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Interleukin-2 [also called T cell growth factor (TCGF);

hergi-nafter- abbreviated as IL-21 is a | ynphokine produced by T cells upon
stimutation with a lectin or alloantigen, for instance [Science, 193, 1007

(1976);

| munol ogi cal Reviews, 51, 2572(%980)]. IL-2 enables |ong-period

culture of T cells by allowng themto
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Interleukin-2 {also called T cell growth factor
(TCGF); hereinafter abbreviated as IL-2] is a lymphokine
produced by T cells upon stimulation with a lectin or
alloantigen, for instance [Science, 193, 1007 (1976);
Immunological Reviews, 51, 257 (1980)]. IL-2 enables
long-period culture of T cells by allowing them to
grow in vitro while maintaining their functions. Further-
more, IL-2 reportedly promotes the mitogen reaction of
thymus cells (coétimulator), restores the antibody production
by spleen cells against T cell-dependent antigens in nude
mice (T cell replacing factor) or promotes the differen-
tiation and proliferation of killer cells (killer helper
factor) [The Journal of Immunology, lgé,—2928 (1979); Im-
munological Reviews, 51, 257 (1980)].

Killer T cell clones, helper T cell clones and,
further, natural killer cell clones have so far been
obtained in great numbers through the utilization of IL-2
[e.g., Nature, 268, 154 (1977); The Journal of Immunoclogy,
130, 981 (1983)]. 1In addition to such direct use in T cell
or natural killer cell cloning, IL-2 can be used in selec-
ci§ely growing killer T cells specific to special-antigens,
for example killer T cells which recconise a tumor antigen and
destroy the tumor, in vitro. By injecting the tumor-
specific kiiler T cells grown in this manner into an
animal, it is possible to inhibit and prevent the tumor growth

[The Journal of Immunology, 125, 1904 (1980)]. It is also
- R
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grom1|n vitro while maintaining their functions. Further- nore, IL-2
reportedly pronotes the mtogen reaction of thynus cells (costinulator),
restores the anti body production by spleen cells against T cett-dependent
ant.igens in nude mice (T cell . replacing factor) or pronotegs Shet Has BEnaeplaced

tiation and proliferation of killer celds3 (killer helper . “Im”“l lI II

known that IL-2 induces the production of IFN-y [The Journal

of Immunology, 130, 1784 (1983)] and that IL-2 activates
natural killer cells [The Journal of Immunology, 130, 1970
(1983)1. |
5 The above experimental facts suggest that IL-2 may
possibly be useful as an antitumor agent. 1IL-2 is known
: to restore the helper T cell function in nude miég lacking
thymic function [European Journal of Immunology, 10,
719 (1980)] or restore the inductioﬁ of killer T cells
10 against homologous cells (Nature, 284, 278 (1980)] and,
therefore IL-2 can be expected to be useful in treating
immunocompromised diseases.
However, large scale production.of IL-2 has been
éifficult so far, so that clinicazl applications thereof are
15 impossible for the time being. Accordingly, a technique
which renders it possible to produce highly purified IL-2 in
large amounts, in an easy aﬁd simple manner and at-low
cost has been awaited.
Taniguchi et al. cloned the human IL-2 gene by using
20 iL—2 mRNA isolated from the human T cell leukemia line
Jurkat as the starting material, reported the amino
acid sequence of human IL-2 protein as deduced therefrom
and expressed the gene in C0S-7 cells [Nature, 302,
305 (1983)]). Later, Devos et al. reported that the human
25 spleen cell-derived IL-2 aene had been cloned and

expressed in Escherichia coli [Nucleic Acids

Research. 11, 4307 (1983)]. Nevertheless, so far, the
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facbor) [The Journal of Imunol ogy, 123, 2928 (1979); Im nﬁnological
Reviews, 51, 257 (1980)]. Killer T.cell clones, helper T cell clones
and, - further natural killer cell clones have so far been obtained in

great nunbers through the utilization of. jL-2 [e.g., Nature, 268, 154
(1977); The Journal of |munology, " 130, 981 (1983)]. In addition to such

direct use in T cel

presence of an IL-2-like substance has been only estimated
on the basis of there being detected TCGF activity. There is
no accountreporting that a human IL-2 protein produced
by a transformant carrying a DNA coding for human IL-2 has
5 actually been isolated in a purified form.
The present inventors conducted intensive researches
in an attempt to develop a technique by which the desired
IL-2 proﬁein can be obtained through cloning of the human
IL-2 gene utilizing the gene manipulation.technology, in-

10 troduction of the recombinant DNA molecule obtained into

a host and expression of the human IL-2 gene in said.host,

and as a result could establish a method of producing a

substantially pure, non-glycosylated human IL-2 protein and

have completed the present invention.

15 Thus, the present invention provides a $ubstantially
pure, non-glycosvlated human IL-2 protein &@nd a method of
producing said human IL-2 protein which comprises culti-
vating a transformant carrying a DNA having a base sequence
coding for human IL-2 and purifying said protein from the

20 culture broth.

The DNA coding for.human IL-2 to be used in the
practice of the present invention is, for example, a
DNA (I) having the base sequence defined by codons 1-133
in Fig. 2. This DNA (I) may optionally have, at its 5'
25 end, either ATG or a signai'sequence represented in Fig.

2 by codons S1-S20 and preferably has TAA, TGA or TAG,

This Sheet: Has Been Rep Iace
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killer cell cloning, IL-2 can be used in selec- tively grow ng

kiklTer T cells specific to special antigens, for exanple killer T cells
whisch reccgnise a tunor antigen and destroy the tunor, in vitro. By
injecting the tunor- specific killer T dells grown in thIS manner into an

animal , it
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I's possible to inhibit and prevent the tunor growth

most preferably TGA, at the 3' end.
The DNA (I) is preferably connected downstream from a
promoter, for example the tryptophan (trp) promoter,
rec A promoter or Apl, promoter, suitably the trp or JPL promoter.
In accordance with the invention, the mRNA coding
for human IL-2 is isolated from a culture of human peri-
pheral leukocytes stimulated by concanavalin A; for in-
stance, then a single-stranded c¢DNA is synthesized using
reverse transcriptase, and fﬁrther a double-stranded DNA
is synthesized. The DNXA is inserted into a plasmid, the
recombinant plasmid is used for transformation of a strain

of Escherichia coli or Bacillus subtilis, for example,

and the cDNA-containing plasmid is cloned. 1In this
way, a double stranced DNA coding for human IL-2 can be
produced.

More particularly, the human IL-2-encoding mRNA to be used
in the practice of the ;nv"j*lon can be obtained by the method ol
Hinuma et al. [Biochemical and Bibphyéicéi Research Com-
munications, 109, 363 (1982)]). With the thus-obtained
human IL-2 mRMNA as a template, a cDNA is synthesized
by the per se known method using reverse transcriptase,
and the cDNA is converted to a2 double-stranded DNA
[Maniatis, T. et al. Cell, 8, 163 (1976); Land, H. et al.,

Nucleic Acids Reseérch,'g, 2251 (1981)]. " This DNA is in-

vg

stl

()

serted, for example, into the plasmid pBR322 zt th

restriction endonuciease cleavage site by the dG-dC homo-
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«[*The.Jaurnal of | mmunol ogy, 125, 1904 (1980)].
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polymer ligation method [Nelson, T. S¥WMethods in Enzy-
mology, 68, 41 (1979)], for instance. ‘thermore, an

oligonucleotide having the base seque 1@~iorresponding to

the amino acid sequence of a part of IL-2, for in-

5 stance, is chemically synthesized and®EhEn labeled with

32

P. Using this as a probe, the des;qéﬁ"lone is select-

ed from among tetracycline- or amp1c1 -resistant

transformants by the per se known col‘ wybridization

method [Grunstein, M. and Hogness, D ;Pfoc. Natl. Acad.

10 Sci. USA, 72, 3961 (1975); Alwine, J t al., Methods

in Enzymology, 68, 220 (1979)]. Th nce of human-

IL-2 gene is confirmed by determinat the base sequence of

DNA derived from the clone reactinc pg -1vely in the above

hybridization method, by the Maxam-Gi ethod [Maxam, A.M. et

15 al., Proc. Natl. Acad. Sci. USA, 7%, 1¢77)] or the .
dinucleotide synthetic chain termin
M13 [Messing, J. et al., Nucleic Acid 'eseérch, 9, 309
(1981)]. Then, the whole, or part, of §Egechuman IL-2 gene
is excised from the clone oﬁtained, cEimserced into a

20 plasmid, downstrean from an appropriat

SD (Shine and Dalgarno) base sequen the subsequent

introduction into an appropriate host

The use of the trp promoter, thers, as the promoter

is advantageous. As the host, a stra

25 Escherichia coli (e.g. strain 294, DH1l, strain N4830),

among others, is used with advantace
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known fﬁat | L-2 induces the production of IFN—rerff—f¢he—JQQLnaL__Df
| munol ogy, 130, 1784 (1983)] and that |L-2 actjuafgg  nagural killer cells
[ The Journal of | mmunol ogy, 130, 1970 (-983)]. H",H”iﬁ ”e'iﬁﬁﬁaced

. an

experimental facts suggest that IL-2 may possib
antitunor agent. IL-2 is known :

The strains Escherichia coli 294 {Beckman et al.,

Proc. Natl. Acad. Sci. USA, 73, 4174 (1976)]1, E. coli
DH1 [Selson, M. E. et al., Nature, 217, 1110 (1968)] and
E. coii N4830 [Ccell, 25, 713 (1981)] are known strains. .
5  The transformation of such hostswith the DNA can be
padkmmeé by the known method [Cohen, S. N. et al., Proc.
Natl. Acad. Sci. USA, 69, 2110 (1972)]. The host thus
obtained is cultivated in a per se known medium, such as
glucose- and casamino acid-containing M9 medium [Miller,
10 J. Experimenés in Molecular Genetics, pages 431-433 (Cold
Spring Harbor Laboratory, New York, 1972)]}. 1In cases
where the trp promoter is used, an agent such as 3-B-
indolylacrylic acid may be added for increasing the effi-
ciency of said promoteri' The cultivation is generally

a2 7,

15 carried out at 15-43°C for 3-24 hours, with zeration and/or

ftr

stirring as neces%ary.

In case where the APL promoter is used, the cultivation
is preferably carried out at a relatively low tempefature_of
about 30 to 36°C to grow the transformants,and then,df about

20 37 to 42°C to inactivate the repressor in the transformants
and to effectively express the DNA coding for human IL-2.

Human IL-2 thus formeé can be assaved using an
IL-2-dependent cell line. Since human 1L-2 is known to
promote the growth of rat, mouse or other IL-2-dependent

25 cells as well as human IL-2-dependent cells [Immunological
Reviews, 51, 257 (1980)], not only IL-2-dependent human

cell lines,but also rat or mouse IL-2-dependent cell lines

may be used [Journal of Immunology, 130, 981 and 988

(1983)1].
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cted to be useful in treating inmunoconpromn sed
arge scal e_pigoduction of IL-2 has been

ol ogy, 10, 719 (1980)] or restore the induction e

T’”ﬁi@ ot nol ogous cells [Nature, 284, 278 (1980)] and,

In particular, mouse IL-2-dependent cell lines can
be maintained stably by subculturing for a long period of
time, so that their use can give highly reproducible assay
results.

In extracting the human IL-2 according to the inven-
tion from cultivated cells, the cells, after cultivation,
are harvested by the known method, suspended in a solution of
a protein denaturing agent,such as a mineral acid salt of guanidine (e.g.
hydrochloride, nitrate, sulfate), and the suspension is stirred in the oold
and then eentrifuged, whereby an IL-2-containing super-
natant is obtained, or the cells harvested are suspended
in a buffer and disrupted by sonication, lysozyme treat-
ment and/or freezing and thawing, followed by centrifuging
to give an IL-2-containing supernatant. Any other appro-
priate method may also be uscc.

The isolation of IL-2 frcm the zbove supernatant and
the subsequent purification of the same can-be carried out
by an appropriate combination of per se known methods of
separation and purification. Such known separation and
purification methods include, among others, methods utilizing
solubility differencess such as saltine out methodsand solvent pre-
cipitation methods, methods utilizing molecular weight
differences in the main, such as dialvsis, ulcrafiltration,"
gel filtration and SDS-polyacrylamide gel electrophoresis,
methods utilizing charge differences, such as ion exchaﬁge
chromatography, methods utilizing specific affinities, such as
affinity chrom atography me;hods utilizing hydrophobicicty

differences, such as reversed phase high performance liquid



di f'fi.cul't 'so far, so that clinical applications thereof are |np055|ble for

the-ti mé being. Accordingly, a technique which renders—+%—pess+b#e—pg———*

produce highly purified IL-2 in large an%unts in an ?ﬁ'ig n‘iﬁm

manner and at |ow cost has been amalted Tani gu
human | L-2 gene by using
chromatography, and methods utilizing isocelectric point

differences, su;h as isoelectric focusing. Since the
human IL-2 protein is highly hy&rophobic, hydrophobic
column chromatography, in particular high performance
5 liquid chromatography using a reversed phase column, is
very effgctive in purifying said protein.
Thﬁs, for instance, the cells obtained by culti-

vating a strain of Escherichia coli carrying the gene

coding for human IL-2 are suspended in a solution, preferably
10 in a buffer of a protein denaturing agent, such as Quanidine
hydrochloride(in a concentraticn of 2 M to 8 i, preferably
6 Mtc &), and. the suspensioﬁ is stirred, preiferablly at
0 - 5°C fot 015 - 3 hours ané then centrifuged. The super-
natant thus collected is. &s it is,o0or zfter concentration
15 using an ul;rc-ll,ra ion device or the like, subjected to
dialysis. The resulting précipitate is removed by centri-
fugatrion, the supernactant is subjected to anion exchange
chromatography using diethylamiﬂoethylcellulose [é.g. DE 52
cellulose (Whatman, Gt. Britain) column}, for instance, and an
20 active fraction is collected.

Then, after concentraticn using an ultrafilrration
device, the active fraction is subjected to gel filtration
using N,N'-methylenebisacrylamide-crosslinked allyldextran,
such as a Sephacryl S-200 (Pharmazcia, Sweden) column, or

25 the like. The acrive fraction collected is then subjected

to the above-mentioned high performance liquid chromato-

graphy. In this manner, the non-glycosylated human IL-2



HL-2 pRNA F§6Tﬁr€ﬁ*frnnm;h§ human T cell leukenmia line Jurkat as the

stalti ng’ myhie Shédt Hat BESH k&fihdshe amino acid sequence of human IL-2 protein

as deduced t xpriessed the gene in COS-7 cells [Nature, 302,
305 (1983)]. WWMMHB t al. report@@ that the human spleen

cel | -derived T2 been cloned and expressed in Escherichia col
[ Nucl ei ¢ Aci ds 5

protein according to the invention can be obtained.

As the reversed phase system to be used in high

performance liguid chromatography, resins coated with

alkylated (C ) silanes are effectively used among others.

1-18
5 As the eluent, a C1-6 lower alkanol (e.g. ethanol, propa-

nol) or acetonitrile can advantageously be used,and the

eluent has a pH of 1.5-8, preferably 1.5-4. The rate of elution

is preferably 0.1-100 ml/min.
The human IL-2 protein thus obtéined can be turned
10 into a poﬁder by lyophilization as necessary. On the oc-
casion of lyophilization, a stabilizer such as sorbitol,
mannitol, dextrose, maltose, glycerol or human serum
albumin (HSA) may be added.
When assaved for IL-2 zcrivity using, as the index,
15  the radiocactive thymidine uptake by IL-2-dependent mouse
cells, the human IL-2 protein obtained in accordance with
the present invention shows. a specific activity of not
less than 1 x 10& U/mg. 1In zccordance with the invention,
there can be obtzined a highly pure, non-glycosyvlated human
20 IL-2 protein having a specific activity of not less than
2 x 10° U/mg anc up to 4 x lOLi U/mg.
As mentioned herein, the IL-2 activity in units (U)
was calculated in the following manner.
Thus, an IL-2-containing sample was added to a
25 medium containing cclls of a moﬁse cell line whose growth
depends on the concentration of IL-2, ané the whole

mixture was incubated at 37°C overnight in the presence
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11, 4307 (1983)]. hbvertheless, so far, the
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of 5% COZ’ the growth of said-cell line was determined
using tritiated thymidine. For calculating the
activity in units (U) in tﬁe sample in question, a standard
IL-2 (1 U/ml) was always used for comparison and
said activity inunits (U) was calculated from the activity
ratio between the sample and the standard.
More particularly, cells of an IL-2-dependent mouse
cell line (NKC3) ([Hinuma et al., Biochem. Biophys. Res.
Commun., 109, 363 (1982)] maintained by subculturing in
207 FCS-added RPMI 1640 medium supplemented with an IL-2-containing
conditioned medium at 37°C in the presence of 5% CO,,are
washed twice with & serum-free RPMI 1640 medium and resus-
pended in 20% FCS-added RPMI 1640 medium to 6 x 10° cells/ml.
An IL-2-conzaining sample is distributed, in 50-pl
portions, into the wells in the first row of a 96-well
flat-bottomed microticter plate (Nunc, Denmark). Using 50-
ul portions of 20% FCS-added RPMI 1640 mediuﬁ. a two fold
serial dilution is procduced untii the 12th row. .Then
the above RNKC3 cell suspension is distributed, in 50-ul
portions, into zll the wells, followed by incubation at
37°C in the presence of 5% CO2 for 24 hours. After 20
hours of incubation, 1 pCi of tritiated thymidine (Amer-
sham, Great Britain) is added to each well. After con-
tinued incubaticn for 4 hours, cells were recovered onto

a glass filter using a cell harvester (flow, USA) and

. measured for tritiated thvmidine uptake using a liquid

This Sheet Has Been ReIpII




presence of an IL-2-1ike substance has been only estimated on the basis of

t here being detected TCGF activity. The

no accountreporting that a

;
human 1 L-2 protein produced by a transﬂgrnant carrying a DNA codi ng for
human 1L-2 has actually been isolated in a purified form
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" suspension of human periphetrzal blood lymphocytes (5 x 10~

scintillation counter. In carrying out the above assay,

a standard IL-2 sample is subjected to tHe same procedure,
as with the sample to be assayed,and the tritiated thymidine
uptake is determined.

The calculation of the activity in units (U) is
carried out by the probit method according to the Journal of
Immunology, 120, 2027 (1978). Thus, the maximum uptake
in the standard IL-2 sample dilution series is
regarded as 100%, and the percentage (%) of the uptake
for each dilution stage is calculated. The wvalues thus
obtained are plotted on a normal probability paper and’
the dilution factor at which the uptake is.SOZ is deter-
mined graphically. Also for each IL-2-containing sample,
the dilution factor at which the uptake is 507 is deter-

mi,
&

mined in the same manner. ae amcunt of IL-2 activity
conéained in the culture supernatant after 48 hours
of incubation, at 37°C in the presence of 57 €o,, of a
6
cells/ml) in 10% FCS-added RPMI 1640 medium supplemented
with 40 ug/ml of concanavalin A and 15 ng/ml of 12-0-
tetradecanoylphorbol-13-acetate is defined as 1 U/ml.

The IL-2 concentration (U/ml) of the sample is cal-

culated by the formula:

Dilution factor for sample at which 507 uptake is attained

Dilution facror for standard IL-2 sample at which 507 up-

take is attained
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The *present inventors conducted intensive researches in an attenpt to
devel op a technique by which the desired |1L-2 protein can be obtained

t hrough cloning of the human [L-2 gene utilizing the gene manipul ation
technol ogy, in- troduction of the reconpgnant DNA nol ecul e obtained into
a host and expression of the human 'IL-2 gene in said host, and as a result
coul d establish a nethod of producing a

The natural IL-2 obtained from the human peripheral
blood had a specific activity of 20,000-70,000 U/mg as.
determined by the above assay method. This activity is
almost equal to the acﬁivity of the non-glycosylated human

5 IL-2 protein according to the present invention.

The non-glycosylated human IL-2 protein according to
the invention preferably comprises the polypeptide (II)
having the amino acid sequence shown in Fig. 3 wherein
X is Met or hydrogen. |

10 - The human IL-2 protein produced in accordance yith
the invention has the following characteristics:

1) It is homogeneous in SDS-polyacrylamide gel electro-
phoresis ;nd has a molecular weight of 15,000 = 1,000
caltons as determined by said electrophoresis;

15 2) It_contains alanine or methionine as the amino-terminal
amino acid;

3) It contains threonine as the carboxy-terminal amino
acid;

4) It has an activity of growiné T cells or natural

20 killer cells while maintaining their functions.

The human IL-2 protein produced in accordance with
the invention reacts negativelyinthellnmlus lysate test
[Haemostasis; 7, 183 (1978)] and is very low in impuricy
proteinsand pyrogen contents, SO that it can. be used

25 safely as a bulk substance for manufacturing injections

and so on.
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‘sub&tdﬁtially pure, non-glycosyl ated human | L-2 protein and have conpleted'

t he -present invention. Thus, the present invention provides a
substantially pure, non-glycosylated human IL-2 protein and a nethod of
produci ng said human IL-2 protein which conprises culti- vating a

transformant carrying a DNA having a baég*§équence

The non-~glycosylated human IL-2 protein obtained in
accordance with the invention has
an activity of promoting the growth of normal T cellé or
natural killer cells while maintaining their functions.

5 Therefore, the IL-2 protein according to the invention can
be used in growing and subculturing T cells or natural
killer cells in vitro for a long period of time or cloning
the same. Moreover, this property can be utilized in
human IL-2 activity measurement.

10 Furthermore, the human IL-2 protein of the invention
makes it possible to grdw selectively antigen-specific
killer T cells, which recognize and destruct tumor antigens,
or natural killer cells, which are capable of killing
tumor cells irrespective of the presence,or absence,of

15 an experience of antigenic sensitization, in vitro. When
inoculated into a living organism simultanebusly with the
introduction of said killer cells into the living organism,
the human IL-2 of the present invention increases the anti-
tumor effect of killer T cells. Therefore, it can be used

20 for the prevention or treatment of tumors,cr the treatment
of immunodeficiency diseases,in warm-blooded animals (e.g.
mouse, rat, rabbit, dog, cat, pig, horse, sheep, cartle,
human) .

The humen IL-2 protein according to the invention

25 is a highly purified product, has little antigenicity for

humans and is low in toxicity.
This Sheet Has Been Replaced
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codingifor human 1 L-2 and purlfylng said protein fron1the cul ture broth.

The- DNA coding for

i nvention is,
codons 1-133

for exanple, a DNA (I) having t

in Fig. 2. This DNA (1) “nay O‘ptlona%)

ei ther ATG or a signal sequence represented in Fi
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As an agent for the prevention and treatment of

tumors, the human IL-2 protein of the invention can be

administered either parenterally or

for example, injections or capsules

orally in the form of,

prepared by appro-

priate blending or dilution with a per se known carrier.

It can be used either alone or in combination with killer

T cells or natural killer cells grown in vitro, as mention-

ed hereinbefore.

The human IL-2 protein according to the invention

has substantially the same biologic

natural human IL-2 ané accordingly

al activity as the -

can be

used in the same manner as said natural one. Its disso-

ciation constant in relation to the

responéing cellis is very small, sc
is sufficient in most cases.

For the purpose of growing T
human IL-2 of the invention can be
in a concentration of about 0.01-1
about 0.1-0.5 u/ml.

In an example of the use for
T cells in vitro, the IL-2 protein
added, to a concentration of 0.1-0.

suspension containing, for example,

IL-2 receptor of the

cells in vitro, the
added to the medium

U/ml, preferably

the purpose of growing
of the invention is
5 unit/ml, to a cell

alloantigen-sensitized

T cells obtained by 3-day mixed lymphocyte culture of

human peripheral blood-derived T.cells (1 = 106'cells/ml),

with B cell transformants (1 x 106

cells/ml) resulting from

X ray irradiation (l,SOO'rads) added, in RPMI 1640 medium
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2 by codons S1-S20 and preferably has <-TA& -TGA or TAG

-4

10

15

20

25

30

containing 207 of fetal bovine serum. Cultivation is con-
tinued for about 1 month while repeating medium exchange
at about one-week intervals.

The transformant disclosed in the following examples,

namely Escherichia coli DH1/pTF4, has been deposited at the

Institute for pernentation, Osaka (IFO) under the deposit

. number IFO-142929, and also deposited at the Fermentation Research

Institute, Agency of Industrial Science and Technology, Ministy of
InternationalTradeandIndustry,Japan(FRI)ﬁndertheaccession
number of FERM BP-(28 of a deposit under the Budapest Treaty.

In the present specification and drawings, the bases
and amino acids, when indicated by abbreviations, are. ab-
breviated according to the rules of the IUPAC-IUB Commission
on Biochemical Nomenclature or the practiéé in the field
concerned. Examples are shown in Table 1. 1In case oftical_
isomerism is involived, the zmino acids mentioned are in the

L form unless otherwise specifically indicated.

 Table 1
DNA: Deoxyribonucleic acid
cDNA: Complementary deoxvribonucleic acid
A: Adenine
T Thymine IThls Sheet Has Been Replac
Tl
C: Cytosine
RNA: Ribonucleic acid
mRNA : Messenger riponucleic acid
dATP: Deoxvadenosine triphospnate
dTTP: Deoxvthymidine triphospnate
dGTP: Deoxyguanosine triphosphate

dCTP: Deoxycytidine triphosphate



nost - preferably TGA at the 3" end. The DNA (1) is preferably
connect'ed downstreamfroma pronoter, for exanple the tryptophan (trp)
pronoter, rec A pronoter or [err]FL pronoter, suitably the trp or [err]PL
pr onot er . I n accordance with the i?vgntion, t he mMRNA codi ng

Table 1 (continued)

ATP: Adenosine triphosphate
EDTA: Ethylenediaminetetraacetic acid
SDS: Sodium dodecyl sulfate
5 Gly: Glycine
Ala: Alanine
Val: Valine
Leu: Leucine
Ile: Isoleucine
10 Ser: Serine
Thr: Threonine
Cys: Cysteine

1/2 Cys:- Half cystine

Met: Methionine
15 Glu: Glutamic agid
Asp: - Aspartic acid
Lys: Lysine
Arg: Arginine
His: Histidine
20 Phe: Phenylalanine
Tyr: Tyrosine
Trp: Tryptophan
Pro: Proline
Asn: Asparagine
25. Gln: Glutamine
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f,or .human IL-2 is isolated froma culture of human peri- pheral |eukocytes
sti.-mul &t ed by concanavalin A, for in- stance, then a single-stranded cDNA
‘is synthesized using reverse transcriptase, and further a doubl e-stranded
DNA is synthesized. The DNA is inserted into a plasm d, the reconbinant
plasmd is used for transformation of a stgrain of Escherichia coli or
Bacillus subtilis, for exanple,

Brief Description of the Drawings

Fig. 1 and Fig. 2 show the restriction enzyme map

of the plasmid pILOT135-8 obtained in Reference Example 1 (vii)

( ™= indicating the portion coding for the signal pepfide
5 and 771 indicating the portion coding for IL-2) and the
primary structure (base sequence) of said plasmid, res-
pectively. Fig. 3 shows the amino acid sequence of the

non-ijlycosylated human IL-2 protein according to the inven-

tion, wherein X is Met or a hydrogen atom . Fig. & shows
10 the scheme of constructing the expression plasmid pTF4

as taken in Reference Example 2. Fig. 5 shows the results of the
SDS-polyacrylamide slab gel electrophoreses performed in
Example 1(V) (1) and (2), Fig. 6 the trypsin digestion peptide
map mentioned in Example 1 (V) (6), and Fig. 7 and Fi_g- 8 the

15 effects of the human IL-2 protein according to the invention
on the uptake of tritiated thymidine by the MKC3 cell line
and human cell line, respectively, as revealed in Example.
1(v) (7).Fig. 9 shows the results of the long-period sub-
culturing of the NKC3 cell line conducted in Example 1(V) (7).

20
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‘and the cDNA-containing plasmid is cloned. In this way, a double-stranded

DNA codlng for human |L-2 can be produced. More particularly, the -
human’| L- 2- encodi ng nPNA to be used in the practice of the invention can

be obtained by the method of Hinuma et al. [Biochem cal and Bi ophysi cal
Research Com - 19 -

Thls Sheet Has Been R
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Reference Example 1

(i) Isolation of mRNA coding for human IL-2 -
Lymphocytes prepared from the human peripherél blood
were incubated in RPMI 1640 medium supplemented with 10% fetal
5 bovine serum, l12-O-tetradecanoylphorbol-13-
acetate (TPA) (15 ng/nl) and concanavalin A (40 ug/ml) at
37°C to thereby induce IL-2. After 24 hours of iqcubation,
1x 1010 human lymphocytes thus induced were disrupted.andf
denatured in a solution containing 5 M guanidine thio-
10 cyanate, 57 mercaptoethanol, 50 mM Tris-HCl (pH 7.6) and
10 mM EDTA using a Teflon homogenizer, then sodium N-
lauroylsarcosinate was added to a concentration of 47, and
the mixture, after homogenization, was layered onto 6 ml
of 5.7 M cesium chlorice solﬁtion (5.7 ¥ cesium chloride,
15 1 M EDTA) and centrifuged using a Beckman SW28 rotor at
24,000 rpm and 15°C for 48 hours, to give an ﬁNA precipi-
tate. This RNA precipitate Qas dissolved in 0.25% sodium;
N-lauroylsarcosinate and precipitated with ethanol to give
10 ﬁg of RNA. In a high-concentration salt solut?bn (0.5
20 M NaCl, 10 mM Tris-HCl pH 7.6, 1 =M EDTA, 0.27 SDS), chis
RNA was adsorbed on an oligong)cellulose column. Elution
with a' low-concentration salt solution (10 mM Tris-HC1l pH
7.6, 1 mM EDTA, 0.37% SDS) gave 300 ug of poly(A)-containing
mRNA. This mRNA was further subjected to precipitation
25 with ethanol, then dissolved in 0.2 ml of a solution (10

mM Tris.HC1 pH 7.6, 2mM EDTA, 0.3% SDS), treated at 65°C



funi cations, 109, 363 (1982)]. Wth the thus-obtai ned human IL-2 nRNA as a
teopl ate,. a cDNA is synthesized by the per. se known nethod using reverse
transcrlptase and—the—eBNA—s converted to a doubl e-stranded DNA

[ Mani ati s, ,Tﬂ'sm Cel 8 163 (1976); Land, H et al., Nucleic Acids

Research, 9, DNA is 5” serted, for exanple, into the
pl asm d pBR3 0 -

for 2 minutes and fractionated by 10-35Z sucrose density
gradient centrifugation (at 20°C and 25,000 rpm for 21
hours using a Beckman SW28 rotor) into 22 fractions. An
aliguot of each fraction was injected into.oocytes of

5 Xenopus laevis and the IL-2 activity in proteins thus

synthesized was measured. Fractions Nos. 11-15 (sedimen-
tatién coefficient 85-15S) were found to have IL-2 activ-

~ity. About 25 ug of IL-2 mRNA was contained in these
fractions.

10 (ii) Synthesis of single-stranded DNA

Using the mRNA obtained above and reverse transcrip-
tase, incubation was carried out in 100 ul of reaction solu-
tion (5 ug of mRRA, 50 pg of oligo(dT), 100 units of reverse
transcriptase, 1 ¥ déatn, 1 M dCTP, 1 mM 4dGT?, 1 =M dTTP,

15 8 mM MgClz, 50 = KC1, 10 =M dithiothreitoi,'SO mM Tris-HCl
pH 8.3) at 42°C for 1 hour, followed by deproteinization
with phenol énd treatment with 0.1 N NaOH at 70°C for 20
minutes for removal of RNA by decomposition.

(1ii) Synthesis oI double-stranded DNA

20 A double-stranded DNA was synthesized by treating
the thus-synthesized single-stranded complementary DNA in
50 ul of a reaction solution (the same as the above-mentioned
reaction solution except that the mRNA and oligo(dT) were
absent; at 42°C for 2 hours.

25 (iv) Additibn of dC tail

This double-stranded DNA was treated with nuclease



. "

restrlctton endonucl ease cl eavage site by the dG—dC hono-
- B._ ¢

- 21 -

S1 in 50 ul of a reaction solution (double-stranded DNA,

0.1 M sodium acerate pH 4.5, 0.25 M NaCl, 1.5 md ZnSO,,

60 units of S1 nuclease) at room temperature for 30 minutes,
folloﬁed by deproteinization with phenol and DNA precipita-

5 tion with ethanol. The DNA was treated with terminal
transferase in 50 ul of a reaction solution (double-stranded
DNA, 0.14 M potassium cacodylate, 0.3 M Tris (base) pH 7.6,

2 mM .dithiothreitol, 1 mM Clez, 0.15 mM dCTP, 30 units of
terminal transferase) at 37°C for 3 minutes to thereby

10 cause extension of the double-stranded DNA by about 15 °
deoxycytidines at both the 3' ends. This series of reactionms
gave about 300 ng of a deoxycytidine chain-containing double-
stranded DNA. )

(v) Cleavage cf Escherichiz coli plasmid and addéition of

3~

15 ¢G teail

Separately, 10 pug of Escherichia coli plasmid pBR322

DNA was treated with the resrriction enzyme Pstl in 50 ul
of a reaction solution (10 ng of DNA, 50 mM NaCl, 6 mM

Tris-HCl pH 7.4, 6 mii MgCl 6 mM 2-mercaptoechanol, 100

2!

20 ug/ml bovine serum albumin, 20 units of Pstl) at 37°C for
3 hours to thereby cleave the one Pstl recognition site
occurring in the pBR322 DRA, Iollowed by deproteinization
with phenol. The cleaved plasmid pBR322 DitA was extended
by about 17 deoxyguanines at borth the 3' ends by treating

25 with terminal transferase in 50 ul of a reaction solution

(10 ug of DNA, 0.14 M potassium cacodylate, 0.3 ¥ Tris base
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polyner ligation nmethod [Nelson, T. S., Methods in Enzy- nology, 68, 41
(1979)1, for instance. Furthernore, an oligonucleotide having the base
sequence corresponding to the am no acid sequence of a part of hunman IL-2,
for in- '

- 22-

PH 7.6, 2 mM dithiothreitol, 1 mM CoCl,, 0.15 mM GTP, 30
units of terminal transferase) at 37°C for 3 minutes.

(vi) Annealing of cDNA and transformation of Escherichia.

5 The thus-obtained synthetic double-stranded DNA (0.1
.ug) and 0.5 pug of the above-mentioned plasmid pBR322 were
annealed,by heating in a solution containing 0.1 M NaCl,
50 mM-Tris-HCI'pH 7.6 and 1 mM EDTA at 65°C for 2 minutes
and then at 45°C for 2 hours followed by gradual cooling.

10 and the product was used for transformation of Escherichia

coli MM294 in accordance with the method of Enea et al. [J.
Mol. Biol., 96, 495 (1975)].
(vii) Isolation of cDNA-containing plasmid
In this way, sbout 20,000 tetracycline-resistant trans;
15 formants were isolated. DNAs of each of them were fixed
on a nitrocellulose filter. Based on the amino acid sequence
of IL-2 reported by Taniguchi et al. [Nature, 302, 305 (1983)], the

1 '
camolementary oligenucleotides of base sequences (S-AAA CAT CIT CAG TGT3 and

> ACA TTC ATG TGT GAn3‘) correponding to amino acids Nos.
20 74-78 (Lys-His-Leu-Gln-Cys) and amino acids Wos, 122-126
(Thr-Phe-Het-Cys-Glu), respectively, were chemically syn-
thesized by the phosphotriester method [Crez, R. et al.,
Proc. Natl. Acad. Sci. USA, 75, 5765 (1978)].
These oligenucleotides were labeled with 32p at the

25 5' end by treatment with T4 polynucleotide kinase in 50 ul

of a reaction solution (0.20 ug of oligonucleotide, 50 mM
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stance,is chemcally synthesized and then labeled with [err]P. Using this
as-a probe, the desired clone is select- ed fromanong tetracycline- or
anpicillin-resistant transformants by the per se known col ony

hybridi zation nethod [Gunstein, M anglzHogness, D. S., Proc. Natl. Acad.
Sci. USA, 72, 3961 (1975); Alwine, J. C et al., Methods in Enzynol ogy,

68, 220 (1979)]. The presence of human ,

Tris-HCl pH 8.0, 10-mM MgClz, 10 mM 2-mercaptoethanol, 50

uCi of Y—SZP ATP, 3 units of T4 polynucleotide kinase) at
37°C for 1 hour. These labeled oligonucleotides, as probes,
were annealed with the above-mentioned DNAs fixed on nitro-

5 cellulose filter by the method of Lawn et al, (Nucleic

Acids Res., 9, 6103 (1981)]. Four transformants reactive to the
above two oligonucleotide probes were detected by autoradio-
graphy. The plasmid DNA was isolated from cells of each
of these transformants by thé Birnboim-Doly alkali method [Birn-

10  boim, H. C. & Doly, J., Nucleic Acids Res., 7, 1513 (1979)].
'Then the insert in the plasmid DNA was cut out using the
restriction enzyme Pstl. From among the plasmids isolated,
the one containing the longest insert fragment was selected and named
pILOT 135-8. _The restriction enzyme map of this plasmid is

15 shown in Fig. 1.

The primary structure (base sequence) of the cDNA
inserted in this pILOT 135-8 was determined by the dicdeoxy-
nucleotide ﬁethod and ﬁhe Maxam-Gilbert method. The primary
structure thus determined is shown in Fig. 2. The peptide

20  defined by this base sequenée consists of 153 amino acids,
starting with the synthesis start signal (Nos. 64-66 ATG).
Of these, the 20 amino acids from the N-terminal are con-
sidered to constitute a signal peptide. The above primary
structure has revealed that this plasmid has the whole base

25 sequence coding for the human IL-2 protein: This fact in-

.dicates that insertion of the gene inserted in said plasmid
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iL-2 gene I.s confirmed by determ nation of the base sequence of DNA
derived fromthe clone reacting positively in the above hybridization

nmet hod, by the Maxam G | bert nethod [ Maxam A M et al., Proc. Natl. Acad.
Sci. USA, 74, 560 (1977)] or the dindc®ofide synthetic chain ternination
nmet hod using phage ML3 [Messing, J. et al., Nucleic Acids Research, 9, 309

into an appropriate expression plasmid can lead to production

of an optional polypeptide portion of the IL-2 protein.

Reference Example 2

The plasmid pILOT135-8 obtained in Reference Example 1 was
5 cleaved with the restriction enzyme HgiAl. The thus-obtained
1294 bp DNA fragment containing the IL-2 gene was treated
with T4 DNA polymerase, joined with the Clal linker CGATA ATG
GCA, which contained the codon GCA for alanine and the codon
ATG for methionine, and the product was treated with Clal
10 and Pstl, followed by insertion into ptrp771 at the Clal-
Pstl site. The expression plasmid thus obtained was named
pTF4 (Fig. 4). |

Reference Example 3

Escherichia coli DH1 was transformed with the plasmid-

15 pTF4 obtained in Reference Example 2 in accordance with the mothod
of Cohen et al. [Proc. Natl. Acad. Sci. USA, 69, 2110

(1972)] to obtain a transformant (Escherichia

coli DH1/pTF4) carrying said plasmic.
Example 1

20 (1) E. coli DH1/pTF4 (obtained in Refercnce Example 3) was inoculated
into 50 ml of a liquid medium (pH 7.0) containing 1% Bacto
tryptone (Difco Laboraﬁories,_USA), 0.57 Bacto yeast extract
(Difco Laboratories, USA), 0.5%Z sodium cﬁloride and 7 ug/ml
tetracycline as placed in a 250-ml Zrlenmeyer flask. After

25 incubation at 37°C overnight on a swing retor, the culcture

medium- was transferred to a 5-liter jar fermenter containing
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(+198%)] . * Then, the whole,or part,of the human IL-2 gene 1is excised from
t he- cl one obtai ned,and inserted into a plasm ddownstream from an
appr-opri ate pronoter. and the SD (Shine and Dal garno) base sequence, for
the subsequent introduction into an appiopriate host. The use of
the trp pronoter, anong others, as the pronoter I s advant ageous. As the
host, a strain of

2.5 liters of M9 medium containing 0.5% casamino acids, 0.5%
glucose and 7 ug/ml tetracycline.  Incubation was then con-
‘ducted with aeration and stirring at 37°C for 4 hours and,
after addition of 3-B-indolylacrylic acid (25 ug/ml), for a .
5 furtH;;‘A hours. Cells were harvested from the thus-obtained

2.5-liter culture broth by centrifuging, frozen at -80°C

and stored.

(ii) The freeze-stored cells (12.1 g) obtained in Example
10 1(i) were sﬁspended in 100 ml of an extractant (pH
7.0) containing 7 M guanidine hydrochloridé and 0.1 M
Tris-HCl, the suspension was stirred at 4°C for 1 hour and
the lysate was—centrifuged at 28,000 x g for 20 minutes
to cbtain 92 =l of a superna@tant.
15 (iii) Separately, various procedures were concucted to
extract IL-2 from the transicrmant E. coli DH1/pTF4 cells
obtained by the method of Example 1(i) to compare the

respective extraction efficiencies.

20
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EscherLbhia coli (e.qg. strain° 294, strain DH1, strain N4
ot He¢s, .is used with advant age.

10

15

20

25

-
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In a lysozyme-EDTA method, 2 g of E. coli DH1/pTF4 .
cells obtained in Example 1(i) were mixed with 16 ml 6f a
solution (pH7.0) containing 0.1 M Tris-HC1l, 10 mM EDTA and
250 mg/l lysozyme, the mixture was stirred at 4°C for
1 hour, and subseqgently at 37°C for 5 minutes, and the lysate
was.centrifuged at 28,000 x g for 20 minutes.

In '2 sonication method, 2 g of the cells mentioned
above were suspended in 16 ml1 of a solution (pH7.0) con~
taining 0.1 M Tris-HC1l, the suspension was subjected to
sonication at 0°C for 5 minutes and the lysate was
centrifuged at 28,000 x g for 20 minutes.

In a guanidine-HCl method, 2 g of the cells mentioned
above were mixed with 16 ml of solutions (pH7.0) contain-
ing 0.1 M Tris-HCl and 2M, 4M or 7M guanidine-HCl, the
mixtures were stirred at 4°C for 1 hcur and the lysates
were centrifuged at 28,000 x ¢ for 20 minutes. Supernatant Zluids thus
obtained were used for the measuréments of protein concen-
tration and IL-2 activity;”

The results are summarized in Tzble 2.

Table 2. Extraction of IL-2

Extracticn Protein IL-2 activity Relative
procedure concentration in the extract ratio

{mg/ml) (U/ml) _ (%)
Lysozvme—~-EDTA 5.40 3.3 0.02
Sonication 6.54 2.2 0.01
2M Gu-HCl 2.60 46 0.2
4M Gu-HCl 4.12 144 0.8
7M Gu-HC1l 7.22 19100 100

Gu-HCl: guanidine hydrochlorice
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- 6,-*.,. _The strains Escherichia coli 294 [Beckman et al., Proc. Natl. -
Acad. Sci. USA, 73, 4174 (1976)], E. coli DHl [Selson, M E et al., '
Nature, 217, 1110 (1968)] and E. coli N4830 [Cell, 25; 713 (1981)] are
known strains. The transformation of such hosts with the DNA can be
perfornmed by the known nethod [ Cohen,~S7N. et al., .Proc.

(iv) The supernatant fluid obtained in Example 1l(ii) was dialyzed
against 0.01 M Tris-HCl buffer (pH 8.5) and then centrifuged
at 19,000 x g for 10 minutes to give 94 ml of a dialyzed
supernatant fluid. This was applied to

S a DE 52 (DEAE-cellulose, Whatman, Great Britain) column
(50 ml in volume) equilibrated with 0.01 M Tris-HCl buffer
(pH 8.5) for protein adsorption. Proteins were eluted with
a linear NaCl concentration gradient (0-0.15 M NaCl, 1 literx).
The active fractions (53 ml! olitained were concentrated to 4.8 ml.

10 using a ¥M-5 membrane (Amicon, USA) and subjected to gel

filtration using a Sephacryl S-200 (Pharmacia, Sweden)

column (300 ml in volume) equilibrated with 0.1 M Tris “HCL
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Natl Acad Sci. USA, 69, 2110 (1972)]. The host thus obtained is
cul.fivated in a per se known nedium such as glucose- and casam no
acid-containing M@ nedium[MIler, -J. fgperlnents i n Mol ecul ar Geneti cs,

pages 431-433 (Cold Spring Har bor Labo

atory, New York, 1972)]. In cases

where the trp pronoter is used, an agent such as 3-[err]- indolylacrylic
acid may be added for increasing the effi-

10

20

25

(pH 8.0)-1 M NaCl buffer. The active fractions (28 ml)
obtained were concentrated to 2.5 ml using a Yi¥-5 membrane.
The concentrate was applied to an Ultrapore RPSC (Altex,
USA) column for adsoprtion, and high performance liquid
chromatography was performed using a trifluoroacetic acid-
acetoﬁitrile system as the mobile phase,

The conditions used: column, Ultrapore RPSC (4.6 x

75 mm); column temperature, 30°C; solvent A, 0.1% trifluoro-

-acetic acid-99.97%7 water; solvent B, 0.1% trifluoroacetic acid-

99.9% acetonitrile; elution program, minute 0 (68% A + "32%

B) - minute 25 (557 A + 457 B) - minute 35 (45% A + 557 B) -
minute 45 (307 A + 705 B) - minute 48 (1007 B); elution rate,
0.8 ml/min.; detection wave length, 230 nm. An active fraction
was collected zt a retention time of zbout 39 minutes.

Thus was obtained 10 ml of z solution containing 0.53 mg of
non-glvcosyvlated human IL-2 protein {specifié activity, 30,000
U/mg; activity recovery from.the starting material, 30.6%
purity of protein, 9971 (determined by densitometry on an SDS-
polvacrylanide gel clectrorhorocramt}.

Lyophilization of the aikove solution gave a white

[N

powder. The powder n a specific activity of 26,000 U/mg.

(V) The human IL-2 protein obtained in Example 1 (iv) was

‘examined for the following properties:

(1) Homogeneity:

Staining with Coomassie Brilliznt Blue following SDS-

polyacrylamide gel electrophoresis accordine to Laemmli
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piénci'pf said pronoter. The cultivation is generally carried out at
15-43[err]C for 3-24 hmlrQ with aeration and/or stirring as necessary.

I n case where the [err] ronDter is used, the cultivation is preferably
carri ed odthi Pow t enperaggre of about 30 to 36[err]Cto
grow the tra

thenof about
et al. [Nature, 227, 680 (1970)] revealed only a single band

of said human IL-2 protein (cf. Fig. 5). The location of
the band remained unchanged under reducing conditions as
well as under non-reducing conditions.

5 (2) Molecular weight:

| The molecular weight of said human IL-2 protein was

calculated to be about 15,000 daltons based on the result
of SDS-polyacrylamide éel electrophoresis (cf. Fig. 5).
(3) Amino acid composition: |

16 A 20-ug portion of said human IL-2 protein was placed
in a glass test tube for hvdrolysis, constant boilin§
hydrochloric acig containing 4% thioglycolié acid was added,
the tube was then sealed in vacuo and hydrolysis was perfommed at 110°C
fo; 24; 48 or 72 hours. After hydrclwsis, the tube was

15 opened, the hydfochloric acid was removed under reduced
pressure, and the residue was dissolived in 0.02 R hydro-
chloric acid and subjected to amino_ acid znalysis using a
Hitachi model 835 amino acid analyzer. For determination’
of cystine and cvsteine, said human IL-2 protein was oxi-

20 dized with performic acid by the method of pirs (Methods
in Enzymol., 11, 197 (1967)] followeé by hydrolysis in
constant boiling hydrochloric acid under reduccd pressure
for 24 hours. The hvdrolysate was subjected to cysteic
acid determination using zn amino acid analyzer. The

25 results obtained by the above amino acid analyses are shown

"in Table 3. The values are each the mean of three values



+

37 to QQ[err]C to inactivate the repressor
eff-ectively express the DNA coding for human |L-2.

forimed can be assayed using an |L-2-dependent cell Iine.
pronote the growth of ratqi??use or other |L-2-dependent
e

is known to

cells as well
257 (1980)],

10

15

20

25

as human |L-2-dependent c

s [l mmunol ogi cal

not only IL-2-dependent human

in the transformants and to
Human | L-2 t hus

Si nce human |L-2

Revi ews, 51,

respectively obtained after 24, 48 and 72 hours of hydro-

lysis except for the values for serine and threonine which

were determined by extrapolation to zero time of hydro-

lysis.

Table 3

Amino acid Mole 7
Asp/Asn ' 8.8
Thr 9.3
Ser 5.7
Glu/Gln 13.7
Pro 3.4
Gly 1.7
.Ala 3.8
1/2 Cys 2.3
Val 3.1
Met : 3.7
Ile - 6.3
Leu 16.3
Tyvr 2.3
Phe 4.5
Lys 8.3
His 2.5
Arg 3.1
Trp i.l
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Celk'ry”QELQEL_§L§Q_L3L_0L_nDuse | L- 2- dependent cell lines may be used

[ Jour nal of Innunology 130, ;981 and 988 (1983)].
. eet Has Been Replaced 31
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(4) N-Terminal amino acid sequence:

A 34-ug portion of said human I1-2 protein was ana-
lyzed for the thefminal amino acid sequence by applying
thereto an automatic Edman degradation method using a

5 gas-phase protein seqguenator (model 470A, Applied Biosystems,
USA). Phenylthiohydantoin-amino acids (PTH-amino acids)
were identified by high performance liquid chromatography
using é Micropak-SP cclumn (Varian, USA). The PTH- |

amino acid or acids detected in each step are shown in

10 Table 4.
Table 4
Step- | PTH-amino acid detected
1 | ila
15 viet
2 Pro
Ala
3 Thr
Pro
20 4 | - Ser
| Thr
3 Ser
6 Ser
7 Thr
25

(=T v
t—(
3
)
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“In particular, nouse IL-2- dependent cell lines can be

nmai 1t ai ned stably by subculturing for & Bang period of tine, so that their g
use can give highly reproduci ble assay results.

10

20

25

Table 4 (continued)

Step PTH-amino acid detected

10 Thr
11 Gln
12 Leu
13 Gln
14 Leu
15 ’ Glu
16 | Y*
17 Leu
18 Leu
19 _ ' Leu -
20 Asp -

oo

* Nct yet identified.
(5) C-Terminal amino acid:

A 33-pg portion of said human IL-2 pretein was placed
in a glass test tube for hydrazine degradation, 0.05 ml

~anhydrous hyvcérzzine was added and the tube was sealed

[o]
H)

|5

in vacuo and heated at 100°C for 6 hours. The hyvdrazine degradatic:
product obtained was lyophilized and dissolved in discil-

led water. Benzzldehyde was added to the solution, the

mixture was stirred zt room temperature for 1 hour and then

centrifuged. The zzueocus laver thus obtained was lyophilized

)

and subjected to zmino acid analysis using a Hitachi model

835 amino acid anzlyzer. Threonine zlone was detected.
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I'n extracting the human |L-2 according to the inven- tion fromcultivated
cel-ls, the cells, after cultivation, are harvested by the known nethaod,
suSpended in asolution of a protein denaturing agent,such as a m ner al
acid salt of guanidine (e.g hydrochl0r3%e- nitrate, sulfate), and the
suspension is stirred in the cold "and then centrifuged, whereby an

| L- 2-cont ai ning super- natant is obtained, or the cells harvested are
suspended

(6) Tryptic peptide mapping

A 15-ug portion of said 1L-2 sample was digested
with 0.4 ug of trypsin (Washington, USA) in 120 ul of
0.02 M sodium hydrogen carbonate at 37°C for 18 hours.

5 Then, 5 ul of 2-mercaptoethanol was added and the reaction
was continued at 37°C for a further 2 hours. Thereafter,
‘the reaction was terminated by addition of 75 ul of 17
trifluoroacetic acid. High performance liquid chromato-
graphy of the reaction mi#ture, which was performed under

10 the conditions given below, gave a map shown in Fig. 6..
Column: Ultrasphere-Octyl (5 pym, 4.6 x 250 mm; Altex, USA):
Column temperature: 30°C;

Mobile éhase: i

Solvent A, 0.027%7 trifluoroacetic acid-99.987 water;

15 Solvent B, (.027 trifuloroacetic acid-99.98% aceto-
nitrile;
Minute 0 (95% solvent A + 57 solvent B) - minute

40 (30% solvent A + 7.07. solvent B):;
~Flow rate: 1.0 ml/minute;
20 Detection: Fluorescence method [Analyticél Biochenm., 67,
438 (1975)] using fluorescamine (Roche, USA).
(7) Activity against IL-2-dependent cell lines
Assay of the non-glycosylated human IL-2 protein ac-

cording to the invention.,in accordance with

25 the method described in Biochem. Biophys. Res. Commun., 109,

363 (1982),revealed that said IL-2 protein had an activity
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in qrbUffer-aﬁd—dumuaxjgijQLégiycation, | ysozyme treat- nent and/or
freezing angn$ w ng, followe y centrifuging to give an |L-2-containing
super nat ant : Ryine Beap WepiigePr i at € met hod may al so be used. The
‘isolation of I Hﬁpove super naBant and the subsequent

purification o be carried out

to promote tritiated thymidine uptake in an IL-2-dependent

mouse cell line (NKC3; cf. Fig. 7) as well as in én IL-2-

dependent human cell line (cf. Fig. 8).

Furthermore, said IL-2 protein was dissolved in 207

5 FCS-added RPMI-1640 medium to a concentration of 0.5 U/ml,

and 2 x 105 cells/ml of the NKC3 cell line were suspended

~in the mgdium. Subculturing was continued on a Linbro

Mﬁlti dish (Flow, USA) at 37°C in the presence of SZ.CO2

while repeating viable cell counting and resuspending the

10 culture in a new fresh medium at 2- or 3-day intervals. As
a result, said IL-2 protein was found to have an activity
to maintain the growth of the NKC3 cell ling
for a long period of time, as illustrated in Fig. 9.

Examole 2 (Preparation for injection)

15 The non-glycosylated human IL-2 protein-containing solu-
tion obtained in Example 1 (iv),is applied to a CM Tovopearl
(Toyo Soda, Japan) column equilibrated with 0.025 M ammonium
acetate buffer (pH 5.0) under aseptic conditions for adsorp-
tion, followed by elution with the zbove buffer containing

20 0.15 M NaCl. The eluate is diluted by addition of an appro-
priate amount of 0.15 M NaCl, then HSA isladded to a con-
centration of 0.5%Z, and the mixture is filtered through a
membrane filter (0.22 um in pore diameter). The filtrate
is distributed zseptically in 1-ml portions into vials, fol-

25 lowed by lyophilization. The human IL-2 preparation for
injection in each vizl is dissolved in 1 ml cf distilled

water, for injection prior to use.

\



by an appropriate conbi nati on of per se known nethods of separation and
purification. Such known separation and purification nethods include,
anong others, nethods utilizing solubility differencessuch as saltin
nmet hods and sol vent pre- cipitation nmethods, nethods uvmkszmnaagpé

weight differences in the main, such as dialysis, ultrafi mlﬂ"m”"”lﬁm

filtration and SDS-pol yacryl am de gel electrophore5|s,

- =35 -

What is claimed is:
1. A substantially pure non-glycosylated human
“interleukin-2 protein having a specific activity of not
less than 104 U/mg.
5 2. A protein according to claim 1, which has a amino
acid .sequence of the formula:
X-Ala Pro Thr Ser Ser Ser Thr Lys Lys Thr Gln Leu Gln
Leu Glu His Leu Leu Leu Asp Leu Gln Met Ile Leu Asn
Gly Ile Asn Asﬁ Tyr Lys Asn Pro Lys Leﬁ Thr Arg Met
10 Leu Thr-Phe Lys Phe Tyr Met Pro Lys Lys Ala Thr Glu
Leu Lys His Leu Gln Cys Leu Glu Glu Glu Leu Lys Pro
Leu Glu Glu Val Leu Asn Leu Ala Gln Ser Lys Asn Phe
His Leu Arg Pro Arg Asp Leu Ile Ser Asn Ile Asn Val
Ile Val Leu Glu Leu Lys Gly Ser Glu Thr Thr Phe Met
15 Cys Glu Tyr Ala Asp Glu Thr Ala Thr Ile val Glu Phe
Leu Asn.Arg Trp Ile Thr Phe Cys Gln Ser Ile lIle Ser
Thr Leu Thr
wherein X is Met or hydrogen.
3. A prbtein according to claim 1, which is in a
20 lyophilized form.
4. A method of producing a substantially pure non-
glycosylated human interleukin-2 protein having a
specific activity of not less than 104 U/xg, which
comprises growing a transformant carring a DNA having a
25 Dbase sequence coding for human interleukin-2 to cause
production and accumulation of human inter;eukin—Z in the

culture broth and subjecting the thus obtained human
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mét hods utilizing charge differences, such as ion exchange bhronatography[

nmet hods utilizing specific affinities,such as affinity chronmatography,
met hods utilizing hydrophobicity differences, such as reversed phase high
performance liquid

- 36 -

interleukin-~2-containing liquid to a purification process
comprising a hydrophobic column chromatography.
5. A method according.to claim 4, wherein the hydrophohic
column chromatography is a high performance liquid

5 chromatography using a reversed phase column.
6. A method according to claim 5, wherein the ‘

chromatography is conducted by using an eluent of pH 1.5

to 8.
7. A method according to claim 5, wherein the chro-
10 matography is conducted under a flow rate of 0.1

to 100 ml/min.

8. A method according to claim 4, wherein the human
interleukin-2 is produced and accumulated in the grown

transformant cells and the human interleukin-2 is extracted

15 from the cells to obtain human interleukin-~2-containing
liguid.
9. A method according to claim 8, wherein the human

interleukin-2 is extracted with a solution of protein-
denaturing agent.

20 10. A method according to claim 9, wherein the human
interleukin-2 is extracted with a solution of a guanidine
salt in a concentration of 2 to 8 M.
11. A pharmaceutical composition which contains a

substantially pure non-glycosylated human interleukin-2

25 proteih having a specific activity of not less than 104 U/mg
and a pharmaceutically acceptable carrier, vehicle or diluent
e
- therefor.
eet Has Be\tilii\?fﬁi\aced
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1.

- 8 - chromat ogr aphy, and nethods utilizing isoelectric point
di fferences, such as isoelectric focusing. Since the human IL-2 protein is

hi ghly hydrophobic, hydr ophobi c

- 37 -

12. A composition according to claim 11, which is
an injectable preparation.
13. A method of producing a pharmacéutical composition
containing a substantially pure non-glycosylated human

5 interleukin-2 protein having a specific activity of not
less than 104 U/mg, which comprises admixing said protein

with a phaimaceutically acceptable carrier, vehicle or diluent

therefor.

. This Sheet Has Been Replaced’
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col um chr omat ography, in particular high performance liquid

chr omat ography using a reversed phase colum, is very effective in
purifying said protein. - Thus, for instance, the cells obtained by
cul ti- vatingrRs ShdehiHas PéerBapteeed chi a coli carrying the gene coding for

human | L-2 are sﬁ“ﬂ“m“mr‘lﬁmol ution, preferably ;

AUSTRIAN CLAIMS

- 35 -

1. A method of producing a substantially pure non-
glycosylated human interleukin-2 protein having a
specific activity of not less than 104 U/ng,
which comprises growing a transformant carring a DNA
having a base seguence. coding for human inter leukin-2
to cause production and accumulation of human
interleukin-2 in.the culture broth and suhjecting‘the
thus obtained human interleukin-2-containing liquid to
a purification process comprising q.hydrophobic column
chromatography. ) -
2. A method according to claim 1, whérein the
hydrophobic column chromatography is a high performance
liquid chromatography using a reversed phase column.
3. A method according to claim 2, wherein the
chromatography is conducted by using an eluent of pH
1.5 to 8. ’
4. A method according to claim 2, wherein the

. chromatography is conducted under a flow rate of 0.1
to 100 ml/min.
5. A method according to claim 1, wherein the human
interleukin-2 is produced and accumulated in the grown
transformant cells and the human interleukin-2 is
extracted from the cells to obtain human interleukin-
2-containing liquid.
6. A method according to'claim 5, wherein the human

interleukin-2 is extracted with a solution of protein-

* [ L M s *

denaturing'agent.
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in a buffer of a protein denaturing agent such as guani di ne 'hydrochloride

(in a concentration of 2 Mto 8 M preferably 6 Mto 8M, and the
suspension is stirred, preferably at 0 - 5[ err]C for 0.5 =3 hotrs—and—

then centrifuged. The super- natant thus collected is, 1@ dibet or after
concentration wusing an ultrafiltration device or the |iKke, T n Replaced
dialysis. The resulting precipitate is renoved by centri - ,"" ” ’ '-

- 36 -

7. A method according to claim 6, wherein the

human interleukin-2 is extracted with a solution of

a guanidine salt in a concentration of 2 to 8 M.

8. A pharmaceutical composition which contains a
substantially pure non-glycosylated human interleukin-2
protein having a specific activity of not less than

4 U/mg and a pharmaceutically accepﬁable carrier,

10
vehicle or diluent therefor.
9. A composition according to claim 8, wherein the
human interleukin-2 protein has :a amino acid'sequence.
of the formula:
X-Ala Pro Thr Ser Ser Ser Thr Lys Lys Thr Gln Leu Gln
ieu Glu His Leu Leu Leu Asp Leu Gln Met Ile Leu Asn
Gly Ile Asn Asn Tyr Lys hsn Pro Lys Leu Thr Arg let

10 Leu Thr Fhe Lys Phe Tyr Met Pro Lys Lys Ala Thr Glu
Leu Lys ilis Leu Gln Cys Lcu Glu Glu Glu Leu Lys Pro
Leu Glu Glu VYal Leu Asn Leu Ala Gln Ser Lys Asn Phe

His Leu Arg Pro Arg Asp Leu Ile Ser Asn Ile Asn Val

Ile val Leu Glu Leu Lys Gly Ser Glu Thr Thr Phe Met

15 Cys Glu Tyr Ala Asp Glu Thr Ala Thr Ile val Glu Phe
Leu Asn Arg Trp Ile Thr Phe Cys Gln Ser 1le Ile Ser
Thr Leu Tir
wherein X is.Met or hydrogen.
10. A compusition according to claim & wherein the
human interleukin—~2 protein is in a lyophilized form;-

11. A composition according to claim 8, which is

* an injectable preparation.

LTI




frugation, the supernatant is subjected to anion exchange chromatography —
usi-ng di et hyl am noethyl cel |l ul ose [e.g. DE 52 cellulose (Watmn, G. o
Britain) colum] , for instance, and an active fraction is collected.

Then, after concentration using an ultrafiltration device, the active

- fraction is subjected to gel filtration

- 37 -

12, A method of producing a pharmaceutical

combosition containing a substantially pure non-
glycosylated human interleukin-2 protein having a specific
activity of not less than 104 U/mg, which comprises

admixing said protein with a pharmaceutically acceptable

carrier, vehicle or diluent therefor.

ThlS SheetHas. Been
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using N, N - net hyl enebi sacryl ami de- ctosslinked allyl dextran, such as a
Sephacryl S-200 (Pharmacia, Sweden)"colum, or the like. The active
fraction collected is then subjected :to the above-nentioned high
performance |iquid chromato- graphy. In this manner, the non-glycosyl ated
human | L-2

ABSTRACT

Title: HIGHLY PURIFIED PRUTEIN, PRODUCTION &¥D USE THEREOF

A substantially pure non-glycosylated human
interleukin-2 protein having a specific activity of not less
than 104 U/mg is obtained by growing a transformant
carrying a DNA having a base sequence. coding for human
interleukin-2 to cause production and accumulation of human
interleukin-2 in the culture broth, and subjecting the thus
obtained human interleukin-2-containing liquid to a

purification process comprising a hydropholic column

chromatcgraphy.

-
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- 9- ) prote| n according to the |nvent|on can be obt ai ned. As the
reversed phase systemto be used in hi gh -

1/7
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performance |iquid chromatography, resins coated with alkylated (CJerr])
silanes are effectively used anong others. As the eluent, a Cerr] |ower
al kanol (e.g. ethanol, propa- nol) or acetonitrile can advantageously be
used, and the eluent has a pH of 1.5-8, preferably 1.5-4. The rate of

elution is preferably 0.1-100 m/m n. The human IL-2 protein thus

obt ai ned can be turned . 2/7

l .
, > GGGGGGGGEGGGGGGGGATCACTCTCTTTAATCACTACTCACAGTAACC

S1
TCAACTCCTGCCACA ATG TAC AGG ATG CAA CTC CTG TCT T7GC

S20 1
ATT GCA CTA AGT CTT GCA CTT GIC ACA AAC AGT GCA CCT

ACT TCA AGT TCT ACA AAG AAA ACA CAG CTA CAA CTG GAG

20
CAT TTA CTG CTG GAT TTA CAG ATG ATT TTG AAT GGA ATT

. 40
AAT AAT TAC AAG AAT CCC AAA CTC ACC AGG ATG CTC ACA

TTT AAG TTT TAC ATG CCC AAG AAG GCC ACA GAA CTG AAA

' ' ) 60 .
CAT CTT CAG JGT CTA GAA GAA GAA CTC AAA CCT CTG GAG

: 80
GAA GTG CTA AAT TTA GCT CAA AGC AAA AAC TTT CAC TTA

AGA CCC AGG GAC TTA ATC AGC AAT ATC AAC GTA ATA GTT
100

CTG GAA CTA AAG GGA TCT GAA ACA ACA TTC ATG TGT GAA

TAT GCT GAT GAG ACA GCA ACC ATT GTA GAA TTT CTG AAC

120
AGA TGG ATT ACC TTT TGT CAA AGC ATC ATC TCA ACA CTG

133 . :
ACT TGA TAATTAAGTGCTTCCCACTTAAAACATATCAGGCCTTCTATTT

|
ATTTAAATATTTAAATTTTACCCCCCCCCccceee 3
. Thls Sheet Has Been Replaced’
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i it o.a powder by |yophilization as necessary. On the oc- casion of
| yophilization, a stabilizer such as sorbitol, nmannitol, dextrose,
mal t ose, glycerol or human serum al bum n (HSA) may be added. When
assayed for IL-2 activity using, as the index, the radioactive thym dine

upt ake by IL-2-dependent nouse

3/7

1
X-Ala Pro Thr Ser Ser Ser Thr Lys Lys Thr Gln Leu Gin

20
Leu Glu His Leu Leu Leu Asp Leu Gin Met Ile Lcu_Asn

Gly Ile Asn Asn Tyr Lys Asn Pro Lys Leu Thr Arg Met

40 . .
Leu Thr Phe Lys Phe Tyr Met Pro Lys Lys Ala .Thr Glu

60
Leu Lys His Leu GIn Cys Leu Glu Glu Glu Leu Lys Pro

Leu Glu Glu Val Leu Asn Leu Ala GIn Ser Lys Asn Phe

80
His Leu Arg Pro Arg Asp Leu Iie Ser Asn Ile Asn Val

100
Ile Val Leu Giu Leu Lys Gly Ser Glu Thr Thr Phe Met

Cys Glu Tyr Ala Asp Glu Thr Ala Thr Ile Val Glu Phe

) 120 -
Leu Asn Arg Trp Ile Thr Phe Cys Gln Ser Ile Ile Ser

133
Thr Leu Thr

Fig.3
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oells

t han

the human 1 L-2 protein obtained in accordance with
i nvertion shows a specific activity of not
accordance with the invention,

non-glycosylated human

t he present

less than 1 x 10[err] Ung. In
there can be obtained a highly pure,

IL-2 protein having a specific activity of not |ess
x 10[err] Ung and up to 4 x ygygwr] U ng. As nentioned

hereln the IL-2 activity in units (U

PstI

Clal cut
Pst I cut

Pstl

Fig .4

/CLaI

HgiAI cut

\ T4 DNA polymerase

clal linker addition

\
\ : (CGATAATGGCA)-
~ TATTACCGT

Cial cut
- PstI cut

_~ T4 DNA ligase
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was ‘cal gul ated in the fol | ow ng manner. Thus, an IL- 2 cont ai ni ng
sanpt e was added to a mediumcontaining cells of a nouse cell |inewhose

growt h depends on the concentration of IL-2, and the whole m xture was
i ncubated at 37[err] C overnight in the presence

577

Molecular weight

—=|=—02500
— |=—66200

T= |=-- 45000
- —=|—~-31000

&> |= - 21500

T2 o= |~— 14400

—

. non-glycosylated human Il-2 protein .
1. non-glcosyist (under non-reducing conditions)

2. non-glycosylated human IL-2 protein
(under non- reducing conditions)

3. molecular weight markers

Fig.D
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- '10_‘-:". of 5% CJerr], the gromh of said-cell line was det er ni ned
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u{"ﬁg?IFitiated thym di ne. For calculating the activity in units (Y
the’sanple in question, a standard IL-2 (1 Um) was al ways used for

in

conparison and said activity in units (U), was calculated fromthe activity

rati o between the sanple and the standard. More particularly,
of an IL-2-dependent nouse :
7
v
£ 207
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£
P
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-+l 15_
e
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T 6 101
+
52
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@ 51
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Fig.7
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Number of.viable cells
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- &e| I T#ne (NKC3) [Hi numa et al., Biochem Biophys. Res. Commun., %K1 o83
(1982)] mmintained by subculturing in 20% FCS-added RPM 1640 nedi um

suppl emented with an IL-2-containing conditfoned nediumat 37[err]C in the
presence of 5% CJerr], are washed twice with a serumfree RPM 1640

medi um and resus- pended in 20% FCS-added RPM 1640 nediumto 6 x 10[err]

cells/m. _ An | L-2-containing sanple is distributed, in 50-ul

-1 -

e et : i

HE F‘F A’J‘ D &H SG

Highly Purified Protein, Production and Use Thereof

This invention relates to a human interleukin-2 protein
and a method of producing the same by a genetic engineering

'- technique.

This Sheet Has Been Replaced
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portions, into the wells in the first row of a 96-well flat-bottoned
mcrotier plate (Nunc, Denmark). Using 50- [err]l pOLL4Ln§;4ﬁ_44Lé——————-
FCS-added RPM 1640 nedium a two fold seri&al dilution.is 4
the 12th row. Then the above NKC3 cell suspension is EF§§ ee d f
portions, into all the wells, followedby incubation at

Interleukin-2 [aiso called T cell growth factor
(TCGF); hereinafter abbreviated as IL-2] is a lymphokine
produced by T cells upon stimulation with a lectin or
alloantigen, for instance [Science, 193, 1007 (1976);
Immunological Reviews, 51, 257 (1980)]. IL-2 enables
long-period culture of T cells by allowing them to
grow in vitro while maintaining theif functions. Further-
more, IL-2 reportedly bromotes.the mitogen reaction of
thymus cells (costimulator), restores the antibody.production
by spleen cells against T cell-dependent antigens in nude
mice (T cell replacing factor) or promotes the differen-
tiation and proliferation of killer cells (killer Helper
factor) [The Journal of immunology, ;gg,'2928 (1979); Im-
munological Reviews, él, 257 (1980)].

Killer T cell clones, helper T cell clones ;nd,
further, natural killer cell clones have so far been
obtained in great numbers through the utilizatibn of IL-2
[e.g., Nature, 268, 154 (1977); The Journal of Immunology,
130, 981 (1983)]. In addition to such direct use in T cell
or natural killer cell cloning, IL-2 can be used in selec-
tively growing killer T cells specific to specialiantigens,
for example killer T cells whichreccgnise & tumor antigen and
destroy the tumor, in ﬁigzg. By injecting the tumor--
specific kiiler T cells'grown in this manner into an
animal, it is possible to inhibit and prevent the tumor growth

[{The Journal of Immunology, 125, 1904 (1980)]. It is also

This is the replacememnt shest
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‘37[err]Cin the presence of 5% CJerr] for 24 hours. After 20 hours of
i ncubation, 1 [err]C of tritiated thymdine (Arer- sham_ Geat Britain)

is added to each well. After con- tinued ifncubation for 4 hours, cells
were recovered onto a glass filter usidng a cell harvesfhig Shest Has B eplaced
measured for tritiated thynidine uptake.using a liquid || "” 'I I"

known that IL-2 induces the production of IFN-y [The Journal
of Immunology, 130, 1784 (1983)]1 and that IL-2 activates
natural killer cells [The Journal of Immunology, lég' 1970
(1983)1. | - -
The above experimental facts suggest that IL-2 may
possibly be useful aé.an-antitumor agent. 'Iﬂ42 is known
to restore the helper T cell function in nude mice lacking
thymic function [Europeén Journal of Immunology, 10,
719 (1980)] or restore the induction of killer T ceiia
against homblogous cells [Nature, 284, 278 (1980)] and,
therefore IL-2 can be expected to be useful in treating
immunocompromised diseases. ' |
However, large scale ﬁroductioﬁ of IL-Z_hés been
difficult so far, so that clinical abplications thereof are
impossible for the time being. Accordingly, a technique
which renders it possible to produce highly purified IL-2 in
large amounts, in an easy and simple manner and at-low
cost has been awaited. |
Taniguchi et al. cloned the human IL-2 gene by'using
IL-2 mRNA isolated from the human T celi leﬁkeﬁia iine_
Jurkat as the starting material, reported the amino
acid sequence of human IL-2 protein as dedﬁced therefrom
and expressed the gene in COS-7 cells [Nature, ggg,
305 (1983)]. Later, Devos et al. reported that the human
. spleen cell-derived IL-2 gene had been cloned and

expressed in Escherichia coli [Nucleic Acids

Research, 11, 4307 (1983)]. Nevertheless, so far, the

This is the replacament sheet
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scintillation counter. In carrying out the above assay,

*
.

Sheet Has Been Re|placed
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presence of an IL-2-like substance has been only estimated

on the basis of there being detected TCGF activity. There is
no accountreporting that a human IL-2 protein produced.
by a transformant carrying a DNA.coding for human IL-2 has
actually been isolated in a purified form.

The present inventors conducted intensive researches
in an attempt to develpbp a technique by which the desired
IL-2 protein can be obtained through cloning of the human

IL-2 gene utilizing the gene manipulation technology, in-

- troduction of the recombinant DNA molecule obtained into

a.host and expression of the human IL-2 gene in said host,

and as a result could establish a method of producing a

substantially pure, non-glycosylated human IL-2 protein and
have compieted the present invention.

Thus, the present 1nventlon provides a substantlall
pure, non-glycosylated human IL-2 protein and a method@ of
produciﬁg sai& human IL-2 protein which comprises cu1ti-
vating a transform;nt carrying a DNA having a base sequence
coding for human IL-2 and purifyiné said protein from the
culture broth. | |

The DNA coding for human IL-2 to be used in the
practice of the present invention is, for example, a
DNA (I) having the base sequence defined by codons 1-133
in Fig. 2. This DNA (I) may optionally have, at its 5°’
end, either ATG or a signal sequence represented in Fig.

2 by codons S1-S20 and prefefably has TAA, TGA or TAG,

This is the roplacement sheet
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a standard I1L-2 sanple is subjected to the sane
sanpl e to be assayedand the tritiated thynldlne

procedure, as with the
upt ake i s determned.
carried out by the probit

120, 2027 (1978). Thus, the

The cal cuTrﬁ$hmtldésB edty in units (U’ is
nmet hod acco urnal of _ lgmunol ogy,
maxi mum upt ndard IL25arrpIe dilution series is

most preferably TGA, at the 3' end.
Tﬁe DNA (I) is preferably connected downstream from a
promotef, for example the tryptophan (trp) promoter,
rec A promoter or AfPL promoter, suitably the trp or APL prométer.
In accordance with the invention, the mRNA coding
for human IL-2 is isolated from a culture of human peri-
pheral leukocytes stimulated by concanavalin A, fpr'in-
stance, then a single-stranded cDNA is synthesized using
reverse transcriptase, and further a double-stranded DNA
is synthesizgd. The DNA is inserted into a plasmid, the
recombinant plasmid is used for transformation qf a strain

of Escherichia coli or Bacillus subtilis, for example,

and the cDNA-contéining plésmid is cloned. 1In this
way, a double-stranded DRA coding for human IL-2 can be
produced.

More particularly, the human IL-2-encoding mRNA to be used.
in the practice of the invention can be obtained by the methoé of
Hinuma et al. [Biochemical and Biophysical Research Com-
munications, 109, 363 (1982)]. VWith the thus-obtained
human IL-2 mRNA as a2 template, a cDN:& is syﬁthesized
by the Egz se known method using reverse tramnscriptase,
and the c¢DNA is converted to 2 double-stranded DNA
[Maniatis, T. et al. Cell, 8, 163 (1976); Land, H. et. al.,

Nucleic Acids Research, 2, 2251 (1981)). This DNA is in-

serted, for example, into the plasmid pBR322 at the Pstl

restriction endonuclease cleavage site by the dG-dC homo-

This is the replacemert sheet
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regarded as 100% and the percentage (% of the uptake for each dilution

stage is calculated. The values thus obtained are plotted-on-a-nornal
probability paper and the dilution factor at’-which the e is 50%is

deter- nined graphically. Also for each IL-2-containing. eiliiii’rﬁnlriiiawd

dilution factor at which the uptake_ig 50%is deter-
polymer ligation method [Nelson, T. S., Methods in Enzy-

mology, 68, 41 (1979)], for instance. Furthermore, an
oligonucleotide having the base sequence corresponding to
the amino acid sequence of a part of human IL-2, for in-
stance, is chemically synthesized and theﬁ labeled with
32P. Using this as a probe, the desired clone is select-

ed from among tetracycline- or ampicillin-resistant
transformants by the per se known cblony hybridization

method {[{Grunstein, M. and Hogness; D. S., Proc. Natl. Acad.
Sci. USA, 72, 3961 (1975); Alwine, J. C. et al., Methods

in Enzymology, 68, 220 (1979)]. The presence of human-

IL-2 gene is confirmed by determination of thé base sequénce of

DNA derived from the clone reacting positively in the above
hybridization method, by the Maxam~Gilbert method [Maxam, A.M. et
al., Proc. Natl. Acad. Sci. USA, 7&, 580 (1§77)) or the
dinucleotide synthetic chain termination method using phage
M13 [Messing, J. et al., Nucleic Acids Research, 9, 309
(1981)]. Then, the whole, or part, of the human IL-2 gene
is excised from the clone obtained, and inserted into a
plasmid, downstream from an appropriate promoter and the
SD (Shine and Dalgarno) base sequence, for the subsequent
introduction into an appropriate host.

The use of the trp promoter, among others, as fhe promoter-

is advantageous. As the host, a2 strain of

Escherichia coli (e.g. strain 294, straiﬁ DH1, strain N4830),

among others, is used with advantace.
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mned in the sane manner. The anount of |L-2 acti vi ty comigsShetHidBddiRe lé

culture sunernatant after 48 hours .of incubation, at 37[er : g aced
presence of 5% CJerr], of a suspension of human peri pheral m&ﬂm,m’,”m

| ynphocytes (5 x 10[err] <cells/m) in 10% FCS-added RPM 1 :

suppl emented wth 40 ug/m of concanavalin A and.15 ng/m of 12-0-

tetradecanoyl phor b} 13- aget at BstfefebhNgdcasil YHA1 [Beckman et al.,

Proc. Natl. Acad. Sci. USA, 73, 4174 (1976)], E. coli
DH1 [Selson, M. E. et al., Nature, 217, 1110 (1968)) and
E. coli N4830 [Cell, 25, 713 (1981)] are known strains. .

. The transformation of such hostswith the DNA can be
performed by the known mefhod [Cohen, S. N.let al., Proc.
Natl. Acad. Sci. USA, 69, 2110 (1972)). The host thus
obtained is cultivated in a per se known medium, such as
glucose- and casamino acid-containing M9 medium [Miller,

J. Experiments in Molecular Genetics, pages 431-433 (Cold
Spring Harbor Laboratory, New York, 1972)]. In cases
where the trp promoter is used, an égent such as 3-B-
indolylacrylic acid may be added for increasing the effi-
ciency of said promoter. The cultivation is generally
carried out at 15-43°C fo: 3-24 hours, with aeration and/or
stirring as necessary.

in case where the APL promoter is used, the cultivation

is preferably carried out at a relatively low temperature of
aboﬁt 30 to 36°C to grow the transformants,and then, of about
37 to 42°C to inactivate the fepressor in the transformants
and to ¢fiective1y express the DRA coding for human IL-2.

. Human IL-2 thus formed can be aséayed ﬁsing an
IL-2-dependent cell line. Since human IL-2 is known to
promote the growth.of rat, mouse or other IL—Z—dependent
cells as well as human IL-2-dependent cells {Immunological'
Reviews, 51, 257 (1980)], not only IL-2-dependent human
cell lines,; but also rét_or mouse IL-2-dependent cell lines
may be used [Journal of Immunology, 130, 981 and 988

(19832)1]. ol
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The 1L-2 concentration (Umnm) of the sanple is cal- Cul at ed by t he
f or mul arhis. ShdetidasoBeehdieplaced or sanpl e at whi ch 50% upt ake i s attained

Di | ution fmmm““cmllmnrdard | L-2 sanpl e at “which 50% up-

take i s at
_8_

In particular, mouse IL;2-dependent cell lines can

be maintained stably by subculturing for a long period of

.time, so that their use can give highly reproducible assay
regults.
In extracﬁing the human IL-2 according to the inven-

tion from cultivated cells, the cells, after cultivation,

are harvested by the known method, suspended in a solution of
a protein denaturing agent.sucﬁ as a mineral acid salt of guahidine_(e.g.
hydrochloride, nitrate, sulfate), and the suspension is stirred in the cold
and then qentrifuged, whereby an IL-2-containing super-
natant is obtained, or the cells harvested are suspended

in a buffer and disrupted by sonication, lysozyme treat-

ment and/or freezing ahd thawing, followed by centrifuging

to give an IL-2-containing supernatant. Any other appro-
priate method may also be used.

The isolation of IL-2 from the zbove supernatant and

the subsequent purification of the same can be carried out

by an appropriate combination of per se known methods of
separatioﬁ and purification. Such known separation and
purification methods include, among others, methods utilizing
solubility differencess such 38s salting out methodsand solvent pre-
cipitation methods, methods utilizing molecular weight
differences in the main, such as dialysis, ultrafiltration, -
gel filtration and SDS-polyacrylamide gel électrophoresis,
methods utilizing charge differences, such as ion exchange
chromatography, methods utilizing specific'affinities,such as
.affinity chromatography, methods utilizing hydfophobicity
differences, such as reversed phase high performance iiquid
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- 12 - | The nat ur al IL 2 obt ai ned fromthe human peri pheral bl ood
had a specific activity of 20, 000-70, 000 U/rrg a Jhis Sheet Has ee"Reli,

s DA

chromatography, and methods utilizing isoeiectric point
differences, such as isoelectric focusing. Since the
human IL-2 protein is highly hydrophobic, hydrophobic
column chromatography, in particular high performance
liquid chromatography using a reversed phase column, is
very effgctive in purifying said protein.

Thus, for instance, the cells obtained by culti-

vating a strain of Escherichia coli carrying the gene

coding for human IL-2 are suspended in a solution, preferably
in a buffef of a protein denaturing agent, such as guanidine
hydrochloride (in a concentraticn of 2 M to 8 I, preferably
6 MtcgM), and . the suspension is stirred, preferablly at
0 - 5°C for 0.5 - 3 hours 5nd then centrifuged. The super-
natant thus collected is, as it is, or zfter concentration
using an ultrzfiltration device or the like, subjected to
dialysis. The resulting precipitate is removed by centri-
fugation, the supernatant is subjected to anion exchange
chromatography using diethylaminoethylcellulose [e.g. DE 52
cellulose (Whatman, Gt. Britain) column], for instance, and an
active fraction is collected.

Then, after concentration using an ultrafiltration
device, the active fraction is subjected to gel filtration
using N,N'-methylenebisacrylamide-crosslinked allyldextran,
such as a Sephacryl S5-200 (Pharmzcia, Sweden) column, or
the like. The active fraction collected is then subjected
to the above-mentioned high performance liquid chromato-
graphy. In this manner, the non-glycosvlated@ human IL-2
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determ ned by the above assay nethod. This activity 1s alnost equal to the
activity of the non-glycosylated human | L- ZhigiSheétiHas BeawRaplagdt o t he

present invention. The non-gl ycosyl at ed Mot ei n accordi ng
to the invention preferably conpri-sé$ the pol “havi ng the

am no acid sequence shown in Fig. 3 wherein rogen.

protein according to the invention can be obtained.
As the reversed phase system to be used in high

performance liquid chromatography, resins coated with

alkylated (C ) silanes are effectively used among others.

1-18
As the eluent, a 01_6 lower alkanol (e.g. ethanol, propa-
nol) or acetonitrile can'advantageously be used, and the
eluent has a pH of 1.5-8, preferably 1.5-4. The rate of elution
is preferably 0.1-100 ml/min.

The human IL-2 protein thus obtained can be turned
into a poﬁder by lyophilization as necessary. On the oc~
casion of lyophilization, a stabilizer such as sorbitol,
mannitol, dextrose, maltose, giycerol or human serum

- albumin (HSA) may be added.

When assayed for IL-2 activicty using, &s the index, )
the radioactive thymidine uvptake by IL-2-dependent mouse
cells, the human IL-2 protein obtained in accordance with
the present invention shows a specific activity of not
less than 1 x 10% U/nmg. In accordance with the invention,
there can be obtained a highly pure,'non-glycosylated human
IL-2 protein having a specific activity of not less than
2 % 10" U/mg ancd up to &4 x lOé.U/mg.

As mentioned herein, thé IL-Z activicy in pnits (o)
was calculated in the following maﬁner. |

Thus, an IL-2-containing sample was added to a

- medium containing cells of a mouse cell line whose growth

depends on the concentration of IL~2, and the whcle

mixture was incubated at 37°C overnight in the presence
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The human I—I:—Q——pr—et—el_n~pr_oﬂug_ed |n ‘accordance with the invention has the

fol | ow ng qﬂgr cteris I s honobgeneous i n SDS-pol yacryl am de ge
el ectro- ?ﬁiF ?P&d a nol ecul ar wet ght of 15,000 [err] 1,000

dal t ons as'd id electrophoresis; 2) It contains alanine or
nmet hi oni ne as m nal - 11 - . '

of 5% CO the growth of said-cell line was determined

27
using tritiated thymidiné._ For calculating the
activity in units (U) in the sample in question, a standard
IL-2 (1 U/ml) was always used for comparison and
saidactivitijlunits HU was calculated from the activity
ratio between the samﬁle ana the éfandard. |

More particularly, cells.of an IL-2-dependent mouse
cell line (NKC3) [Hinuma et al., Biochem. Biophys. Res. |
Commun., 109, 363 (1982)] maintained by subculturing in
207 FCS-adHed RPMI 1640 medium supplemented with an IL-2-containing
conditioned medium at 37°C in the presence of SZ CO,,are
washed twice with a scrum-free RPMI 1640 medium and resus-
pended in 207 FCS-added RPMI 1640 medium to 6 x 10° cells/ml.

An IL-2-containing sample is distributeé, in 50-ul
portions, into the wells in the first row of a 96-well
flat-bottomed microtiter plate (Nunc, Denmark).. Using 50-
ul portions of 207 FCS-added RPMI 1640 medium, a two fold
serial dilution is produced until the 12th row. Then
the above NKC3 cell suspension is distributed, in 50-ul

portions, into &ll the wells, followed by incubation at

~

37°C in the presence of 57 CO, for 24 hours. After 20

2
hours of incubation, 1 pCi of tritiasted thymidine (Amer-
sham, Great Britain) is added to each well. After con-

tinued incubatien for 4 hours, cells were recovered onto

"a glass filter using a cell harvester (Flow, USA) and

. measured for tritiated thymidine uptake using a liquid
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amino acid; 3) It contains threonine as the carboxy-term nar—amne—___
acid, 4) It has an activity of growng T cells or naturtmsshe kille

cell's while mai ntai ni ng their functions. *. The human I RGMamm
produced in accordance with the invention reacts negatlvel
| ysate test - 12 -

scintillation counter. In carrying out the #bove assay,

a standard IL-2 sample is subjected to the same procedure,
as with the sample to be aésayed,and the tritiated thymidine
uptake is determined. '

The calculation of the activity in units (U) is-
carried out by the probit metﬁdd according to the Journal of
Immunology, 120, 2027 (1978). Thus, the maximum.uftake'
in the standard IL-2 sample dilution series is
regarded as 100%, and the percentage (%) of the'uptake
for eacﬁ dilution stage is calculated. The values thus
obtained are plotted on a normal probability paper and
the dilution factor at which the uptaké iSJSOZ is deter-
mined graphically. Also for each IL-2-containing sample,
the dilution factor at which the uptake is 507 is deter-
mined in the same manner. The amount of IL-2 activity
conéained in the culture supernatant after 43 hours
of incubation, at 37°C in the presence of 57 COZ’ of a
suspension of human peripheral blood lymphocytes (5 x 106
cells/ml) in 10Z FCS-added RPMI 1640 medium supplemented
with 40 pg/ml of concanavalin A and 15 ng/ml of 12-0-
tetradecanoylphorbol;13-acetate is defined as 1 U/ml.

The IL-2 concentration (U/ml) of the sample is cal-
culated by the formula: |

Dilution factor for sample at which 507 uptake is attained

Dilution facror for standard IL-2 sample at which 507 up-
take is attained
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[ Haenostasis, 7, 183 (1978)] and is very lowin inpurity proteinsand
pyrogen contents, so that it can be used sa%cly as—a butk—subst ance for

manuf act uri ng i njections and so on. is Sheet Has Been Replaced

o |III|||II|| i

The natural IL-2 obtained from the human peripheral

Elood had a specific activiﬁy of 20,000-70,000 U/mg as
determined by the. above aséay method. This activity is
almost equal to the activity of the non-glycosylated human
IL-2 protein according to thé present invention.
The non-glycosylated humaﬁ IL-2 prbtein according to
the-invention'preferably compfises the polypeptide (11)
having the amino acid sgquence'sﬁown in Fig. 3 wherein.

X is Met or hydrogen.

The human IL-2 protein produced in accordance with
the invention has the following characteristics:

1) It is homogeneous in SDS-polyacrylamide gel electro—
phoresis and has a molecular weight of 15,000 + 1,000
daltons as determined by saic electrophoresis;

2) 1t contains alanine or methionine as the amino-términal
amino acid;

3) It contains threonine as the carboxy-terminal amino
acid;

4) It has anactivity of growing T cells or natural
killer cells while maintaining their functions.

The human IL-2 protein produced in accordance with
the invention reacts negativelyinthelﬁﬂmlus lysate test
[Haemostasis; 7, 183 (1978)] and is very low in impurity
proteinsand pyrogen contents, so that it can,be'used

safely as a bulk substance for manufacturing injections

and so on.
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normal T cethisSKeet Has Been Replaced
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- 14 -

The non-glycosylated human IL-2 protein obtained in
accordance with the invention has
an acti#ity of promoting the gro&th of normal T cells or
natural killer cells while maintaining their functions.
Therefore, the IL-2 protein according to the invention can
be used in growing and subculturing T cells or natural
killer cells in vitro for a long period of time or cloning
the same. Moreover, this-propefty can be utilized in
human IL-Z activity measurement.

Furthermbre, the human IL-2 protein of the invention
makes it possible to grow selectively antigen-specific
killer T cells, which recognize and destruct tumor antigens,
or natural killer cells, which are capable of killing
tumor cells irrespective of the presence,or absence,of
an experience of antigenic-seﬁsitization, in vitro. When
inoculated into a living organism simultanecusly with the
introduction of said killer cells into the living organism,
the human IL-2 of the present invention increases the anti-
tumor effect of killer T cells. Therefore, it can be used
for the prevention or treatment of tumors,or the treatment
of immunodeficiency diseases,in warm-bloodeé animals (e.g.
mouse, rat, rabbit, dog, cat, pig, horse, sheep, cartle,
human) .

The human IL-2 protein according to the invention
is a highly purified pfoduct, has little antigenicity for
humans and is low in toxicity,
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natural killer cells while maintaining the|r functlons Therefore

| L-2 protein according to the invention can: =t and
subculturlng T cells or natural k|ILei ceIIs [ i Iong period -of
time or cloning the same. Moreover, RIS pro o ilized in

human |1 L-2 activity measurenent.

As an agent for the prevention and treatment of
tumors, the human IL-2 protein of the inventiop can be
administered either parenterally or orally in the form of,
for example, injections or capsules prepared by appro-
priate blending or dilution with a per se known carrier.
It cén be used either alone or in combination with killer
T cells or natural killer cells grown in vitro, as mention-
ed hereinbefore.

The human IL-2 protein according to the invention
has'substéntially the same biological activity as the -
natural human IL-2 and accordingly can be
ﬁsed in the same manner as said natural one. Its dieso-
ciation constant in felation to the IL-2 receptor of the
responding celis is very small, so that a very smalldose
is sufficient in most cases.

For the purpose of growing T cells in wvitro, the
human IL-2 of the invention can be added to the medium
in a concentration of about 0.01-1 u/ml, preferably
about 0.1-0.5 u/ml. |

In an example of the use for the purpose of growing
T cells in vitro, the IL-2 protein of the invention is
added, to a concentration of 0.1-0.5 unit/ml, to a cell
suspension containing, for example,'alloantigen—sensitized
T_celis obtained by 3-day mixed lymphocyte culture of
human peripheral blood-derived T cells (1 =x 106 cells/ml),

with B cell transformants (1 x 10® cells/ml) resulting from

X ray irradiation (1,500 rads) added, in RPMI 1640 medium
This is the ropiacsmert sheet
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Furthernore, the human |l-2 protein of the invention nakes it possible to

grow sel ectively antlgen speC|f|c kil'ler T cells, which recognize and
déstruct tTh&ﬁ Replagednat ural killer &ells, which are capabl e of
killing tu I ectlve of the presence, or absence, of an
experience o 1sitization, in vitro. Wen inoculated into a
l'iving organlsn13|nultaneously wth the 16 -

containing 207 of fetal bovine serum. Cultivation is con-
tinued for about 1 month while repeating medium exchange
_at about one-week intervals. -

The transformant disclosed in the following examples,

namely Escherichia coli DH1/pTF4, has been deposited at the

Institute for permentation, Osaka (IFO)} under the deposit
number IFO0-14299, and also deéosited at the Fermentation Research
Institute, Agency of Industr iai Science and Technology, Ministy of
International Trade and Industry, Japan (FRI) under the accession
number of FERM BP-628 of a deposit under the Budapest Treaty.

In the present specification and drawings, the bases
and amino acids, when indicated by abbreviations, are ébf
breviated according to the rules of the IUPAC-IUB Commission
on Biochemical Nomenclature or the practice in the field
concerned. Examples are éhown in Table 1. In case oﬁtical_
isomerism is involved, the zmino acids mentioned are in the

L form unless otherwise specifically indicated.

Table 1
DNA: Deoxyribonucleic acid
cDNA: Complementary deoxyribonucleic acid
A: Adenine
T: Thymine
G: Guanine
C: Cytosine
RNA: Ribonucleic acid
mRNA : Messenger ribonucleic acid
dATP: Deoxyadenosiné triphosphate
dTTP: Deoxythymidine triphosphate
dGTP: | Deoxyguanosine triphosphate
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i ntroduction of said killer cells into the living organism the human |L-2
cof the present invention -neeeases the anti- tunmor effect of killer T
cells. Therefore it can ijsed for the prevention or treatnent of

tunors, orTW mrunodefi ci ency di seases, in warm bl ooded
anlnals (e.qg. l l ‘

rabbit, dog, Tat. pig,-horse, sheep, cattle,

Table 1 (continued)

ATP: Adenosine triphosphate
EDTA: Ethylenediaminetetraacetic acid
SDS: Sodium dodecyl sulfate
| Gly: Glycine
Ala: Alanine
Val: Valine
Leu: Leucine
Ile: Isoleucine
Ser: Serine
Thr: Threonine
Cys: Cysteine

1/2 Cys: Half cystine

Met: _ Methionine
Glu: Glutamic aeid.
Asp: Aspartic acid
Lys: Lysine

Arg: - Arginine

His: Histidine
Phe: Phenylalanine
Tyr: Tyrosine

Tfp: Tryptophan
Pro: Proline

Asn: Asparagine
Gln: Glutamine

This is the replacement sheet

Date: -~ 3 DEC 1936



human) . . The hunmen |L-2 protein according to the invention TS a
hi'ghly pur| fied product, has little anti genl city for Tﬁ]yg’ﬁé'g@HgQgeénsR

At AR l||l

- 18 -

Brief Description of the D;awjngs

Fig. 1 and Fig. 2 show the restriction enzyme map
of the plasmid pILOT135-8 obtained in Referehce Example 1 (vii)
(r—= indicatiﬁg the portion coding for the signal peptide
.and'-‘.'f"""___; indiclating the portion coding for IL-2) and the
primary scrucﬁure (base sequence) of said plasmid, res-
'pectively. Fig. 3 shows the amino acid sequence of the
non-glycosylated human IL-2 protein according to the inven-
tion, wherein X is Met or a hydrogen atom . Fig. &4 shows
‘the scheme of constructing the expression plasmid pTFl»"
as taken in Reference Example 2. Fig. 5 shows the results of ‘dﬁe
SDS-polyacrylamide slab gel electrophoreses performed in
Example 1(V) (1) ahd .(2),. Fig. 6 the trypsin digestion peptide
map mentioned in Example 1 (V) (6}, and Fig. 7 and Fig. 8 the
éff.ects of the human IL-2 protein according to the invention
on the uptake of tritiated thymidine by the NKC3 cell line
and human cell line, respectively, as revealed in Example
1(v) (7).Fig. 9 shows the results of the long-period sub-

culturing of the NKC3 cell line conducted in Example 1(V} (7).
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parentera
prepared b

—As—an—agent—Ffor t he prevention and treatnent of tunors, the

Sﬂgé}tl.fggge nvent ion can be adm nistered either
he f0rW10f, for &xanple, injections or capsules
- 19 - '

. Reference  Example 1

(i) Isoiation of mRNA coding for human IL-2 | _
Lymphocytes prepared from the human peripherél blood

were incubated in RPMI 16&0 medium supplemented with 10% fetal

bovine serum, l2-0-tetfadecahdylphorbol—13—

acetate (TPA) (15 ng/nl) and concanavalin A (40 ug/ml) at

37°C to thereby induce IL-2. After 24 hours of iqcubation,

1 x 1010 human lymphocytes thus induced were disrupted.and

denatured in a éolution_containing 5 M guanidine thio-

éyanate, 5% mércaptoethanol, 50 mM Tris-HCl (pH 7.6) and

10 mM EDTA using a Teflon homogenizer, then sodium N-.

lauroylsarcosinate was added to a concentration of 47, and

the mixture, after homogenization, was layered onto 6 ml

of 5.7 M cesium chloride solution (5.7 M cesium chloride,

1 M EDTA) and centrifuged using a Beckman SW28 rotor at

24,000 rpm and 15°C for 48 hours, to give an ﬁNA precipi-

tate. This RNA precipitate was dissolved in 0.25Z sodium,

N-lauroylsarcosinate and precipitated with ethanol to give

10 mg of RNA. In a high-concentration salt solution (0.5

M NaCl, 10 mM Tris-HCl pH 7.6, 1 =M EDTA, 0.37 SDS), this

RNA was adsorbed on an oligong)cellulose column. Elution
with a low-concentration salt solution (10 mM Tris-HCl pH
7.6, 1 mM EDTA, 0.3%Z SDS) gave 300 ug of poly(A)-containing
'mRNA. This mRNA was further subjected to precipitation
'with ethanol, then dissolved in 0.2 ml of a solution (10

mM Tris.HC1 pH 7.6, 2mM EDTA, 0.3% SDS), treated at 65°C
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priate blending or dilution with a per se knewn—ear+i-er~——+t can be used
ei ther alone or in conbination with killer '}mg%ﬂs r natural killer cells

grown in vitro, as nention- ed hereinbefore. e Acedl -2 protein
according to the invention has subst ant [ aI I y tHllmH ' ical activity
as the =

for 2 minutes and fractionated by 10-35% sucrose dehsity
| gradient centrifugation (at 20°C and 25,000 rpm for 21

hours using a Beckman 5128 rotor) into 22 fractions. An

aliguot of each fraction was injected into oocytes of

Xenopus laevis and the IL-2 activity in proteins thus

synthesized was measured. Fractions Nos. 11-15 (sedimen-
tation coefficient 8S-15S) were found to have IL-2 activ-
ity. About 25 ug of IL-2 mRNA was contained in these
fractions.. |

(ii) Synthesis of single-stranded'DNA

Using the mRNA obtained above and reverse transcrip-

tase, incubation was carried out in 100 pl of reaction solu-
tion (5 ug of mRNA, 50 pg of oligo(dT), 100 units of reve:se.
transcriptase, 1 mM dATp, 1 md 4dCTP, 1 mM d4GIP, 1lmM dTTP,

8 mM MgClz, 50 =4 KC1, 10 mM dithiothreitol, 50 mM Tris-HCLl
pH 8.3) at 42°C for 1 hour, followed by deproteinization
with phenol and treatment with 0.1 N NaOH at 70°C for 20
minutes for removal of RNA by decomposiﬁion.

(iii) Synthesis of double-stranded DNA

A doUble-stranded DNA was synthesized by treating

the thus-synthesized single-stranded complementary DNA in

50 ul of a reaction solution (the éamé as the above-mentioned
reaction solution excépt that the mRNA and oligo(dT) were
absent) at 42°C for 2 hours.
 (iv) Addition of dC tail

This double-stranded DNA was treated with nuclease
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nat ural human IL 2 and accordingly can be wused in the sane manner as said

nat ur al I Sso- ciation constant in relation to the IL-2 receptor
of the ¢ ﬁ@ﬂﬁbﬁlgeé}ﬁkéﬁa%@ very small, so that a very small dose is
suff|C|ent For 23 purpose of growing T cells in
vitro, e“mm f the inventiofi'can be added to the nedi um

Sllin 50 ul of a reaction solution (double-stranded DNA,

0.1 M sodium acetate pH 4.5, 0.25 M NaCl, 1.5 mM ZnSO,,

60 units of S1 nuclease) at room temperature for 30 minutes,
followed by deproteinization with phenol and DNA precipita-
tion ﬁith ethanol. The DNA was treated with_terminal
transferasé ih 50 ul of a reaction solution (doﬁble-stranded
DNA, '0.14 M potassium cacodylate, 0.3 M Tris (base)-pH 7.6,

2 mM dlthlothreltol 1 mM CoCl 0.15 mM dCTP, 30 units of

2
terminal transferase) at 37°C for 3 minutes to thereby
cause‘extenéion of the double-stranded DNA by about 15 °
deoxycytidines at both the 3' ends. This series of rgactions
gave about 300 ng of a deoxycytidine chain-containing double-
stranded DRNA.

(v) Cleavage of Escherichie co plcsmld and addition of

éG teil

' Separately, 10 upg of Escherichia coli plasmid pBR322

DNA was treated with the restriction enzyme PstIl in 50 ul
of a reaction solution (10 rg of DNA, 50 mM NaCl, 6 mM

Tris-HC1 pH 7.4, 6 mM MgCl,, 6 mM 2-mercaptoethanol, 100

2
pg/ml bovine serum zlbumin, 20 units of PstI) at 37°C for
3 hours to thereby .cleave the one Pstl recognition site

occurring in the pBR322 DKA, followed by deproteinization
with phenol. The cleaved plasmid pBR322 DRA was extended
by about 17 deoxyguaninés at both the 3' ends by tréating

with terminal transierase in 50 ul of a reaction solution

(10 ug of DNA, 0.14 M potassium cacodylate, 0.3 M Tris base
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in a concentration of about 0.01-1 Wnl, preferably about—01-0-5—u/m-
In an exanple of the use for the purpose of growwing T ceIIs |n I tro,

1L-2 protein of the invention is added, to-a concentratiG¥ s e %“m
unit/m, to a cell suspension containing, for exanple, II
al l oanti gen-sensitized - 22 - :

pH 7.6, 2 mM dithiothreitol, 1 mM CoClz. 0.15 mM GTP, 30
units of terminal transferase) at 37°C for 3 minutes.

(vi) Annealing of cDNA and transformation of Escherichia

coli

The thus-obtained synthetic double-stranded bNA (0.1
ug) and 0.5 ug of the above-mentioned plasmid pBR322 were
annealed,by heating in a solution containing 0.1 M'NaCI,
50 mM Tris-HC1l pH 7.6 and 1 mM EDTA at 65°C for 2 minutes
and then at 45°C for 2 hours followed by gradual cooling,

and the product was used for transformation of Escherichia

coli MM294 in accordance with the method of Enea et al. [J.
Mol. Biol., 96, 495 (1975)1].
(vii) Isolation of cDNA-containing plasmid

In this way, ebout 20, 000 tetracycline-resistant trans;
formants were isolated. DNAs of each of them were fixed
on a nitrocellulose filter. Based on the amino acid seguence
oi IL-2 reported by Taniguchi et al. [Nature, 302, 305 (1983)], the
camplementary oligeonucleotides of base seguences (S‘AAA CAT CIT CAG TGT3' and
5'AC»‘a. TTC.ATG TGT GAAS‘) correponding to amino acids Nos.
74-78 (Lys-His-Leu-Cln-Cys) and amino acids Wos, 122-126
(Thr-Phe-Het-Cys-Glu), respectively, were chemically syn-
thesized by the phospﬁotriester method [Crea, R. et al.,
Proc. Natl. Acad. Sci. USA, 75, 5765 (1978)].

32

These oligonucleotides were labeled with ~“P at the

5' .end by treatment with T4 polynucleotide kinase in 50 ul

of a reactio{ solution (0.20 ug of oligonucleotide, 50 mM
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T cells obtained by 3-day m xed | ynphocyte CUTrure—of——huﬁaﬁ—ﬁeripheral

bl ood-derived T cells (1 x 10[err] cells/m s spedithB sfornants (1
x 10[err] cells/m) resulting from X ray irra ds) added,
L e, i

Tris-HCl1 pH 8.0, 10-mM Mg012, 10 mM 2- mercaptoethanol, 50

uCi of Y-SZP ATP, 3 units of T4 polynucleotide kinase) at
37°C for 1 hour. These labeled oligonucleotides, as probes,
were'anngaled with the above-mentioned DNAs fixed on nitro-
cellulose filter by the method of Lawn et alf [Nucteic

Acids Res., 9, 6103 (1981)]. Four transformants reactive to the
above two oligonucleotide probes were detected by autoradio-
graphy. The plasmid DNA was isélated from cells of each

of these transformants by the Birnboim-Doly alkali method |[Birn-
boim, H. C. & Doly, J., Nucleic Acids Res., 7, 1513 (1979)).
Then the insert in the plasmid DNA was cut out using the
restriction enzyme PstI. From among the plasmids isolated,
the one containing the longest insert fragment was selected and named
pILOT 135-8. The restriction enzyme map of this plasmid is
shown in Fig. 1.

The primary structure (base sequence) of the cDNA
inserted in this'pILOT 135-8 was determined by the diaeoxy-
nucleotide method and the Maxam-Gilbert method. The primary
structure thus determined is shown in Fig. 2. The peptidg
defined by this base sequence consists of 153 amino acids,
starting with the synthesis start signal (Nos. 64-66 ATG).
O0f these, the 20 amino acids from the N-terminal are con-
sidered to constitute a éignal peptide. The above primary
structure has revealed that this plasmid has the whole base
sequence coding for the human IL-2 protein. This fact in-.

.dicates that insertion of the gene inserted in said plasmid

This is the replacement sheet
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- 15 - containing 20% of fetal bovine serum Cultivation is con- tinued
for about 1 nonth while repeating nedlun1exchange at about one-week
s.|This Sheet Has:Been Replacec :

into an appropriate expression plasmid can lead to production

- 24 -

of an optional polypeptide portion of the IL-2 protein.

Reference Example 2

The plasmid pILOT135-8 obtained in Reference Examole 1 was
cleaved with the restriction eﬁzyme HgiAl. The thus-obtained
1294 bp DNA fragment contéining the IL-2 gene was treated
with T4 DNA polymerase, joined with the Clal linker CGATA ATG
GCA, which contained the codon GCA for alanine and the codon
ATG for methionine, and the product was treated with Clal
and Pstl, followgd by insértion into ptrp771 at the Clal-
Pstl site. The expression plasmid thus obtained was named
pTF4 (Fig. 4).

‘Reference Example 3

‘Escherichia coli DH1 was transformed with the plasmid-

pTF4 obtained in Reference Example 2 in accordance with the method
of Cohen et al. [Proc. Natl. Acad. Sci. USA, 69, 2110

(1972)] to obtain a transformant (Escherichisa

coli DH1/pTF4) carrying said plasmid.

Example 1
(1) E. coli DH1/pTF4 (obtained in Reference Exarple 3) was inoculated
into 50 ml of a liquid medium (pH 7.0) containing 1% Bacto
tryptone (Difco Laborat.ories, usa), 0.5% P;acto yedst extract
(Difco Laboratories, USA), 0.5% sodium chloride and 7 ug/ml
tetracycline as placed in a 250-ml Zrlenmeyer flask. After
incubation at 37°C overnight on a swing rotor, the culture

‘medium  was transferred to a 5-liter jar fermenter containing

This is the replacament sheet
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The transformant disclosed in the foll ow ng exanples, nanely Escherichia
coli DH /pTF4, has been deposited at the Institute for ‘Fernentation, Osaka
(I FO under the deposit nunber |FO 14 209, ahd al so deposited at the
Fernmentati on Research Institute, Agency of Industrial Science and

Technol ogy, Mnisty of International Trade and Industry, Japan (FRI) under
the accession nunber of FERM BP-628 of,a deposit under the Budapest

Treaty.

2.5 liters of M9 medium containing 0.57 casamino acids, 0.5%
glucose and 7 ug/ml tetracycline. . Incubation was then con-
ducted with aeration and stirring at 37°C_for 4 hours and,
after addition of 3-B-indolylacrylic acid (25 ug/ml), for a
further 4 hours. Cells were harvested from the thus-obtained
2.5-1liter culture broth by centrifuging, frozen at -80°C

and stored.

(ii) The freeze-stored cells (12.1 g) obtained in Example
1(i) were sﬁspended in 100 ml of an extractant (pH

'7.0) containing 7 M guanidine hydrochloride and 0.1 M
Tris-HCl, the suspension was stirred at 4°C for 1 hour and
the lysate was centrifuged at 28,000 x g for 20 minutes

to obtain 93 ml of a supernatant.

-{iii) Separately, various procedures were conducted to
extract IL-2 from the transformant E; coli DH1/pTF4 cells
obtained by the method of Example 1(i) to compare the

respective extraction efficiencies.

Sheet Has Been Replaced
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the | UPAC-1 UB Conmi ssion on Biochenical Nomwenclature or the
the field concerned. Exanples are shown in Table 1. In.case
i sonerismis involved, the am no acizds-nmentioned-are in. the

In the present_ specification and draw ngs, the bases and g S,
I ndi cat ed by abbreviations, are ab- breviated according to Wm

In a 1lysozyme-EDTA method, 2 g of E. coli DH1l/pTF4 .
cells obtained in Example 1(i) were mixed with 16 ml of a
‘colution (pH7.0) containing 0.1 .M Tris-HC1, 10 mM EDTA and
25b'mg/1 lysozyme, the mixture was stirred at 4°C for
1 hour; and subsegently at 37°C for 5 minutes, and the lysate
was centrifuged at 28,000 x g for 20 minutes.

In '@ sonication method, 2 g of the cells mentioned
above were suspended in 16 ml of & solution (pH7.0) con-
taining 0.1 M Tris-HCl, the suspension was subjected to
sonication at 0°C for 5 minutes and the lysate was |
centrifuged at 28,000 x g for 20 minutes.

In a guanidine-HCl method, 2 g of the cells mentioned
above were mixed with 16 ml of solutions (pH7.0) contain-
ing 0.1 M Tris-HCl and 2M, 4M or M guaniding-HCl, the

mixtures were stirred at 4°C for 1 hcur anéd the lysates

V\:h en
eplaced

i

were centrifuged at 28,000 x ¢ for 20 minutes. Supernatant fluids thus

obtained were used for the measurements of protein concen-
tration and IL-2 activityv.
The results are summarized in Table 2.

Table 2. Extraction of IL-2

Extracticon Protein IL-2 activity Relative
procedure concentration in the extract ratio

(mg/ml) (G/ml) (%)
Lysozyme-EDTA 5.40 3.3 0.02
Sonication 6.54 ) 2.2 0.01
2M Gu-HCl 2.60 46 0.2
4M Gu-HCl 4.12 144 - 0.8.
M Gu-HC1 7.22 19100 100

Gu-HCl: guanidine hydrochloride

This is the replacement sheet
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L' form unl ess ot herwi se specificall y i ndi cat ed.

Table 1 DINA: Deoxyr i bonucl ei ¢ aci d " CDNA: o
Conpl enment ary deoxyri bonucleic acid. Al ~Adeni ne T:
Thym ne G Guani ne ' '

- 27 -

(iv) .The' supernatant fluid obtained in Example 1(ii) was dialyzed
against 0.01 M Tris-HCl buffer (pH 8.5) and thén centrifuged

at 19,000 x g for 10 minutes to gifle 94 ml of a dialyzed
supernatant fluid. This was applied to

a DE 52 (DEAE-cellulose, Whatman, Great Britain) column

(50 ‘ml in volume) equilibrated with 0.01 M Tris-HCl buffer
~(pH 8.3) for protein adsorption. Proteins were eluted with

a linear NaCl concentration gradient (O-O.IIS_M NaCl, 1 liter).
The active fractions (53 mly obtained were concentrated to 4.8 ml
using a YM-5 membrane (Amicon, USA) and subjected to gel

filtration using a Sephacryl S-200 (Pharmacia, Sweden)

column (500 ml in volume) équi liprated with 0.1 M Tris "HCL

This Sheet Has Been Repl
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C. Cyt osi ne RNA: Ri bonucl eic acid MRNA

Messenger ribonucleic acid dATP: Deoxyaden05|ne*L||puuap rate
dTTP: Deoxyt hym di ne trlphosphate “-dGTP: De
tri phosphat e T PFHG SALal Been Replac

(pH 8.0)-1 M NaCl buffer. The active fractions (28 ml)
obtained were concentrated to 2.5 mllusing a Yi-5 membrane.
The conéentrate was applied to an Ultrapore RPSC (Altex,
USA) column for adsoprtion, and high performance liquid
chromatography was performéd using a trifluoroacetic acid-
acetonitrile system as the mobile phase,

The conditions used: column, Ultrapore RPSC (4.6 x
75 mm); column temperature, 30°C; solvent A, 0.1% trifiuoro—
acetic acid-99.9% water; solvent B, 0.1% trifluoroacetic acid-
99.9%Z acetonitrile; elution program, minute 0 (68% A + 32%

B) - minute 25 (55%Z A + 457 B) - minute 35 (457 A + 557 B) -
minute 45 (30%Z A + 70% B) - minute 48 (1007 B); elution rate,
0.8 ml/min.; detection wave length, 230 nm. An active fraction
was collected azt a retention time of about 39 minutes.

Thus was obtained 10 ml of a solution containing 0.53 mg of
non-glyvcosylated human IL-2 protein fspecific activity, 30,000
U/mg; activity recovery from the starting material, 30.6%
purlty of protein, 99% (deterﬁlned by densitometry on an SDS-
polyacrylamide gel clectrophorogram)}.

Lyophilization of the akove solution gave a white
pqwder. The powder had a specific activity of 26,000 U/mg.
(V) The human IL-2 protein obtazined in Example 1 (iv) was
examined for the following properties

(1) Homogeneity:

Staining with Coomassie Brilliant Blue following SDS-

polyacrylamide gel electrophoresis according to Laemmli

This is the replacement sheet
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et al. [Nature, 227, 680 (1970)]1 revealed only a single band
of said human IL-2 protein (cf. Fig. 5). The location of
thé band remained unchanged'undgr reducing conditions as
well as under non-reducing cdnditions.
(2) .Molecular weight:

The molecular weight of said human IL-2 protein was
calculated to be about 15,000 daltons based on the result

of SDS-polyacrylamide gel electrophoresié (cf. Fig. 5).

- (3) Amino acid composition:

A 20-ug portion of said human IL-2 protein was placed
in a glass test tube for hydrolysis, constant boilin§
hydrochloric acid containing 4% thioglycolic acid was added,
the tube was then sealed in vacuo and hydrolysis was perfommed at 110°C
for 24, 48 or 72 hours. After hydrolysis, the.cube was
opened, the hydrochloric écid was removed under reduced
pressure, and the residue was dissolved in 0.02 K hydro-
chloric acid and subjected to amino acid analysis using a
Hitachi model 835 amino acid analyzerxr. For determination
of cystine and cysteine, said human IL-2 proteiﬁ was oxi- .
dized with performic acid by the method of Hirs {Methods
in Enzymol., 11, 197 (1967)}.followed by hydrolysis in
constant boiling hydrochloric acid under reduced pressure
for 24 hours. The hydrolysate was subjected to cysteic

acid determination using an amino acid analyzer. The

‘results obtained by the above amino acid analyses are shown

"in Table 3. The values are each the mean of three values

This is the replacement sheet

Date: - 3 DEC 1496



Table 1 (continued) ATP: Adenosi ne triphosphate EDTA: :
Ethylened|an%neLeLLaageLLg_agpd_ SDS: Sodi um dodecyl sulfate Qy:

dycine Al a; ne _Val: ; - Valine °-
y This Sheet Has Been Replace

- 30-

respectively obtained after 24, 48 and 72 hours of hydro-
lysis except for the values for serine and threonine which |

were determined by extrapolation to zero time of hydro--

lysis.
| Table 3

Amino acid Mole 7%
Asp/Asn : 8.8
Thr : _ 9.3
Ser 5.7
Glu/Gln 13.7
Pro 3.4
Gly 1.7.
Ala 3.8
1/2 Cys | 2.3
Val 3.1
Met | 3.7
Ile 6.3
Leu ) 16.3
Tyr | 2.3
Phe 4.5
Lys | _ 8.3
His _ 2.5
Arg 3;1
Trp 1.1

This is the raplacement sheet
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Leu:

Q_{s:

Leucine Ile: | sol euci ne Ser: Serine Thr: Thr eoni ne
Cysteine 1/2 Cys: Half cystine '

Thls Sheet Has Been ReIp

= [

(4) N-Terminal amino acid Sequence:

A 34-ug portion of said human Il-2 protein was ana-
‘lyzed for the N-terminal amino acid sequence by applying
thereto an automatic Edman degradation method using a
gas-phase protein sequenator (model 470A, Applied Biosystems,
USA). Phenylthiohydantoin-amino acids (PTH-amino acids)
were identified by high performance liquid chromatography
using a Micropak-SP coclumn (Varian, USA). The. PTH- |

amino acid or acids detected in each step are shown in

Table 4.
Table 4
Step PTH-amino acid detected
1 . ' Ala
vlet
2 Pro
Ala
3 | ' Thr
Pro
4 Ser
| Thr
5 Ser
6 Ser
7 Thr
8 Lys -
9 Lys

This is the replacement sheet
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Met :
Lysi ne

Met hi onine Q@ u: Qutamc acid Asp: Aspartic aeci-d Lys:

ArQ: Arginine His: Histidine Phe Phenyl al ani ne

Sheet Has Been Replaced
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Table 4 (continued)

Step PTH-amino acid detected

10 : Thr
1 - Gln
12 . Leu
13 : Gln
14 Leu
15 Glu
16 Y*
17 Leu
18 _ _ Leu
19 | ~ Leu
20 Asp

* Not yet idencified.
(5) C-Terminal zmino acid:
A 33-ug portion of said human IL-2 protein was placed
in a glass test tube for hydrazine degradation, 0.05 ml
of anhydrous hydrzzine was added and the tube was sealed

in vacuo and heatecd at 100°C for 6 hours. The hydrazine degradatics

product obtained was lyophilized and dissolved in distil-
led water. Benzzldehyde was added to the solution, the
mixture was stirred at room temperature for 1 hour and then

centrifuged. The agueous laver thus obtained was lyophilized

‘and subjected to amino acid znalysis using a Hitachi model

835 amino acid analyzer. Threonine alone was detected.

This is the reptacemst sheet
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Tyr: Tyrosine Trp: ~ Tryptophan Pro: = Proline Asn:
Asparagi ne @dn: A ut am ne
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A 15-ug portion of said IL-2 sample was digested

(6) Tryptic peptide mapping

with 0.4 ug of trypsin (Washington, USA) in 120 pl of
0.02 M sodium hydrogen carbonate at 37°C for.18 hours.
Then, 5 ul of 2-mercaptoethanol was added and the reaction
was continued at 37°C for a further 2 hours. Thereafter,
the reaction was terminated by addition of 75 ul of 17
trifluoroacetic acid. High performance liquid chromato-
graphy of the reaction mixture, which was performed under
the conditions given beloﬁ, gave a map shown in Fig. 6..
Column: Ultrasphere-Octyl (5 pym, 4.6 x 250 mm; Altex, USA):
.Coiumn temperature: 30°C;
Mobile ﬁhase:

| Solvent A, 0.027 trifluorocacetic acid-99.98% water;

Solvent B, 0.027% trifuloroacetic acid-99.98% aceto-

nitrile;
Minute 0 (957 solvent Ao + SZ'solvent B} - minute

40 (307 solvent A + 707 solvent B);

Flow rate: 1.0 ml/minute; |
Detection: Fluorescence method (Analytical Biochem., 67,

438 (1975)] using fluofescamine (Roche, USA).
(7) Activity against IL-2-~dependent cell lines

Assay of the non- glvcosylated human IL-2 protein ac-
cording to the invention,in accordance with
the method described in Biochem. Biophys. Res. Commun., 109,

363 (1982),revealed that said IL-2 protein had an activity

This is the repiacemernt sheet
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Brief Description of the Draw ngs

.. This Sheet Has Been Replaced
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0

to promote tritiated thymidine uptake in an IL-2-dependent

il

mouse cell line (NKC3; cf. Fig; 7) as well as in an IL-2-
dépendent human cell line (cf. Fig. 8).

Furthermore, said IL-2 protein was dissolved in 207
FCS-added RPMI-1640 medium to a concentration of 0.5 U/ml,
and 2 x 105 cells/ml of the NKC3 cell line were suspended
in the medium. Subculturing was continued on a Linbro
Muiti-dish (Flow, USA) at 37°C in the presence of 57 CO,
while repeating viable cell counting and resuspending the
culture in a new fresh medium at 2- or 3-day intervals. As

a result, said IL-2 protein was found to have an activity

to maintain the growth of the NKC3 cell line

for a long period of timé, as illustrated in Fig. 9.
Example 2 (Preparation for injection)
The non-glycosylated human IL-2 protein-containing solu-
tion obtained in Example 1 (ivL is applied to a CM Toyvopearl

(Toyo Soda, Japan) column equilibrated with_0.025 M ammonium

acetate buffer (pH 5.0) under aseptic conditions for adsorp-

tion, followed by elution with the above buffer containing

" 0.15 M NaCl. The eluate is diluted by addition of an appro-

priate amount of 0.15 M RNaCl, then HSA is added to a con-
centration of 0.5%, and the mixture is filtered through a
membrane filter (0.22 um in pore diameter). The filtrate
is distributed aseptically in l-ml portions into vials, fol-
lowed by lyophilization. The human IL-2 preparation for.
injection in each vizl is dissolved in 1 ml cf distilled

water, for injection prior to use.
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Fig. 1 and Fig. 2 show the resppLeLLgn_enzynE_nnp_.of the plasmd
pl L:OT135-8 obtained in Referenﬁg Exanple 1 VII) ([err] indicating the

portion coding for the signal 4 lacedndi cating the portion
coding for I1L-2) and the primary l se sequence) of said
plasmd, res- pectively. Fig.. 3 0 acid sequence of the

- 35 -

1. A method of producing a substantially pure non-
glycosylated human interleukin-2 protein having a
specific activity of.not less than lO4 U/mg,

which comprises growing a transformant carring a DNA
having a base sequence coding for human interleukin-2
to cause production and accumulation of human
interleukin-~2 in the culture broth and subjecting the
thus obtained human interleukin-2-containing liquid to
a purification process comprising a hydrophobic column
chromatography.

2. A method according to claim 1, whérein the
hydrophobic column éhromatbgraphy is a high performance
liguid chromatography using a reversed phase column.

3. A method according to claim 2, wheréin the
chromatography is conducted by using an eluent.of pPH
1.5 to 8. |

4, ‘A method according to claim 2, wherein the
chromatography is conducted under a flow rate of 0.1

to 100 ml/min.

5. A method according to claim 1, wherein the human
interleukin-2 is produced and accumulated in the grown
transformant cells and the human interleukin-2 is
extracted from the cells to obtain human interleukin-
2-containing liguid.

6. A method according to claim 5, wherein the human
inter leukin-2 is extracted with a solution of protein-

denaturing agent.

__——————_—“—'—-———-_—___—_————‘——_

) O 0 VA



13

non- gl ycosyl at ed human | L-2 protein according to the inven- tion, wherein X
is Met or a hydrogen atom. Fig. 4 shows the scheme of constructing the
expressi on p'hﬂ%éil—lé?ﬁéen Rsplidcaen in Reference Exanple 2. Fig. 5 shows the

results of the |'am de slab gel el ectrophoreses performed in
Exanpl e 1(V) ( mg 6 the trypsin digestion peptide map
(6), and F|3gs 7 and Fig. 8 the :

mentioned in

interleukin-2-containing liquid to a purification process
comprising a hydroéhobic column éhromatograéhy.
S. A method according to ciaim 4, wherein the hydrophobic
column chromatography is a high performance liguid
chromatography using a reversed phase column.
6. A method according to claim 5, wherein the
.chromatogréphy is conducted by using an eluent of'pH'l.S
to 8.
7. - A method éccording to claiﬁ S, wherein the chro-
matography is conducted under 2a <flow rate of 0.1
to 100 ml/min. |
8. A method according to claim 4, wherein the human
interleukin-2 is produced and accumulated in the grown
transformant cellg-and the human interleukin-2 is extracted
from the cells to obtain human interleukin-2~containing
liquid.
9. A method according ﬁo claim 8, wherein the human
interleukin-2 is extracted with a solution of protein-
denaturing agent.
10. A method accoraing to.claim 9, wherein the human
interleukin-2 is extracted with a solution of a guanidine
salt in a concentration of 2 to 8 M.
1. A éharmaceutical composition which contains a
substantially pure non-glycosylated human interleukin-2
protein having a specific activity of not less than lo4 U/mg
and a pharmaceutically acceptable carrier, vehicle or dilueﬁt
therefor.

[
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effects of the human IL-2 protein according to the invention on the uptake

of tritiated thym dine by the NKC3 cell line and human cell Iine,
respectively, as revealed in Exanple | (V)°(7). Fig. 9 shows the results
of the long-period sub- culturing of the NKC3 cell |ine conducted in

Exanple 1 (V) (7).

- 37 -

12. A composition according to claim 1ll, which is

an ihjectable preparation.

13. A method of producing a pharmacéutic.al composition
containing a substantially pure non-glycosylated human
intérleukin-Z protein having a specific activity of not

less than 104 U/mg, which comprises admixing said protein
with a phakmaceutically acceptable carrier, vehicle or diluent

therefor.

his Sheet Has Been-Replaced
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Ref erence Exanple 1

—_—
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What is claimed is:

1. A substantially pure non-glycosylated human
interleukin-2 protein having a specific activity of not
less than lO4 U/mg.

2. A protein according to claim 1, which has a amino
acid sequence of the formula:

X-Ala Pfo Thr Ser Ser Ser Thr Lys Lys Thr Gln Leu Gln
Leu Glu His Leu Leu Leu Asp Leu Gln Met Ile Leu Asn
Gly Ile Asn Asn Tyr Lys Asn Pro Lys Leu Thr Arg Met

Leu Thr Phe Lys Phe Tyr Met Pro Lys Lys Ala Thr Glu
Leu Lys His Leu Gln Cys Leu Glu Glu Glu Leu Lys Pro
Leu Glu Glu Val Leu Asn Leu 3la Gln Ser Lys Asn Phe

His Leu Arg Pro Arg Asp Leu Ile Ser Asn Ile Asn Val

ile Val Leu Glu Leu Lys Gly Ser Glu Thr Thr Phe Met

Cys Glu Tyr Ala Asp Glu Thr Ala Thr Ile Val Glu Phe
Leu Asn Arg Trp Ile Thr Phe Cys Gln Ser Ile Ile Ser

Thr Leu Thr | |

wherein X is Met or hydrogen.

3. A pfbtein according to claim 1, which is in a
lyophilized form.

4. A method of producing a substantially pure non- .
glycosylated human interleukin-2 protein hgving a
specific activity of not less than 164 U/mg, which
comprises érowing a transformant carring a DNA having a
base sequence coding for human interieukin-z to caﬁse
production and accumulation of human interleukin-2 in the

culture broth and subjecting the thus obtained human

This is the replacement sheet
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(i) I'solation of nRNA coding for human IL-2 Lynphacyt es prepared
fromthe human peripheral blood were incubated in RPM 1640 nedi um
suppl enented with 10% fetal bovine serum 12«0 tet radech’?bE, BHA3Bep

acetate (TPA) (15 ng/nl) and concanavalin A (40 [err]g/m) ¥ lgced
thereby induce IL-2. After 24 hours of incubation,. 1 x 10[ ' l I
| ynphocytes thus induced were disrupted and _ :

7. A method according to claim 6, wherein the

- 36 -

human interleukin-2 is extracted with a solution of

a guanidine salt in a concentration.of 2 to 8 M.

8. A pharmaceutical composition which contains a
substantially pure non-glycosylated human interleukin-2
protein having a specific activity of not less than
104 U/mg and a pharmaceutically acceptable carrier,
vehicle or diluent therefor.

9. A composition according to claim 8, wherein the
human_interleukin-z protein has :a amino acid sequgnce
of the formula:

X-Ala Pro Thr Ser Ser Ser Thr Lys Lys Thr Gln Leu Gln
Leu Glu His Leu Leu Leu Asp Leu Gln Met Ile Leu Asn
Gly Ile Asn Asn Tyr Lys Asn Pro Lys Leu Thr Arg Het
‘Leu Thr Phe Lys Phe Tyr Met Pro Lys Lys Ala Thr Glu
Leu Lys His Leu Gln Cys Leu Glu Glu Glu Leu Lys Pro
Leu Glu Glu Val Leu Asn Leu Ala Gln Ser Lys Asn Phe
His Leu Arg Pro Arg Asp Leu Ile Ser Asn Ile Asn Val
Ile Val Leau Glu Leu Lys Gly Ser Glu Thr Thr Phe Net
Cys Glu Tyr Ala Asp Glu Thr Ala Thr Ile Val Glu Phe
Leu Asn Arg Trp Ile Thr Phe Cys Gln Ser Ile Ile Ser
Thr Leu Thr

wherein X is Met or hydrogen.

10. A compusition according to claim 8 wherein the
human interleukin-2 protein is in a lyoph;lized form.
1. A composition accérding to claim 8, which is

an injectable preparation. .

This is the replacemsnt sheet
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denatured in a solution containing 5 Mguanidine thio- cyanate, 5%
ner capt oet hanol, 50 mM Tris[err]HCO (pH 7.6) and 10 mM EDTA using a Tefl on

honogeni zer,

then sodium N- | auroyl sarcosi ndte was added to a

concentration of 4% and the mxture, after honogeni zathi9@8hestRas BadHIE

onto 6 M of 57 Mcesiumchloride solution (5.7 Nlce5|uT

i~

-'37 -

12, A method of producing a pharmaceutical

-composition containing a substantially pure non-
glycosylated human interleukin-2 protein having a specific
activity of not less than 104 U/mg, which comprises
admixing said protein with a pharmaceutically acceptable

carrier, vehicle or diluent therefor.

[T T R
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1 M EDTA) and centrifuged using a Beckman SW28 rotor at 24,000 rpm and
15[err]C for 48 hours, to give an RNA precipi- tate. This RNA precipitate '
was di ssolved in 0.25% sodium N-1|auroyl sarcésinate and precipitated with
ethanol to-give 10 ng of RNA. In a high-concentration salt solution (0.5
MNad, 10 M Tris-HO pH 7.6, 1 mM EDTA, 0.3% SDS), this RNA was adsorbed

on an oligo(dT)cellul ose colum. Elutian3sg -

ABSTRACT

Title: HIGHLY PURIFIED PROTEIN, PRODUC’T.IO-N AND USE THEREOF
A substantially pure non-glycosylated human
interleukin-2 protein having a specific activity of not less
than 104 U/mg is obtained by growing a transformant

carrying a DNA having a.base-sequence coding for human
interleukin-2 to cause production and accumulation of human
interleukin-2 in the culture broth, and subjecting the thus
obtained human interleukin-2-containing liquid to a
purification process comprising a hydropholic column

chromatography.

FIGURE 3.
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V\;ith a lowconcentration salt solution (10 MM Tris. HO pH 7.6, 1 -nmM EDTA,
0. 3% SDS) gave 300 [err]g of poly(A)-containing nRNA. This nRNA was
further subjected to preci-pitation wth ethanol, then dissolved in 0.2 ni

of a solution (10 MM Tris.HO pH 7.6, 2nM EDTA, 03%SDS) treated at
65[err]C

-1 -
Ddel BstNI Xbal
\//'
N ///I//////////////
| Haelll ' l
Rsal HgiAl Hinfl BstNI Haell
6 160 260 3(50 460 560 600bp

Fig.1
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for 2 mnutes and fractionated by 10-35% sucrose density

., This Sheet Has Been Replace d

clclcicciclelclecielclclele]c) GATCACTCTCTT_TAATCACTACTCAC AGTAACC

-2 -
5[

S1 '
TCAACTCCTGCCACA ATG TAC AGG ATG CAA CTC CTG TCT TGC

: S20 1 .
ATT GCA CTA AGT CTT GCA CTT GTC ACA AAC AGT GCA CCT

- ACT TCA AGT TCT AC.A AAG AAA ACA CAG CTA CAA CTG GAG

20 a _ _
CAT TTA CTG CTG GAT TTA CAG ATG ATT TTG AAT GGA ATT

' . 40
AAT AAT TAC AAG AAT CCC AAA CTC ACC AGG ATG CTC ACA

TTT AAG TTT TAC ATG CCC AAG AAG GCC ACA GAA CTG AAA

60 - -
CAT CTT CAG TGT CTA GAA GAA GAA CTC AAA CCT CTG GAG

80
GAA GTG CTA AAT TTA GCT CAA AGC AAA AAC TTT CAC TTA

AGA CCC AGG GAC TTA ATC AGC AAT ATC AAC GTA ATA GTT
100

CTG GAA CTA AAG GGA TCT GAA ACA ACA TTC ATG TGT GAA

TAT GCT GAT GAG ACA GCA ACC ATT GTA GAA TTT CTG AAC

120 '
AGA TGG ATT ACC TTT TGT CAA AGC ATC ATC TCA ACA CTG

133
ACT TGA TAATTAAGTGCTTCCCACTTAAAACATATCAGGCCTTCTATTT

- i
ATTTAAATATTTAAATTTTACCCCCCCCCCCCCee 3
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gradlent centrlfugatlon (at 20[err]C and 25,000 rpmfor 21 hours using a

Beckman SW28 rotor) into 22 fractions. An aliquot of each™fracti+eAwas____

injected into oocytes of Xenopus |aevis and“the |L-2 actlymggmé t ei ns
thus synthesized was neasured. Fractions Nos. 11-15 (sedine ”’I’#ﬂi n Replaced

coefficient 85 15S) were found to have IL-2 activ- |ty Abo ’
I L-2 nRNA was contained in these -3 -

1 : S
X~Ala Pro Thr Ser Ser Ser Thr Lys Lys Thr Gin Leu GIn

: 20
Leu Glu His Leu Leu Leu Asp Leu Gln Met Ile Leu Asn

Gily Ile Asn Asn Tyr Lys Asn Pro Lys Leu Thr Arg Met

40
Leu Thr Phe Lys Phe Tyr Met Pro Lys Lys Ala .Thr Glu

60
Leu Lys His Leu Gin Cys Leu Glu Glu Glu Leu Lys Pro

Leu Glu Glu Val Leu Asn Leu Ala Gin Ser Lys Asn Phe

80 .
His Leu Arg Pro Arg Asp Leu Ile Ser Asn Ile Asn Val

100
Jle Val Leu Glu Leu Lys Gly Ser Glu Thr ‘Thr Phe Met

Cys Glu Tyr Ala Asp Glu Thr Ala Thr Ile Val Glu Phe

120
Leu Asn Arg Trp Ile Thr Phe Cys Gln Ser Ile Ile Ser

133
Thr Leu Thr
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fractions. (ii) Synthesis of single-stranded DNA Usi ng the nmRNA
obt ai ned above and reverse transcrip- tase, incubation was carried out in
100 [err]l of reaction solu- tion (5 [err]g-of nRNA, 50 ug of oligo(dT),

100 units of reverse transcriptase, 1 nmMdATP, 1 mM dCTP, 1 nM dGIP, 1 mM
dTTP, '

ThlS Sheet Has Been' Repla
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8 mMMMdC [err], 50 MM KA, 10 mMdithiothreitol, 50 MM Tris.HO pH 8.3) at
42[err]C for 1 hour, followed by deproteinization wth phenol and
treatment with 0.1 N NaCH at 70C for 20 mnutes for renoval of RNA by

deconposition. (iii) Synthesis of double-stranded DNA A

doubl e- stranded DNA was synt hesi zed by treating the t hus- synt hesi zed

singl e-stranded conplementary DNA in _ g . \
: : ThlsSheet

mmummf:mif““

1 2 3
Molecular weight

=—=|=—92500

— |=—66200

== |~~~ 45000
—=—|—=-31000

@™ |= - 21500

TZ T2 = |=— 14400

1. non- glycosylaued ‘human It{=2 protein
(under non-reducing conditions)

2. non-glycosylated human I|-2 pro‘leln
(under non- reducing conditions)

3. molecular weight markers

Fig.b
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the sane as the above-nentioned reaction

50 [err]l of a I’Eﬁﬁtl tio
soJ ution except t go(dT) were absent) at 42[err]C for
2 hours. (iv) Addit ﬁmmﬁﬁi‘) Thi s*.doubl e- st randed DNA was
treated wi th nucl eas _
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-. 20 - Sl in 50 [err]l of a reaction sol ution (doubl e- stranded DNA, 0.1
|V|SOdI um acetate pH 4.5, 0.25 MNad, 1.5 vaZnSCIerr]

_\'
ThlS Sheet Has
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HIGHLY PURIFIED PROTEIN,
PRODUCTION AND USE THEREOF

This is a continuation of application(s) Ser. No. 07/582,
778 filed on Sep. 12, 1990, now abandoned, which is a
continuation of Ser. No. 07/298,228 filed on Jan. 13, 1989,
now abandoned, which is a continuation of Ser. No. 06/674,
556, filed on Nov. 26, 1984, now abandoned.

This invention relates to a lnman intcrdeukin-2 protem
and a method of producing the same by a genetic engincer-
ing technique,

Interleukin-2 [also called T cell growth factor (TCGP);

 hereinafter abbreviatcd as IL-2] is a lymphokine prodnced

by T cells upon stimulation with a lectin or allcantigen, for
example [Science, 193, 1007 (1976); Immunological
Reviews, 51, 257 (1980)]. 1L-2 facilitates long-period cul-
ture of T cells by enabling said cells grow in vitro while
retaining their biological functions. - Furthermore, IL-2

reportedly prometes the mitogen reaction of thymns cells .

(costimmlator), restores thc production by spleen cells of
antibodies against T cell-dependent antigens in midc mice (T
cell replacing factor) and/or promotes the differentiation and
proliferation of killer cells (killer helper factor) {The Journal

- of Immmology, 123, 2928 (1979); Immunological Reviews,
51, 257 (1980)]. .

Killer T cell clones, belper T cell clones and, further,
natural killer cell clones have been cloned through the
utiization of IL-2 [c.g., Nature, 268, 154 (1977); The
Journal of Immmuology, 130, 981 (1983)]. In addition to
such -direct use in T cell or natural killer cel} cloning, IL-2
can be used in selectively growing killer T cells specific for
cextain amtigens, for example killer T cells recognizing 2
tumeor antigen and thereby destroying the tumor, in vitro. By
injecting the tnmor-specific killer T cells produced by use of
I1-2 ato an animal, it is possible to inhibit and prevent the
tumor growth [The Joumal of Immmnology, 125, 1904
(1980)]. It is also known that IL-2 induces the production of
IFN-y [The Joumnal of Immmmology, 130, 1784 (1983)] and
that IL-2 activates natural killer cells [The Journal of Imymn-

" nology, 130, 1970 (1983)].
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termnal transferase) at 37[err]C for 3 mnutes to thereby cause extension
;,0f the doubl e-stranded DNA by about 15 deoxycytidines at both the 3' ends.
This series of reactions gave about 300 ng of a deoxycytidine

chai n-cont ai ni ng doubl e- stranded DNA. (v) C eavage of Eschérichia coli
pl asm d and addition of dG tail :

The .above experimental data suggest that IL-2 ig useful
as an antitumor agent. IL-2 is kmown to restore the helper T
cell function in nude mice lacking thymic function [Enro-
pean Journal of Immunology, 10, 719 (1980)] or restore the
induction of killer T cells against homologous cclls [Natore,
284, 278 (1980)] and, therefore IL-2 is useful in trcating
immunocompromised discases.

Large scale production of IL-2 by methods known in the
art has been unsuccessful. The development of clinical
applications thereof has therefare been hindered by the
gcarcity and purity of IL-2. Accordingly, a techmigue for the
production of highly purified IL-2 in large amounts, in an
easy and simplc manner and at Iow cost is highly desirable.

Taniguchi et al. cloncd a human IL-2 gene by using IL.-2
mRNA isolated from the human T cell lenkemia Hric Jurkat
as the starting material, reported the amino acid scquence of
human IL-2 protein as deduced therefrom and expressed the
geae in COS-7 cells [Nature, 302, 305 (1983)). Later, Devos
et al. reported that 2 human spleen cell-derived IL-2 gene
had been cloned and cxpressed in Escherichia coli [Nucleic
Acids Research. 11, 4307 (1983)]. Nevertheless, so far, the
presence of an IL-2-like substance has only been cstimated
on the basis of detectable TCGF activity and there has been
no report that 8 human IL-2 protein produced by a trans-
formant carrying 2 DNA coding for buman IL-2 has been
isolated in a purified form.

The present inventors have developed a technique by

‘which substantially pure non-glycosylated IL-2 protein can
be obtained through cloning a human IL-2 gene utilizing the
gene manipulation techmology, introduction of the recombi-
nant DNA molecule obtained thereby into a host and expres-
sion of the human IL-2 gene in said host, and as a result
could establisk 2 method of producing a substantiafly pure,
non-glycosylaled human JL-2 protein and bave completed
the present invention.

Thus, the present invention provides a substantially pure,
non-glycosylated buman IL-2 protein and a method of
producing said human JL.-2 protein which compriscs culli-
vating a transformant camying 2 DNA having a basc
sequence coding for human IL-2 and purifying said protein
from the cultwre broth.

DNA coding for human JL-2 to be nused in the practice of
the present invention is, for examplc, a DNA (1) having the
base sequence defined by codons 1~133 in FIG. 2, This DNA
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Separately, 10 [err]g of Escherichia coli plasm d pBR322 DNA was treated

- Wth the restriction enzyme Pstl in 50 [err]l of a reaction solution (10

[err]g of DNA, 50 MM NaCl, 6 M Tris.HO pH 7.4, 6 MM MC[err], 6 MM

2- mer capt oet hanol, 100 [err]g/m bovine serumal bumin, 20 units of Pstl)

at 37[err]C for 3 hours to thereby cleave the one Pstl recognition site
. _3_

(1), may have, at its 5 end, either ATG or a signal sequence
represented in FIG. 2 by codons S1-S20 and, at its 3' end,
preferably has TAA, TGA or TAG, morc preferably TGA.

The DNA (I) is preferably connected downstream from a
promoter, for cxample the tryptophan (trp) promotcr, rec A
promotcr or APL promoter, mare preferably the trp or APL
promoter.

In accordance with the invention; the mRNA coding for
buman TL-2 is isolated from a culture of human peripherat
lenkocytes stimmlated by concanavalin A, for instance, then
a single-stranded cDNA is synthesized therefrom using
teverse transcriptase, and further a double-stranded DNA is8
synthesized, Double-stranded DNA is inserted into a plas-
mid, the recombinant plasmid is uscd for transformation of
a strain of Escherichia coli or Bacillus subtilis, for example,
and thc cDNA-containing plasmid is cloned. In this way, a
double-stranded DNA coding for human IL-2 can be pro-
duced.

More particularly, 2 human IL-2-encoding mRNA to be
nsed in the practice of the invention can be obtained by the
method of Hinuma ct al. [Biochemical and Biophysical
Research Communications, 109, 363 (1982)]. With the
thus-obtained human IL-2 mRNA as a template, a cDNAis

. synthesized by the per s¢ known method using reverse
transcedptase, and thc ¢DNA is converted to a double-
stranded DNA [Maniatis, T. et al. Cell, 8, 163 (1976); Land,

. H. et al., Nncleic Acids Research, 9, 2251 (1981)]. The
double-stranded DNA is inscried, for example, into the
plasmid pBR322,at the Pstl restriction endonuclease cleav-
age site by the dG-dC homopolymer ligation method [Nel-
son, T. S., Methods in Enzymology, 68, 41 (1979)], for
instance. Furthermore, an oligonucleotide having a base
sequence corresponding to the amino acid sequence of a part

+ of human IL-2, for instance, is chemically synthesized and
then Iabeled with *2P. Using this as a probe, a desired clone
is selected from among tetracycline- or ampicillin-resistant

transformants by the per se kmown colony hybridization

- method [Grunstein, M. and Hogness, D. S., Proc. Natl. Acad.
Sci. USA, 72, 3961 (1975); Alwine, J. C. et al., Methods in
Enzymology, 68, 220 (1979)]. The presence of a human IL-2
gene is confirmed by determination of the base sequence of
DNA derived from a clone selected by means of the above
hybridization method by Maxam-Gilbert method [Maxam,
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occurring in the pBR322 DNA, followed by deproteinization wth phenol.
The cl eaved plasm d pBR322 DNA was extended by about 17 deoxyguani nes at
"both the 3' ends by creating with terminal transferase in 50 [err]l of a
reaction solution (10 [err]g of DNA, 0.14 M potassium cacodylate, 0.3 M
Tris base

-4 -

A.M. et al.,, Proc. Natl. Acad. Sci. USA, 74, 560 (1977)] or
the dinucleotide synthetic chain termination method using
phage M13 [Messing, J. et al., Nucleic Acids Research, 9,
309 (1981)). Then, a complcte or partial human I1-2 genc is
cxcised from a selected clone obtained and inserted into a
plasmid downstreem from an appropriate promoter and the
SD (Shine and Daigamo) base sequence, for the subsequent
introduction into aa appropriate host.

The use of the trp promoter, among others, as the
promater is preferred. As the host, a strain of Escherichia
coli (e.g. strain 294, strain DH1, strain N4830), among
others, is preferred.

The strains Escherichia coli 294 [Beckman et al., Proc.
Natl. Acad, Sci. USA, 73, 4174 (1976)], E. coli DHI
[Selson, M. E. et al., Nature, 217, 1110 (1968)]} and E. coli
N4830 [Cell, 25, 713 (1981) ] are known available strains.

The transformation of such hosts with the DNA is
performed by the known method [Cohen, S. N. et al., Proc.
Natl. Acad. Sci. USA, 69, 2110 (1972)]. A transformed host
thus obtained is cultivated in a per se known medium, such
as glocose- and casamino acid-Coniaining M9 medium
[Miller, J. Experimenis in Molecular Genetics, pages
431-433 (Cold Spring Harbor Laboratory, New York,
1972)]. In cases where the trp promoter is used, an agent
such as 3-f-indolylacrylic acid may be added for increasing
the efficiency of said promoter. The cultivation is generally
carried out at 15°—43° C. for 10-30 hours, preferably 18-24
hours, with aeration and/or stirring as necessary.

In a case where the APL promoter is used, the cultivation
is preferably camied out at a relatively low temperature of
about 30° to 36° C. to grow the transformants and then of
about 37° to 42° C. to inactivatc the repressor in the
transformants aud to effectively express the DNA coding for
human IL-2. .

Huoman JL-2 thns formed may be assayed using an
JL-2-dependent cell line. Since human IL-2 is koown to
promote the growth of rat, mouse or other IL-2-dependent
cells as well as human 1L~-2-dependent cells [[mmunelogical
Reviews, 51, 257 (1980)], not only IL-2-dependent human
cell lines but also rat or monse IL-2-dcpendent cell Iines may
be uscd for the assay [Journal of Immumology, 130, 981 and
988 (1983)]. The thus obtained IL-2 can be used to maintain
desired cell lines which are IL-2 dependent.

/:
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- 21 - pH 7.6, 2 mMdithiothreitol, 1 nMCoCl [err], 0.15 nmM GIP, 30
,units of termnal transferase) at 37[err]C for 3 m nutes.

-5~

In particular, mouse IL-2-dependent cell lines may be
maintained stably by subculturing for a long period of time,
so that their use can give highly reproduciblc assay results.

In extracting human 11-2 according 1o the invention from
cultivated cells, the cells, afier cultivation, arc harvested by
known methods, suspended cither in a solution of a protein
denaturing agent such as a mincral acid salt of guanidine
(c.g. hydrochloride, nitrate, sulfate), and thc suspension is
stirred in the cold and then centrifluged, whercby an IL-2-
containing supernatant is obtained, or in a buffer and dis-
rupted by sonication, lysozyme treatment and/or freczing
and thawing, followed by centrifogation to give an IL-2-
containing supernatant. Any other method which is nseful to
cxtract [L-2 may also be used.

The isolation of IL-2 from the above supematant and the
subscquent purification of the same can be carried ont by an
appropriate combination of per se known methods of sepa-
ration and purification. Such known separation and purifi-
cation methods include, among others, methods utilizing
solubility differences such as salting out methods and sol-
vent precipitation methods, methods utilizing molccular
weight differences in the main, such as dialysis, vltrafilta-
tion, gel filtration and SDS-polyacrylamide gel clectro-
phoresis, methods utilizing charge differcnccs, such as ion
exchange chromatography, mcthods utilizing specific affini-
tics such as affinity chromatography, metbods utilizing
hydrophobicity differences, such as reversed phase high
pecformance liquid chromatography, and methods utilizing
isoelectric point differences, such as isoclectric focusing.
Since human I1.-2 protein i bighly hydrophobic, hydropho-
bic column chromatography, in particalar high performance
liquid chromatography using 3 reversed phase column, is
preferred in purifying said profein.

Thus, for example, the cells obtaincd by cultivating a
strain of Escherichia coli carrying a gene coding for human
IL.-2 are suspended in a zolution, preferably in a buifer of 2
protein denatring agent such as gnanidine hydrochloride(in
a concentration of 2M to 8M, preferably 6M-8M), and the
suspension is stirred, preferably at 0°-5° C. for 0.5-3 hours
and then centrifuged. The supernatant thus collected is, if
appropriatc, concentrated using an ultrafiltration device or
the like and subjected to dialysis. The rcsulting precipitate, -
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(vi) Annealing of cDNA and transformati on of Escherichia col i

The thus-obtai ned synthetic double-stranded DNA (0.1 J[err]g) and 0.5
[err]g of the above-nentioned plasm d pBR322 were anneal ed, by heating in
a solution containing 0.1 MNaC, 50 mMTris.HO pH 7.6 and 1 nM EDTA at

65[err] C for 2 mnutes

-§ -

if any, is removed by centrifugation and thc superzatant is
subjected to anion exchange chromatography using dicthy-
lamincethylcellulose {e.g. DE 52 celiulose (Whatman, Gt
Britain) colurmn}, for example, and an active, i.c. having
IL-2 activity, fraction is collected.

Then, alter concentration using an ultrafiltration device,
the active fraction is subjected to gel filtration nsing N,N*-
methylenebisacrylamide-crosslinked allyldextran, such as a

- Sephacryl S-200 (Pharmacia, Sweden) column, or the like.
The active fraction collected is then subjected to the above-
mentioned high performance liquid chromatography. In this
manner, non-glycosylatcd human IL-2 according to the
invention can be obtaincd.

As the reversed phase system to be used in bigh Perfor-
.mance liquid chromatography, resin coated with alkylated
(C;.1g) silanes are effectively used among vthers. As the
eluent, a C, ; lower alkancl (e.g. ethanol, propanol) or
acetonitrile can advantageousty be used and the eluent has a
pH of 1.5-8, preferably 1.5-4. The rate of clution is 0.1-100
ml/min, preferably 0.5-10 mi/min

HumanLZprotmnthnsobmmedcanbemmdmo a

- powder by Iyophilization as necessary. On the occasion of
lyophilization, a stabilizer such as sorbitol, mannitol, dex-
trose, maltose, glycerol or human serum albumin (HSA)
may be added.

When assayed for IL-2 activity using, as the index, the
radioactive thymidine nptake by IL-2-dependent mouse
cells, human IL.-2 protein obtained in accordance with the

t invention shows a specific activity of not less than
1x10* U/mg. In accordance with the invention, there can be
abtaincd a highly pure, non-glycosylated human IL-2 pro-
tein having a specific activity of not less than 10* U/mg, and
preferably about 2x10* U/mg to 4x10* Utmg.

As mentioned herein, the IL-2 activity in upits (U) may
be calculated in the following manner.

Thus, an IL-2-containing sample is added to a medium
containing cells of a mouse cell line which grow depending
on the concentration of IL-2, and the whole mixture is
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and then at 45[err]C for 2 hours followed by gradual cooling, and the
.product was used for transformation of Escherichia coli MW94 in
accordance with the method of Enea et al. [J. M. Biol., 96, 495 (1975)].
(vii) Isolation of cDNA-containing plasmd In this way, about
20,000 tetracycline-resistant trans- formants were isolated. DNAs of

each of themwere fixed
- 7 -
incnbated at 37° C. overnight in the presence of 5% CQ,, the
growth of said-cell line may be determined using tritiated
thymidine. For calculating the IL-2 activity in units (U) in
the sample in question, a standard IL-2 (1 U/ml) is used for
comparison and said activity in units is calculated from the
activity ratio between the sample and the standard.

More particularly, celis of an IL-2-dependent mouse cell
linc (NKC3) [Hinuma et al., Biochem. Biophys. Res. Com-
mun., 109, 363 (1982)] maintained by subculturing in 20%
FCS-added RPMI 1640 medium supplemented with an
IL-2-containing conditioned medium at 37° C. in the pres-
ence of 5% CO, are washed twice with a serum-free RPMI
1640 medium and resuspended in 20% FCS-added RPMI
1640 medium to 6x10° cells/ml.

An IL-2-containing sample is distributed, in 50-ul por-
tions, into thc wclls in thc first row of & 96-well flat-
bottomed microtiter platc {Nunc, Denmark). Using 50-j
portions of 20% FCS-addcd RPMI 1640 medium, a two fold
serial dilulfon is produccd until the 12th row. Then the
above-mentioned NKC3 cell suspension is distributed, in

50-ul portions, into all the wells, followed by incubation at
37° C. in the presence of 5% CO, for 24 hours. After 20
hours of incubation, 1 uCi of tritiated thymidine (Amer-
sham, Great Britain) is added to each well. Afier continued
incubation for 4 hours, cells are recovered onto a glass filter
using a cell harvester (Flow, USA) and measured for tritiated
thymidine uptake using a liguid scintillation counter. In
carrying out the above assay, a standard IL-2 sample is
subjected to the same procedures as an IL-2 containing
sample to be assayed and the tritiated thymidine uptake is
determined. |

The calculation of the activity in units (U) is carried out
by the probit method acconding to the Joumnal of Immzmol-
ogy, 120, 2027 (1978). Thus, the maximum uptake in the
standard IL-2 sample dilution series is regarded as 100,
and the percentage. (%) of the uptake for each dilution stage
is calculated. The values thus obtained are plotted on a
normal probability paper and the dilution factor at which the
uptake is 50% is determined graphically. Also for each
IL-2-containing sample, the dilution factor at which the
uptake is 50% is determined in the same manner. The
amowmd in the culture supernatant
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on a nitrocellulose filter. Based on the am no acid sequence of |L-2
.reported by Taniguchi et al. [Nature, 302, 305 (1983)], tHhHisS
ol i gonucl eoti des of base sequences ([err] AAA CAT CTIT CAG T
[err] ACA TTC ATG TGI GAAlerr]) correponding to am no aci ds
(Lys-Hi s-Leu-d n-Cys) and am no aci dsgNos, 122-126 (Thr - Phe- Met - Q/s
respectively, were chemcally syn-

after 48 hours of incubation, at 37° C. in'the presence of 5%

CO,, of a suspension of human peripheral blood iympho-

cytes (5x10° cells/ml) in 10% FCS-added RPMI 1640

medium supplemented with 40 pg/ml of concanavalin A and

15 ng/mt of 12-O-tetradecanoylphorbol- 13-acetate is

defined as 1 U/ml.

The IL-2 concentration (U/mi) of the sample is calcu-

lated by the formuila:

s

Dilulion factor for sample at which

S0% nptake: is artained

"Dilntion factor for standard I1.-2 sampic &t which -
50% uptake is attained

The natural IL-2 obtained from the human peripheral
blood had a specific activity of 20,000-70,000 U/mg
determined by the above assay method. This activity is
almost equal to the activity of non-glycosylated human II.-2
protein according to the present invention.

Non-glycosylated buman IL-2 protein according to the
invention preferably comprises the polypeptide (II) baving
the amino acid sequence shown in FIG. 3 wherein X is Met
or bydrogen.

Human I1-2 protein produced in accordance with thc
mvcnuon has the following characteristics:

1) 1t is homogeneous in SDS-polyacrylamide gel electro-
phoresis and has a molecular weight of 15,000+1,000
daltons as determined by said elcctrophoresis;

" 2) It contains alanine or methionine as the amino-tcrminal
amino acid;

3) It contains threonine as the carboxy-terminal amino
acid;

4) It promotes growth of T cells or natural killer cells

" while maintaining their functions.

Human JL-2 protein produced in accordance with the
invention rcacts negatively in the limmlus lysate test [Hac-
mostasis, 7, 183 (1978)] and is low in protein impurities and
pyrogen content, so that it can be used safely as a bulk
substance for manufacturing injections and so on.

Non-glycosylated human IL-2 protein obtained in accor-
dance with the present invention has an activity of promot-
ing the growth of normal T cells or natural killer cells whilc
maintaining their functions. Therefore, I1-2 protein accord-
ing to the invention can be used in growing and subculturing
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t hesi zed by the phosphotriester nethod [Crea, R et al., Proc. Natl.

Acad. Sci. USA, 75, 5765 (1978)]. These ol i gonucl eoti des were
| abel ed with [err]P at the 5" end by treatnment with T4 pol ynucl eoti de
kinase in 50 [err]l of a reaction solution (0.20 [err]g of

ol i gonucl eoti de, 50 nmM

-0 -

T cells or natural killer cells in vitro for a long period of time
ar cloning the same. Morcover, this property can be otilized
in buman IL-2 aclivity measurement.

Furthermore, human II-2 protein of the invention makes
it possible to selectively grow antigen-specific killer T cells,
which recognize and desiroy tumor antigens, or natural
killer cclls, which are capable of killing tumor cells irre-
spective of the prescncc or abscnce of an expericnce of
antigenic sensitization, in vitro. When inoculated into a
living organism simultaneously with the introduction of said
Killer cells into the living organism, human IL-2 of the
present invention increases the anti-tumor effete of killer T
cells, Therefore, said IL-2 is usefnl for the prevention or
treatment of tumors or the treatment of immurodeficiency
diseases in warm-blooded mammals {c.g. mouse, rat, rabbit,
dog, cat, pig, borse, sheep, cattle, human).

Human IL-2 protein according to the present invention is
a highly purified product and has little antigenicity for
hnmans and is low in toxicity.

As an agent for the prevention and treatment of tumors,
homan IL-2 protein of the invention can be administered
either parenterally or orally in the form of, for example,
injections or capsules preparcd by appropriate blending or
dilution with a per se known carrier. It can be uscd cither
aloncormcombmauonwnhkﬂlchcellsormnmalhller
cells grown in vitro, as mentioned hereinbefore.

Human 1.-2 protein according to the present invemtion
has substantially the same biological activity as the natural
human IL-2 and accordingly can be used in the same maoner
as said patural I.-2. The dissociation constant of IL-2 in
relation to the IL-2 receptor of the responding cells is very
small, so that a very small dose is sufficient in most cascs.

For the purposc of growing T cells in vitro, the human
IL-2 of the invention can bc added to the medium in a
concentration of about 0.01-1 U/ml, preferably about
0.1-0.5 U/ml.

In an example of the use for the purpose of growing 'I'
cells in vitro, JL-2 protein of the invention is added, at a
concentration of 0.1-0.5 unit/ml, to a ccll suspension con-
taining, for example, alloantigen-scnsitized T cells obtained
by 3-day mixed lympbocyte culture of human peripheral
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- 22 - Tris.HO pH 8.0, 10 MM MyC [err],
Jerr]CG of [err]-

10 nmM 2- ner capt oet hanol, 50

[err]P ATP, 3 units of T4 pol ynucl eoti de kinase) at

..10_.

blood-derived T cells (1x10¢ cells/ml), with B ccll transfor-
mants (1x10% cells/ml) resulting from X ray imadiation
(1,500 rads) added, in RPMI 1640 medium containing 20%
of fetal bovine serum. Cultivation i3 continued for about 1
month while repeating medium cxchange an about one-week
intervals.

The transformant disclosed in the following examples,
namely Escherichia coli DH1/pTF4, has been deposited at
Institute for Fermentation, Osaka (IFO) uader the deposit
number IFO-14299, and also deposited at Fermentation
Rescarch Institute, Agency of Industrial Science and Tech-
nology, Ministry of International Trade and Industry, Japan
(FRI} under the accession mumber of FERM BP-628 of a
deposit under the Budapest Treaty.

In the present specification and drawings, the bases and
amino acids, when indicated by abbreviations, are abbrevi-
ated according to the rles of the JUPAC-IUB Commission
on Biochemical Nomenclature or the practice in the field
concerned. Examples are shown in Table 1. Where optical
isomerism is involved, the amino acids mentioned are in the
L form unless otherwise specifically indicatcd.

TABLE 1
DNA: Deoxyribonmcleic acid
CONA: Complemeatary deoxyxibonucleic acid
A Adeoine
G: Guamine
C Cytosine
RNA: Ribomicleic acid _
- mRNA: Messenger ribomucleic avid
DATE: Deoxyadenosine triphosphate
DITE:  Deoxythymidine triphosphaic
dGTP: Deoxyguanosioe triphosphate
dCTP:  Deoxyoyridine riphosphaie
ATP: Adenosipe trighosphate
EDTA: Ethylenediaminetetraacetic acid
SDs: Sodium dodecyl suifate
Gly: Glycine
Alx Alanine
Val: Valinc -
i . heet Has Been Replaced
e Isolencine
= me \\ll\l\\\lll\\\\l\l\\ll
Thr: Threonine
Cys: Cysterine
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37[err]C for 1 hour. These | abel ed ol igonucl eoti des, as probes, were
.anneal ed with the above-nentioned DNAs fixed on nitro- <cellulose filter by
the nethod of Lawn et al. [Nucleic Acids Res., 9, 6103 (1981)]. Four
transformants reactive to the above two oligonucl eotide probes were
detected by autoradi o- graphy. The plasm d DNA was isolated fromcells of

each

-11 -

TABLE ]-continued

Half cystine
Methionine
Glutamic acid
Aspartic acid
Lysine

EE?E??EE%S%E§.
'y
s

BRIEF DESCRIPTION OF THE DRAWINGS

HG. 1 and FIG. 2 show the restriction enzyme map of the
plasmid plL.OT135-8 obtained in Reference Example 1 (vii)
E\\\jindicating the portion coding for the signal peptide
and [77774indicating the portion coding for IL-2) and the
primary structure (base sequeace) of said plasmid, respec-
tively. FIG. 3 shows the amino acid sequence of the non-
glycosylated buman IT-2 protein according to the invention,
wherein X is Met or a hydrogen atom. FIG. 4 shows the
scheme of constructing the expression plasmid pTF4 as st
fmthinRefamcExamplez.F[G § shows the rcsults of
the SDS-polyacrylamide siab gel electrophoresis performed
in Example 1(V) (1) and (2) , FIG. 6 shows the trypsin
dxgesnonpepﬁdemapmmumedinﬁxamplel (V) (6), and
FIG. 7 and FIG. 8 show the cffects of human [L-2 protein
according to the invention on the uptake of tritiated thymi-
dine by the NKC3 ccll linc and human cell line, respectively,
as revealed in Example 1(V) (7). FIG. 9 shows the results of
the long-period subculturing of the NKC3 cell line con-
ducted in Example 1(V) (7).
FIG. 10 and FIG. 11 show schemes of constructing the
expression plasmids pTF 1 and pTB28S as set forth in
Refercnce Example 4.

Sheet Has Been Replaced This is the repiacement sheet

i

1 8 DEC 1997



T

of these transformants by the BirnboimDoly al kali method [Birn- boim H.
.C. & Doly, J., Nucleic Acids Res., 7, 1513 (1979)]. Then the insert in the
pl asmi d DNA was cut out using the restriction enzyne Pstl. From anong the
pl asm ds isol ated, the one containing the |ongest insert fragnment was

sel ected and nanmed plLOT 135-8. The restriction enzyme map of this plasmd
Is shown in Fig. 1.

-12 -

REFERENCE EXAMPLE 1

(i) 1solation of mRNA coding for human IL-2

Lymphacytes prepared from human peripheral blo?d
were incubated in RPMI 1640 medinm supplemented with
10% fetal bovine serum, 12-O-tetradecanoylphorbol-13-ac-
etate (TPA) (15 ng/nl) and concanavalin A (40 pg/ml) at 37°
C. to thereby induce production of IL-2. Aﬁcr 24 hours of
incubation, 1x10°° human lympbocyles thus induccd were
disrupted and denatured in a solution conlaining SM guani-
dine thiocyanate, 5% mercaptocthanol, 50 mM Tris-HCI (pH
7.6} and 10 mM EDTA using a Teflon homogenizer, then
sodium N-lauroyisarcosinate was added to a concentration
of 4%, and the mixture, aficr homogenization, was layered
onto 6 ml of 5.7M cesium chlogdde solution (5.7M cesium
chloride, 1M EDTA) and ccntrifuged using a Beckman
SW28 rotor at 24,000 rpm and 15° C. for 48 hours, to give
an RNA precipitate. This RNA precipitate was dissolved in
0.25% sodinm N-lanroylsarcosinatc and precipitated with
ethanol to give 10 mg of RNA. In a kigh-concentration salt
solution (0.5 M NaCl, 10 mM Trs-HC] pH 7.6, 1 mM
EDTA, 0.3% SDS), this RNA was adsorbed on an oligo(dT-
Jeellulose column. Elution with a low-concentration salt
solution (10 mM Tris-HCl pH 7.6, 1 ;M EDTA, 0.3% SDS)
gave 300 g of poly(A)-containing mRNA. This mRNA was
further subjected to precipitation with ethanol, then dis-
solved in 0.2 mi of & sohation (10 mM Tris-HCl pH 7.6, 2mM
EDTA, 0.3% SDS), treated at 65° C. for 2 minutes and
fractionated by 10-35% sucrose density gradient centrifu-
pation (at 20° C. and 25,000 rpm for 21 hours using a
Beckman SW28 rotor) into 22 fractions. An aliquot of each
fraction was injected into oocytes of Xenopus laevis and the
IL-2 activity in proteins thms synthesized was measurcd.
Feactions Nos. 11-15 (sedimentation cocfficicnt 85-158S)
were found to have IL-2 activity. Abount 25 pg of IL-2 mRNA
was contained in these fractions.

(i) Synthesis of single-stranded DNA

Using the mRNA obtained above and reverse iran-
scriptase, synthesis of single stranded cDNA was carricd out
in 100 pl of reaction solution (5 pug of mRNA, 50 pg of
oligo(dT), 100 units of reversc transcriptase, 1 mM dATE, 1
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The primary structure (base sequence) of the cDNA inserted in this plLOT
135-8 was determ ned by the dideoxy- nucleotide nethod and the
* Maxam G | bert nmethod. The primary structure thus determined is shown in
Fig. 2. The peptide defined by this base sequence consists of 153 am no
acids, starting with the synthesis start signal (Nos. 64-66 ATG.

_13...

mM dCTP, 1 mM dGTP, 1 mM dTTF, 8 mM MgCl,, 50 mM
KCl, 10 mM dithiothreitol, S0 mM Tris-HCl pH 8.3) at 42°
C. for 1 hour, followed by deproteinization with phenol and
treatment with 0.IN NaOH at 70° C. for 20 mimtes for
removal of RNA by decomposition.

@iii) Synthesis of double-stranded DNA

Double-stranded DNA encoding IL-2 was synthesized by
treating the thus-synthesized single-stranded complemen-
tary DNA obtained in (ii) above in 50 pul of 2 reaction
solution (the same as the above-mentioned reaction solution
of step (ii) except that mRNA and oligo{dT) were absenct)
at 42° C. for 2 hours, Sec Maniatis et al. supra.

(iv) Addition of dC tail

Double-stranded DNA from step(iii) was trcated with
nuclease S} in 50 pl of a reaction solution (doublc-stranded
DNA, 0.1M sodium acetate pH 4.5, 0.25M NaCl, 1.5 mM
ZaS0,, 60 units of Sl nuclease) at room temperature for 30
minutes, followed by deproteinization with phenol and DNA
precipitation with ethanol. The DNA precipitate was treated
with terminal transferase in 50 pl of a reaction solution
(double-stranded DNA, 0.14M potassinm cacodylate, 0.3M
Tris (base) pH 7.6, 2 mM dithiothreitol, 1 mM CoCl,, 0.15
mM dCTP, 30 units of terminal transferase) at 37°C. far 3
minutes to thereby cause extension of the donble-stranded
DNA by about 15 deoxycytidines at both the 3' ends. This-

~ series of reactions gave about 300 ng of a deoxycytidine
chain-containing double-stranded DNA.

(v) Cleavage of Escherichia cok plasmid and addition of
dG tail

Separately, 10 ug of Escherichia coli plasmid pBR322
DNA was treated with the restriction enzyme Pstl in 50 yl of
areaction solution (J0 ug of said DNA, 50 mM NaCl, § mM
Tris-HCI pH 7.4, 6 mM MgCl,, 6 mM 2-mercaptoethanol,
100 pg/m! bovine serum albunin, 20 nnits of Pstl) at 37° C.
[or 3 hours (o thereby cleave the one Pstl recognition site
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O these, the 20 amino acids fromthe N-terminal are con- sidered to
.constitute a signal peptide. The above primary structure has reveal ed that
this plasm d has the whol e base sequence coding for the human |L-2
protein. This fact in- dicates that insertion of the gene inserted in said

plasm d
-4 -

occurring in the pBR322 DNA, followed by deproteiniza-
tion with phenol. The cleaved plasmid pBR322 DNA was
extended by about 17 dcoxyguanines at both of its 3' cnds by
treating said DNA with tetminal transferase in 50 pl of a
reaction solution (10 ug of DNA, 0.14M potassium cacody-
late, 0.3M Tris base pH 7.6, 2 mM dithiothreitol, 1 mM
CoCl,, 0.15 mM GTP and 30 units of terminal transferase)
at 37° C. for 3 minutes.

(vi) Annealing of cDNA and transformation of Escheri-
chia coli

DNA coding for IL-2 obtained in (iv) above (0.1 pg) and
0.5 pg of plasmid DNA from (v) above were annealed by
heating in a solution containing 0.1M NaCl, 50 mM
Tris-HCl pH 7.6-and 1 mM EDTA at 65° C. for 2 mimtes
and then at 45° C. for 2 hours followed by gradual cooling
and the product was used for transformation of Escherichia
coli MM294 in accordance with the method of Eneaet al. [T.
Mol. Biol, 96, 495 (1975)1.

(vii) Isolation of cDNA-containing plasmid

In this way, about 20,000 {etracycline-resistant transfoc-
mants were isolatcd. DNAs of each of them were fixed on
a nitrocellulose filter. Based on the amino acid scquence.of -
IL-2 reported by Taniguchi et al. [Nature, 302, 305 (1983)],
the complementary oligonucleotides of basc sequences

| ("AAACHI‘CI’I'CAG'IGT’ and ACA TTC ATG TGT
GAA?) comreponding 1o acids Nos. 74-78 (Lys-His-

. Leu-GIn-Cys) and amino -acids Nos, 122-126 (Thr-Phe-
Met-Cys-Glu), respectively, were chemically synthesized by
the phosphoiriester method [Crea, R. et al., Proc. Natl. Acad.
Sci. IUSA, 75, 5765 (1978)].

These oligonucleotides were labeled with 3%p at the 5" end
by treatment with T4 polymucleotide kinase in 50 yl of a
reaction solntion (0.20 ug of oligonucleotide, 50 mM
Tris-HC! pH 8.0, IOmMMgClz, 10 mM 2-mercaptoethanol,
50 uCi of ¥->?p ATP, 3 units of T4 polynuclcotide kinase) at
37° C. for 1 hour. These labeled oligonucleotides, as probes,
were annealed with the above-mentioned DNAs fixed on
nitrocellulose filter by the method of Lawn et al. [Nucleic
Acids Res., 9, 6103 (1981)]. Four transformants reactive to
the above two oligonucleotide probes were detected by
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- 23- into an appropriate expression plasmd can |l ead to production
of an optional polypeptide portion of the IL-2 protein.

-15 -

autoradiography. Plasmid DNA was isolated from cells of
each of these transformants by the Biroboim-Doly alkali
mcthod [Birnboim, H. C. & Daly, 1., Nucleic Acids Res., 7,
1513 (1979)] Then the insest in the plasmid DNA was cut
out using the restriction enzyme Pst Pstl, From among the
plasmids isolated, the one containing the longest insert
encoding IL-2 was selected and named pILOT 135-8. The
restriction cnzyme map of this plasmid is shown in FIG. 1.

The primary structure (basc sequence) of the cDNA
inserted in this pILOT 135-8 was deteomined by the
dideoxynuclcotide method and the Maxam-Gilbert method.
The primary structure thns determined is shown in FIG. 2.
The peptide defined by this basc sequence consists of 153
amino acids, starting with the synthesis start signal (Nos.
64-66 ATG). Of these, the 20 amino acids from the N-ter-
minal arc considered to constitife a signal peptide. The
above primary structure has revealed that pILOT 135-8 has
a basc sequence coding for human IL-2 protein. This fact
indicates that insertion of a gene coding for IL-2 obtained in
(iv) above into an appropriate expression plasmid can lead
to production of the IL-2 protein.

REFERENCE EXAMPLE 2

"The plasmid pIL/OT135-8 obtaingd7n Reference Examplc
1 was cleaved with the restrictive enzyme HgiAl The
thms-obtained 1294 bp DNA fragment containing an IL-2
gene was treated with T4 DNA polymerase, joined with the
Clal linker CGATA ATG GCA, which contained the codon
GCA for alanine and the codon ATG for methionine, and the
product was treated with Clal and Pstl, foliowed by insertion
into ptrp771 at the ClaI-PstI site. The cXpression plasmxd
thus obtained was named p] pPT¥4 (FIG. 4).

REFERENCE EXAMPLE 3

Escherichia coli DH1 was transfomed with the plasmid
pTF4 obtained in Reference Example 2 in accordance with
the method of Cohen et al. [Prac. Natl. Acad. Sci. USA, 69,
2110 (1972)] to obtain a transformant (Esckerichia coli
DH1/pTF4 ) cartying said plasmid.
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Ref erence Exanple 2 The plasm d pl LOT135-8 obtai ned in Reference
Exanple 1 was cleaved with the restriction enzyne Hgi Al. The thus-obtained
1294 bp DNA fragnment containing the IL-2 gene was treated wth T4 DNA

pol ynerase, joined with the Cal |inker CGATA ATG GCA, which contained the
codon GCA for alanine and the codon ATG for nethionine, and the product

was treated with d al
..16_

EXAMPLE i

(i) E. coli DH1/pTF4 (obtained in Refercnce Example 3)
was inoculated into 50 ml of a liquid medium (pH 7.0)
containing 1% Bacto tryptone (Difco Laboratorics, USA),
0.5% Bacto yeast extract (Difco Laboratories, USA), 0.5%
sodivm chioride and 7 pg/ml tetracycline and placed in a
250-ml erlenmeyer flask. Aficr incubation at 37° C. over-
night on a swing rotor, the culture medinum was transferred
to a 5-Jiter jar fermenter containing 2.5 liters 6f M9 medium
coniaining 0.5% casamino acids, 0.5% glucosc and 7 yg/ml
tetracycline. Incubation was then conducted with acration
and stirring at 37° C. for 4 hours and, afier addiion of
3-B-indolylacrylic acid (25 pg/ml), for an additional 4 hours.
Cells were harvested from the thus-obtained 2.5-liter culture
broth by centrifugation, frozen at —80° C. and stored.

(ii) The freeze-stored cells (12.1 g) obtained in Example
1(i) were suspended in 100 ml of an extractant (pH 7.0)
containing 7M puanidine hydrochbloride and 0.1M Tris-HCl,
the suspension was stirred at 4° C, for 1 hour and the lysate
was centrifuged at 28,000xg for 20 mimntes to obiain 93 mi

. of a supematant. |

(iii) Separately, various procedurcs were condncted to
extract IL-2 from the transformant E. coli DH1/pTF4 cclls -
obtaincd by the method of Example 1 (i) to compare the
respectivc extraction efficiencies.

In the lysozyme~-EDTA method, 2 g of E. coli DHL/pTF4
cells obtained in Example 1(i) were mixed with 16 ml of
solution (pH7.0) containing 0.IM Tris-HCl, 10 mM EDTA
and 250 mg/] lysozyme, the mixture was stirred at 4° C. for
1 hour and subseqently at 37° C. for 5 minutes and the lysate
was centrifuged at 28,000xg for 20 minutes.

In the sonication method, 2 g of the cells from Example
1) were suspended in 16 ml of the solution (pH7.0)
containing 0.1M Tkis-HCl, the suspension was subjccted to
sonication at 0° C. for 5 minntes and the lysate was
centrifuged at 28,000xg far 20 minmics.
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and Pstl, followed by insertion into ptrp771 at the Cal- Pstl site. The
expression plasmd thus obtained was naned pTF4 (Fig. 4).

" Reference Exanpl e 3 Escherichia coli DHlL was transforned with the
plasm d pTF4 obtained in Reference Exanple 2 in accordance with the nethod
_17..

In the guanidine-HCl method, 2 g of the cells from
Examplc 1G) were mixed with 16 ml of thc solutions
(pH7.0) containing 0.1M Tris-HCl and 2M, 4M or 7M
guanidinc-HCI, the mixtures were stirred at 4° C. for ! hour
and the lysates were centrifuged at 28,000xg for 20 mimutes.
The supernatant fluids thus obtained were used for the
rocasurements of protein concentration and IL-2 activity.

* The results are summarized in Table 2.

TABLE 2
Extraction of IL-2

Protein IL-2 activity Relative
Extraclion concenlration  in the extract b0

procedure (mg/ml) ~ (UtmD) )
Lysuzyme-EDTA 5.40 33 0.02
Sonication 6.54 . 22 .01
2M Gu HC 260 46 02
4M Gu.HCl 412 144 08
™ Gu.HC 7.2 19180 100
GuHCl: guanidine hydrochloride

(iv) The supernatant fluid obtained in Example 1Gi) was .
dialyzed against 0.01M Tris-HCl buffer (pH 8.5) and then
centrifuged at 19,000xg for 10 minutes to give 94 ml of a
dialyzed supernatant fiuid. This was applied to a DE 52
(DEAE-cellnlose, Whatman, Great Britain) column (50 ml -

- in volume) equilibrated with 0.01M Tris-HC! buffer (pH 8.5)
for protein adsorption. Proteins were eluted with a Hnear
NaCl concentration gradient (0-0.15M NaCl, 1 liter). The
fractions with IL-2 activity (53 ml) were concentrated to 4.8
ml using a YM-5 membrane (Amicon, USA) and subjected
to gel filtration using a Sephacryl S-200 (Pharmacia, Swe- .
den) column (500 ml in volume) equibrated with 0.1M
Tris-HCI (pH 8.0)-IM NaCl buffer. The active fractions (28
mi) thus obtained were concentrated to 2.5 ml using a YM-S
membrane. The concenirate was applicd to an Ultraparc
RPSC (Altex, USA) column for adsoprtion, and high per-
formance liquid chromatography was performed using a
trifluoroacetic acid-acetonitrile system as the mobile phase.
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of Cohen et al. [Proc. Natl. Acad. Sci. USA, 69, 2110 (1972)] to obtain a
_transformant (Escherichia coli DH /pTF4) carrying said plasmd.
Exanple 1 (i) E. coli DH /pTF4 (obtained in Reference Exanple 3) was
i noculated into 50 mM of a liquid nmedium (pH 7.0) containing 1% Bacto
tryptone (Difco Laboratories, USA), 0.5% Bacto yeast extract

: _18_

The conditions used: coiumn, Ultraporc RPSC (4.6X75
mm); column temperature, 30° C.; solvent A, 0.1% trifluo-
roacetic acid-99.9% waler; solvent B, 0.1% trifluoroacctic
acid- 99.9% acetonitrile; clution program, minute 0 (68%
A+32% B)-minute 25 (55% A-+45% B)—mimte 35 (45%
A+55% B)—minutc 45 (30% A+70% B)-minute 48 (100%
B); elution rate, 0.8 ml/min; detection wave length, 230 nm,
An active fraction was collected at a retention time of about
39 minutes. Thus was obtained 10 ml of a solation contain-
ing 0.53 mg of non-glycosylated human 1L-2 protein fspe-
cific activity, 30,000 Ulmg; acHvity rccovery from the
stariing material, 30.6%; purity of protein, 99% (determined
by densitometry on an SDS—polyacrylannde gel electro-
phorctogram)].

Lyophilization of the above solution gave a white powder,
The powder had a specific activity of 26,000 U/mg.

(V) Human JL-2 protein obtained in Example 1 (iv) was
examined for the following properties:

(1) Homogencity:

Staining with Coomassie Brilliant Blue following SDS-
polyacrylamide gcl electrophoresis according to Laemmliet
al. [Nature, 227, 680 (1970)] revealed only a single band of
said human IL-2 protein (cf. FIG, 5). The locatior of the
band remained unchanged under reducing conditions as well
as under non-reducing conditions,

(2) Molecular weight: '

The molecular weight of said human IL-2 protein was
calculated to be about 15,000 daltons based on the resnit of
SDS-polyacrylamide gel elcctrophoresis (cf. FIG. 5).

(3) Amino acid composition:

A 20-ug portion of said buman If.-2 protein was placed in
a glass test tube for hydrolysis, constant boiling hydrochlo-
ric acid containing 4% thioglycolic acid was added, the tube
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H

(Difco Laboratories, USA), 0.5% sodiumchloride and 7 [err]g/m
,tetracycline as placed in a 250-m Erlenneyer flask. After incubation at
37[err] C overnight on a swing rotor, the culture nmediumwas transferred to

a 5-liter jar fernmenter containing

-19 -

was then sealed in vacuo and hydrolysis was performed at
110° C. for 24, 48 or 72 hours. After hydrolysis, the tube was
opened, the hydrochloric acid was removed under reduced
pressure, and the residue was dissolved in 0.02N hydrochlo-
ric acid and subjected to amino acid analysis using a Hitachi
modet 835 amino acid analyzer. For determination of cystine
and cysteine, said human IL-2 protein was oxidized with
- performic acid by the method of Hirs [Methods in Enzymol.,
11, 197 {(1967)] followed by hydrolysis in constant boiling
hydrochloric acid under reduced pressure for 24 hours. The
hydrolyzate was subjected to cysteic acid determination
using an amino acid anatyzer The results obtained by the
above amino acid analyses axc shown in Tablc 3. The values
are each the mean of three values respectively obtained after
24, 48 and 72 hours of hydrolysis e¢xcept for the values for
serine and theeonine which were determincd by extrapola-

tion to zero time of hydrolysis.
TABLE 3
Amino acid Mol= %
Asp/Asn 88
Thr 93
Sex 57
Glw/Gln 137
Pro 34
Gly 17
Ala 38
% Cye 23
Vil 31
Met 37
Tle 83
Leu 163
Tyr 23
Pbe 45
Lys 83
His 25
Arg 31
Tip 1.1
(4) N-Terminal amino acid sequence:

A 34-yg portion of said homan I1-2 protein was analyzed
for the N-tcrminal amino acid sequence by applying the
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- 24 - _ 2.5 liters of M nmedium containing 0.5% casam no acids, 0.5%
.glucose and 7 [err]g/m tetracycline. [Incubation was then con-

-2 -

automatic Edman degradation method using a gas-phase
protein sequenator (model ‘470A, Applied Biosystcms,
USA). Phenylthiohydantoin-amino acids (PTH-amino
acids) were identified by high performance liquid chroma-
tography using a Micropak-SP column (Varian, USA). The

PTH-amino acidoracidsdcmcwdmcachstepmshownm

Table 4.
TABLE 4
Step : PTH-amino acid detected

1 Al

Met

2 Pro

Ala

3 Thr

Pro

4 Sex

Thr

5 Scr

] Scr

7 Tixe

8 Lys

9 Lys

10 Thr

1 Gin

12 Len

13 Gln

14 Len

15 Glu

16 Y*

17 Leu

18 len

19 Lew

20 Asp

*Not yet identified.
(5) C-Tenminal amino acid:

ASS-pgporhonofsmdhxmmL2protmnwasplaoedin

a glass test tube for hydrazine degradation, 0.05 ml of
anh;mltonshydmzincwasaddedandthembcwassealcdin
vacuo and heated at 100° C. for 6 hours. The bydrazine
degradation praduct obtained was lyophilized and dissolved
in distilled water. Benzaldehyde was added to the solution,
the mixture was stirrcd at room temperature for 1 hour and
then wntriﬁxged. The aqnemm layer thus obtained was

Been Re Iaoed
s Sheet Has: This is the replacement sheet

i~ i




ducted with aeration and stirring at 37[err]C for 4 hours and, after
~addition of 3-[err]-indolylacrylic acid (25 [err]g/m), for a further 4
hours. Cells were harvested fromthe thus-obtained 2.5-liter culture broth
by centrifuging, frozen at -80C and stored. (ii) The freeze-stored

cells (12.1 g) obtained in Exanple
_21...

lyophilized and subjectbd to amino acid analysis using a
Hitachi model 835 amino acid analyzer. Threonine alone
was detected.

(6) Tryptic peptide mapping
A 15-pg portion of said human IL-2 protein was digested
with 0.4 pg of trypsin (Washington, USA) in 120 ul of
0.02M sodinm hydrogen carbonate at 37° C. for 18 hours.
Then, 5 pl of 2-mexcaptoethanol was added and the reaction
was contintted at 37° C. for an additional 2 hours. Thereafier,
the reaction was terminated by addition of 75 il of 1%
triffuoroacetic acid. High performance liquid chromatogra-
phry of the reaction mixture, which was pecformed undcr the
;Ioadlzons given below, gave an elution pattern shown in -
Cotljuslﬁl;. Ultrasphere-Octyl (5 um, 4.6250 mm; Altex,
Column temperature: 30° C.;
Mobile phasc:
Salvent A, 0.02% triflucroacetic acid-99.98% water;
Solv;mt B, 0.02% trifuloroacetic acid-99.98% acetoni-
trile;
Minute O (95% solvent A+5% solvent B)-mmute 40
(30% solvent A+70% solvent B);

Flow rate: 1.0 ml/minute;

Detection: Fluorcscence method [Analynml Blochem.
67, 438 (1975)] using flnorescamine (Roche, USA).

(7) Activity against I -2-dependent cell lines

Assay of non-glyoosylated human II.-2 protein according
to the invention in accordance with the method described in
Biochem. Biophys. Res. Commmn, 109, 363 (1982)
revealed that said IL-2 protein had an activity that promoted
tritiated thymidine uptake in an IL-2-dependent mouse cell
line (NKC3; cf. FIG. 7) as well as in an IL-2-dependent
buman cell line {cf. FIG. 8).

Furthermore, said IL-2 protein was dissolved in 20%
FCS-added RPMI-1640 medium o a conccntration of 0.5
U/ml, and 2x10° cells/ml of the NKC3 cell line were
suspended in the medium. Subculturing was continued on a
Linbro Multi dish (Flow, USA) at 37° C. in the presence of
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| (i) were suspended in 100 m of an extractant (pH 7.0) containing 7 M
guani di ne hydrochloride and 0.1 M Tris.HO, the suspension was stirred at
“4[err]Cfor 1 hour and the |lysate was centrifuged at 28,000 x g for 20
mnutes to obtain 93 nml of a supernatant. (iii) Separately, various
procedures were conducted to

-2 -

5% CO, while repeating viable cell counting and resuspend-
ing the culturc in a new fresh medium at 2- or 3-day
intervals. As a result, said I-2 protein was found to have an
activity to maintain the growth of the NKC3 cell line for a
long perod of time, as itlustrated in FIG. 9.

EXAMPLE 2

(Preparation for injection}

The non-glycosylated human IL-2 protein-containing
solution obtained in Example 1 (iv) is applied to a CM
Toyopearl (Toyo Soda, Japan) column cquilibraled with
0.025M ammonivm -acetate buffer (pH 5.0) nnder aseptic
conditions for adsorption, followed by elnotion with the
above buffer containing 0.15M NaCl. The cluate is dilated
by addition of an appropriatc amount of 0.15M NaCl, then
HSA is added to a concentration of 0.5%, and the mixinre is
filtered through a membrane filter (0.22 um in pore diam-
eter). The filtrate is distributcd asepticaily in 1-ml portions
into vials, followzd by lyophilization. The human IL-2
preparation for injection in each vial is dissolved in 1 ml of
distilled water for injection prior io nse.

REFERENCE EXAMPLE 4

The plasmid pILOT 135-8 obtained in Reference
1 was cleaved with the restriction cnzyme
- HgiAL The thus-obtained l294prNAﬁagmemwas
treated with T4 DNA polymerase 10 have fiat ends and was
connected with EcoRI linker STIGCCATGAATTCATGGCA
by using T4 DNA Lgase. The thus-gbtained DNA was
digested with EcoRI to obtain a DNA fragment which
additionally had translational start codon ATG and hnman
IL-2 gene.

This DNA fragment was inscrted by using T4 DNA ligase:
into ptrp 781 [Nucleic Acids Research, 11, 3077 (1983)]
which had been digested at the EcoRI-PstI site. The thus
obtained expression plasmid pTF 1 had a translational start
codon and a buman IL-2 gene downstream from the trp

promoter (FIG. 10).
F//__,/
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f

extract IL-2 fromthe transformant E. coli DH /pTF4 cells obtained by the
.nmet hod of Exanple 1(i) to conpare the respective extraction efficiencies.

-23 -

The plasmid pTF 1 was cleaved with thc restriction
enzymc Stul and joined with the BamHI linker. This plasmid
DNA was treated with the restriction enzymcs BamHI and
EcoRI, followed by insertion into pTB 281, which has the

at the EcoRI-BamHI sitc. The expression
plasmid thus obtsined was named pTB 285 (FIG. 11).

REFERENCE EXAMPLE 5

Escherichia coli N4830 was transformed with the plasmid
pTB285 obtained in Reference Example 4 in accordance
with the method of Cohen ct al. [vide supra] to obtain a
transformant (Escherichia coli N4830/pTB285) carrying
said plasmid.

EXAMPLE 3

E. coli N4B30/pTB285 obtained in Reference Example 5
was inoculated into 50 ml of a Lgquid medinm (pH 7.0)
containing 1% Bacto tryptone (Difco Laboratories, USA),
0.5% Bacto yeast extract (Difco Laboratories, USA), 0.5%
sodium chloride and 7 pg/ml tetracycline and placed in a
250-m! erlenmeyer flask. After incubation at 35° C. over-

~ night on a swing rotor, the culiure medium was transferred
to a S-liter jar fermenter containing 2.5 liters of M9 medium
containing 0.5% casamino acids, 0.5% glucosc and 7 pg/ml
tetracycline. Incubation was then conducted with acration
and stirring at 35° C. for 4 hours and 42° C. for an additional
3 hours. Cells were harvested from (he thus-obtained 2.5-
liter cultre broth by ocmnfugat:on,ﬁozen at —80° C. and
stored.

By the extraction and purification of said cclls according

- to Example 1, highly purified buman IL. Zptotemhavmgme
same properties as that in Example 1 (V) was obtained fmm
the E. coli N4830/pTB285 cells mentioned above.

The following references, which are referred to for their
disclogures at various points in this application, are incor-
porated berein by refcrence.

Science, 193, 1007-1008 (1976)

Immunological Reviews, 51, 257-278 (1980)

The Joumal of Immumnology, 123, 2928-2929 (1979)

Nature, 268,154-156 (1977)
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- 25 - In a |ysozyme-EDTA nethod, 2 g of E. coli DH/pTF4 cells
obtained in Exanple 1(i) were mxed with 16 mM of a solution (pH7.0)
‘containing 0.1 MTris-HO, 10 mM EDTA and 250 ng/l |ysozyne, the m xture
was stirred at 4[err]C for 1 hourand subsegently at 37[err]C for 5

m nut es, and the |ysate -

The Journal of Immunology, 130, 981-987 (1983)
ibid., 125, 19041909 (1980)
ibid., 130, 17841789 (1983)
ibid., 130, 1970-1973 (1983)
European Journal of Immunology, 10, 719-722 (1980)
Naturc, 284, 278-280 (1980)
Nature, 302, 305-310 (1983)
Nucleic Acids Research, 11, 4307-4323 (1983)
Biochemical and Biophysical Rescarch Communication,
109, 363-369 (1982)
Cell, 8, 163-182 (1976)
Nucleic Acids Research 9, 2251-2266 (1981)
Methods in Eazymology, 68, 41-50 (1979)
Proc. Natl. Acad. Sci. USA, 72, 3961-3965 (1975)
Method in Enzymology, 68, 220-242 (1979)
Proc. Natl. Acad. Sci. USA, 74, 560-564 (1977)
Nucletc Acids Research, 9, 309-321 (1981)
Proc. Natl. Acad. Sci.USA, 73, 4174-4178 (1976)
Nature, 217, 1110~1114 (1968)
Cell, 25, 713-719 (1581) ._
Proc. Nafl. Acad. Sci. USA, 69, 2110-2114 (1972)
J. Experiments in Molecular Genetics, pages 431-433
. (Cold spring Harbor Laboratory, New York, 1972)
Journal of Immnnology, 130, 988992 (1983)
The Journal of Immunology, 120, 2027-2032 (1978)
- Haemostasis, 7, 183 (1978) '
I. Molecular Biology, 96, 495-509 (1975)
Proc. Natl. Acad. Sci. USA, 75, §765-5769 (1978)
Nucleic Acids Research, 9, 6103-6114 (1981)
ibid.. 7, 1513-1523 (1979)
Methods in Enzymology, 11, 197-199 (1967)
Analytical Biochem., 67, 438-445 (1975)
Nucleic Acids Research, 11, 3077-3085 (1983)
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was centrifuged at 28,000 x g for 20 m nutes. In_a sonication
.method, 2 g of the cells nentioned above were suspended in 16 nl of a

solution (pH7.0) con- taining 0.1 MTris-HO, the suspenisSheet Was BSsHRESHER
to sonication at O[err]C for 5 mnutes and the | ysate wa at
28,000 x g for 20 m nutes. ﬂ

-25 -

What is claimed is:

1. A substantially pure non-glycosylated human intetleu-
kin-2 protein having a specific activity of not less than 10°
U/mg, which reacts negatively in the limulus lysate test.

2. A protein according to claim 1, which has a amino acid
sequence of the formala:

X-Ala Pro Thr Ser Ser Ser Thr Lys Lys Thr Gin Leu Gin
Lew Glu His Lew Leu Lew Asp Len Gin Met He Len Asn
Gly Iic Asn Asn Tyr Lys Asn Pro Lys Leu Thr Arg Mct
Leu Thr Phe Lys Phe Tyr Met Pro Lys Lys Ala Thr Gin
Leu Lys His Len Gin Cys Len Gin Glu Glu Len Lys Pro
Leu Glu Glu Val Leu Amn Leu Als Gin Ser Lys Asn Fhe
His Leu Arg Pro Arg Asp Leu De Ser Asa [le Asn Val
_He Val Leu Glu Leu Lys Gly Ser Glo Thr Thr Phe Met B
Cys Gl Tyr Ala Asp Gla Thr Ala Thr e Val Glu Phe
Leu Ase Arg Tep Tie Thr Phe Cys Gin Scr e e Ser
Thr Len Thr

wherein X is Met or hydrogen.

3. A protein according to claim 1, which is in a freeze
dred lyophilized form.

4. A pharmaceutical composition which comprises a sub-
stantially pure non-glycosylated human interleukin-2 pro-
tein having a specific activity of not less than 10* U/mg,

. which reacts negatively in the linmlus lysate test, and a
Fharmaceuﬁcally acceptable carrier, vehicle or diluent there-
or.

S. A composition according to claim 4, which is an
injectable preparation.

6. A method of producing a pharmaceutical composition
containing a substantially pure non-glycosylated human
interleukin-2 protein having 2 specific activity of not less
than 10% U/mg, which comprises admixing said protein with
a pharmaceutically acceptable carrier, vehicle or diluent
therefor. o

7. A substantially pure homan Interleukin- 2 protein
which is purified from a microbial transformant using
reverse phase HPLC, wherein the purified protein exhibits a
specific activity of at least 1x10* Ufmg, which reacts nega-
tively in the Hmnlus lysate test.

* ¢ L M s x|
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In a guanidine-HO nethod, 2 g of the cells nentioned above were m xed
wWth 16 m of solutions (pH7.0) contain- ing 0.1 MTris-HO and 2M
4M or 7M guanidine-HO, the mixtures were stirred at 4[err]C for 1 hour
and the |ysates were centrifuged at 28,000 x g for 20 m nutes. Supernatant
fluids thus obtained were used for the neasurenments of protein concen-

tration and IL-2 activity. -2 -

8. The buman Interfenkin-2 protein of claim 7 which has
a purity of about 99% as determined by SDS-PAGE.

9. The homan Imtcrlcukin-2 protein of claim 7 which
displays a single band on SDS-PAGE analysis under both
redncing and non-reducing coaditions.

10. The non-glycosylated human interleukin-2 protein of
claim 1 having a purity of abont 99% as determined by
SDS-PAGE. . .

11. The pharmaceutical composition of claim 4, wherein
the non-glycosylated human interlenkin-2 protein has a
purity of about 99% as determined by SDS-PAGE.

12. A purified recombinant human Interleukin-2 (IL~-2)
composition wherein the IL-2 is unglycosylated and active,
having an IL-2 content of at Jeast about 95% as deiermined
by reducing SDS-PAGE analysis, and reacts negatively in
the limnlus lysate test and is thus low in protein impurity and
pyrogens.

13. The purified recombinant IL-2 composition of claim
12, wherein the IL-2 content is greater than about 99% as
determined by reducing SDS-PAGE.

14. The purificd recombinant uman I1.-2 compoamon of
claim 12, wherein the composition is purified using a
purification process comprising hydrophobic column chro-
matography from a buman intcrleukin-2-containing liquid
obtained by 2 method comprising growing a transformant
carrying a DNA segment having a base sequence coding for
human interlenkin-2 to cause production and accumulation
of human interleukin-2 in the culture broth.

15. The purified recombinant lmman IL-2 composition of
claim 14, wherein the hydrophobic column chromatography
is a high pedormance liquid chromatography vsing a
reversed phase column.
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The results are summarized in Table 2. Table-2. Extraction of |L-2

‘Extraction Protein IL-2 activity Rel ati ve procedure
concentration in the extract ratio (mg/ m) '
(Um) (%9 Lysozyme- EDTA 5. 40 :
0. 02 Soni cation 6. 54 . 2.2 0.01 2M Gu. HG
2. 60 46 | 0.2 -1- )
Ddel B8stNI Xbal
N\ 77777
Haelll l I
Rsal HGIAl  yinst BstNI HoellL

| . L 4 i 1 I3 2

| B L L4 L T | . |

o 100 200 - 300 400 500 600 bp

FIG. 1

MOLECULAR WEIGHT

= 92500
~—~—86200

— 45000

s j— 31000

D [ 21500
D e |— 12400
R
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4M Gu. HC
.22

19100

4.12

144
100 Gu. HO :

-2 -

0.8 7M Gu. HC

guani di ne hydrochl ori de

5/ GGGGGGGGGGGGGGGGGATCACTCTCTTTAATCACTACTCACAGTAACC

S1

TCAACTCCTGCCACA ATG TAC AGG ATG

ATT
ACT

CAT

AAT

CTG
TAT

120

AGA
133

GCA CTA AGT CTIT GCA
TCA AGT TCT ACA AAG
20

"TTA CTG CTG GAT TTA

AAT TAC AAG AAT CCC
AAG TTT TAC ATG CCC
60
CTT CAG TGT CTA GAA
GTG CTA AAT TTA GCT
CCC AGG GAC TTA ATC

GAA CTA AAG GGA TCT
GCT GAT GAG ACA GCA

CIT GTIC
AARA ACA

CAG ATG

AAA CTC
AAG AAG

GAA GAA

CAA AGC
AGC AAT

100
GAA ACA

ACC ATT

CAA

ACA

ATC

ACA
GTA

CTC CTG

S20
AAC AGT

CTA CAA

-TTG AAT

AGG ATG
ACA GAA

AAA CCT

AAC TTT
AAC GTA

TTC ATG

GAA TTT

TCT TGC

1

GCA CCT

CTG GAG

GGA ATT

40

CTC ACA

CTG

CIG GAG

80
CAC

ATA GTT

TGT GAA

CTG AAC

TTA

TGG ATT ACC TTT TGT CAA AGC ATC ATC TCA ACA CIG

ATTTAAATATTTAAATTTTACCCCCCCCCCCCCCC3 !

ACT TGA TAATTAAGTGCTTCCCACTTAAAACATATCAGGCCTTCTATTT
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(iv) The supernatant fluid obtained in Exanple 1(ii) was dial yzed agai nst

,0.01 MTris.HA buffer (pH 8.5) and then centrifuged at 19,000 x g for 10

mnutes to give 94 m of a dialyzed supernatant fluid. This was applied to
a DE 52 (DEAE-cel |l ul ose, Whatman, G eat Britain) colum

1

-3 -

X~Ala Pro Thr Ser Ser Ser Thr Lys Lys Thr Gln Leu Gln

Leu Glu His
Gly Ile Asn

40
Leu Thr Phe

~ Leu Lys Hisi

Leu Glu Glu
80
His Leu Arg

Xle Val Leu

Cys Glu Tyr

120
Leu Asn Arg

133
Thr Leu Thr

Leu lLeu Leu
Asn Tyr Lys

Lys Phe Tyr

Leu Gln Cys
Val Leu Asn

Pro Arg Asp

Glu Leu Lys
Ala Asp Glu

Trp Ile Thr

20
Asp Leu

Asn Pro
Met Pro
60
Leu Glu
Leu Ala

Leu Ile

Gly Ser
Thr Ala

Phe Cys

Gln Met Ile
Lys I..eu. Thr

Lys Lys Ala

Glu Glu Leu

Gln Ser Lys

Ser Asn Ile

100
Glu Thr Thr

Thr Ile Val

Gln Ser Ile

Leu Asn

Arg Met

Thr Glu

Lys Pro
Asn Phe

Asn Val

Phe Met
Glu Phe

Ile Ser

FIG. 3
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(50 M in volune) equilibrated with 0.01 MTris.HC buffer (pH 8.5) for
.protein adsorption. Proteins were eluted with a linear NaC concentration
gradient (0-0.15 MNaC, 1 liter). The active fractions (53 m) obtained
were concentrated to 4.8 m  using a YM5 nenbrane (Am con, USA) and
subjected to gel filtration using a Sephacryl S-200 (Pharnmacia, Sweden)
colum (500 m in volune) equilibrated vm'tr)‘ 0.1 MTris.HCL

HgiAl CUT
T4 DNA POLYMERASE
Clal LINKER ADDITION

CGATAATGGCA
TATTACCGT

Clol CUT
-Pstl CUT

T4 DNA LIGASE

" Clal CUT
PstI CUT
Clal /
trppo
Tef
Pstl

FIG 4 ‘~
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The active fractions (28 m) obtained were
cconcentrated to 2.5 mMl using a YM5 nenbrane. The concentrate was applied
to an Utrapore RPSC (Altex, USA) colum for adsoprtion, and high
performance liquid chromatography was performed using a trifluoroacetic
acid- acetonitrile systemas the nobile phase. The conditions used:

colum, U trapore RPSC (4.6 X 6

(pH 8.0)-1 M NaC buffer.
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75 mm); colum tenperature, 30[err]C, solvent A 0.1%trifluoro- acetic
aci d-99. 9% water; solvent B, 0.1%trifluoroacetic acid- 99.9%
acetonitrile; elution program mnute O (68% A + 32% B) - mnute 25 (55% A
+ 45%B) - mnute 35 (45% A + 55%B) - mnute 45 (30% A+ 70% B) - mnute
48 (100%B); elution rate, 0.8 nml/nmin._ gdetection wave length, 230 nm An
active fraction

pILOT
135~-8

{. HgiAl CUT

2.1294 bp FRAGMENT

3.T4 DNA POLYMERASE

‘ 4.EcoRI LINKER pTGCCAWMTTCATGGCA

5.EcoR1, Pst1 CUT

MetAlaProThy ««--

AATTCATGGCACCTACT -~~~ CTGCA
GTACCGTGGATGA-~~-- 6

T4 DNA LIGASE

EcoRI

Pstl

FI1G. 10
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was collected at a retention tinme of about 39 mnutes. Thus was obtai ned

,10 ;i of a solution containing 0.53 ng of non-glycosylated human IL-2
protein [specific activity, 30,000 Uny; activity recovery fromthe

starting material, 30.6% purity of protein, 99% (determ ned by

densitonmetry -on an SDS- pol yacryl am de gel clectrophorogram].

Lyophi i zation of the above solution gave,a white

EcoRIX
Bglll o
ﬁ"‘” BomHI
pTF
l.Stul CUT pTB 28I
2. BamH!I LINKER
ADDITION
gcoRl CUT
1 BamHI CUT
EcoR1
EcoRl CUT
Bgl
/{ PLpo

BamHL

BanI LINKER
=
Psit

Stul

EcoRI CUT
BamH3I CUT

T4 DNA LIGASE

FIG. (I
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powder. The powder had a specific activity of 26,000 Ung. (V) Thé‘_‘aﬁ’mﬁa@
|L-2 protein obtained in Exanple 1 (ivy) was examned for the foll ow ng
properties: (1) Honpbgeneity: _ Staining with: Coomassie Brilliant Blue
foll owi ng SDS- pol yacryl am de gel - el ectrophoresi s ‘according to Laenm i

- 27 -
HIGH PURIFIED PROTEIN, PRODUCTION AND USE THEREOF
ABSTRACT

A substantially pure non-glycosylated human interleukin-2
protein having a specific activity of not less than 10* U/mg
is obtained by growing a transformant carrying a DNA having
a base sequence coding for human interleukin-2 to cause
-production and accumulation of human interleukin-2 in the
culture broth, subjecting the thus obtained human
" interleukin-2 containing liquid to a purification process
comprising a hydrophobic .column ct}romatography.
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] ;_.,2?_‘?&7‘?% 680 (1970)] revealed only a single band
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P -1 REPLACEMENT SHEET

| ._...._m.g.htls,z.;bnxx&agzﬁzi&_e_gf Production and Use Thereof

This invention relates to a human interleukin-2 protein
and a method of producing the same by a genetic engineering

technique.’

Interleukin-2 [also called T cell growth factor
(TCGF); hereinafter abbreﬁiated as IL-2] is a lymphokine
produced by T cells upon stimulation with a lectin or.
alloantigen, for instance [Science, 193, 1007 (1976);
Immunological Reviews, 51, 257 (1980)]. IL-2 enables
long-period culture of T cells by allowing them to
grow in vitro while maintaining their functioms. Further-
more, IL-2 reportedly promotes the mitogen reaction of
ﬁhymus cells (costimulator), restores the antibody production
by spleen cells against T cell-dependent antigens in nude
mice (T cell replacing factor) or promotes the differen-
tiation and proliferation of killer cells (killer helper
factor) [The Journal of Immunology, 123, 2928 (1979); Im-
munological Reviews, 51, 257 (1980)].

Killer T cell clones, helper T cell clones and,
further, natural killer cell clones have so far been
obtained in great numbers through the utilization of IL-2
[e.g., Nature, 268, 154 (1977); The Journal of Immunology,
130, 981 (1983)]. 1In addiﬁion to such direct use in T cell
or natural killer cell cloning, IL-2 can be used in selec-
tively growing killer T cells specific to_special-antigens,
for example killer T cells whichreccgnise 2 tumor anticen and
descroy thc.tumor,.ig vitro. By injecting the tumor--
specific kiiler T cells grown in this manner into an
animal, it is possible to inhibit and prevent the tumor growth

[The Journal of Immunology, 125, 1904 (1980)]. It is also
This is the replacement sheel
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of said human IL-2 protein (of. Fig. 5). The l'ocation of the band remai ned
“unchanged under reducing conditions as well as under non-reducing
‘conditions. (2) Ml ecular weight: The nol ecul ar wei ght of sai d human
| L-2 protein was calculated to be about 15,000 daltons based on the result
of SDS-polyacryl am de gel electrophoregif (ef. Fig. 5).

' REPLACEMENT SHEET

known that IL-2 induces the production of IFN-y [The Journal
of Immunology, 130, 1784 (1983)] and that IL-2 activates
natural killer cells [The Jourﬁal of Immunology, 130, 1970
(1983)1.

The above experimental facts suggest that IL-2 may
possibly be useful as an antitumor agent. IL-2 is known
to restore the helper T cell function in nude mice lacking
thymic function [European Journal of immqnology, 10,

719 (1980)] or restore the induction-of killer T cells

against homologous cells [Nature, 284, 278 (1980)] and,
therefore IL-2 can' be expected to be useful in treating
immunocompromised diseases.

However, large scale production of IL-2 has been
@ifficult so far, so that clinical applications thereof are
impossible for the time being. Accordingly, a technique
which renders it possible to produce highly purified IL-2 in
large amounts, iﬁ an easy and simple manner and at lov
cost has been awaited.

Taniguchi et al. cloned the human IL-2 gene by using
IL-2 mRNA isolated from the human T cell leukemia line
Jurkat as the starting material, reported the amino
acid sequence of human IL-2 protein as deduced therefrom
and expressed the gene in COS-7 Eeils [Nature, 302,

305 (1983)]. Later, Devos et al. reported that the human
spleen cell-derived IL-2 gene had been cloned and

expressed in Escherichia coli [Nucleic Acids

Research. 11, 4307 (1983)].. Nevertheless, so far, the
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(3) Amno acid conposition: A 20-[err]g portion of said human |L-2
protein was placed in a glass test tube for hydrolysis, constant boiling

"hydrochl oric acid containing 4%thioglycolic acid was added, the tube was
then sealed in vacuo and hydrolysis was perfornmed at 110[err]C_ _for_ 24, 48
or 72 hours. After hydrolysis, the tube-\gas opened, the BERMBENT SHEET d

was remnmoved under reduced

presence of an IL-2-like substance has been only estimated

on the basis of there being dete¢Ced TCGF activity. There is
no accountreporting that a human IL-2 protein produced

by a transformant carrying a DNA coding for human IL-2 has
actually been isolated in a purified form.

The present inventors conducted intensive researclies

in an attempt to develop a technique by which the desired

- IL-2 protein can be obtained thfough cloning of the hum#n
IL-2 gene utilizing the gene manipulation'technology, in-
troduction of the recombinanﬁ_DNA molecule obtained into
a host and expression of the human IL-2 gene in said host,
and as a result could establish a method of producing a
substantially pure, non-glycosylated human IL-2 orotein and
have completed the present invention.

Thus, the present invention provides a substantially
pure, non-glycosylated human IL-2 protein and a method of
producing said Human IL-2 protein which compfises culti-
vating a transformant carrying a DNA having a base sequence
coding for human IL-2 and purifying said protein from the
culture broth. '

The DNA coding for human IL-2 to be used in the
practice of the present invention is, for example, a
DNA (I) having the base sequence defined by codons 1-133
in Fig. 2. This DNA (I) may optionally have, at its 5°'
end, either ATG or a signalfsequeﬁce represented in Fig.

2 by codons $1-520 and preferably has TAA, TGA or TAG,
- This is the replacement sheet
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s .

;pressure, and the fesi due was dissolved in 0.02 N hydro- <chloric acid and
subjected to amno acid analysis using a Hitachi nodel 835 am no acid
‘anal yzer. For determination of cystine and cysteine, said human |L-2
protein was oxi- dized with performc acid by the method of Hrs [Methods
in Enzynol., 11, 197 (1967)] followed by hygrolysis |‘n REPLACEMENT SHEET

most preferably TGA, at the 3' end.
The DNA (I) -is pfefefably connected dowhétream from a

promoter, for example the'tryptophan (trp) promoter,

‘'rec A promoter or APl promoter, suitably the trp or APL promoter.
In accordance with.the jnvention, the mRNA coding

for hﬁman IL-2 is isolated from a culture of human peri-

pheral leukocytes stimulated by concanavalin A, for in-

.stance, then a single-stranded cDNA is synthesized using

reverse transcriptase, and further a double-stranded DNA

is synthesizgd. The DNA is inserted into a plasmid, the

recombinant plasmid is used for transformacion of a strain

of Escherichia coli cr Bacillus subtilis, for example,

and the cDNA-cantaining plasmid is cloned. 1In this

way, a double-stranded DNA coding for humen IL-2 can be
produced. o

More particularly, the human IL-2-encoding mPNA to be used

in the practice of the invention can be obtzined by the method of
 Hinuma et al. [Biochemical and Biophysical Research Com-
munications, 109, 363 (1982)). With the thus-obtained

human IL-2 mRHA as a templéte, 2 cDNA is synthesized

by the per se known method using reverse transcriptase,

and the cDXA is converted to 2 double-stranded DNA

(Maniatis, T. et al. Cell, 8, 163 (1976); Land, H. et 2l.,
Nucleic Acids Research, 2, 2251 (1981)]. This DNA is in-
_serted, for'example, into the plasmid pBR322 at the Pstl

restriction endonuclease cleavage site by the dG-dC homo-
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constant boiling hydrochloric acid under reduced pressure for 24 hours.
The hydrol ysate was subjected to cysteic acid determ nation using an am no
*aci d anal yzer. The results obtained by the above ami no acid analyses are
shown in Table 3. The values are each the nean of three val ues

-5- | REPLACEMENT SHEET

polymer ligation method [Nelson, T. S., Methods in Enzy-
mology, 68, 41 (1979)], for inmstance. Furthermore, an
oligonucleotide having the base sequence corresponding to
the amino acid sequence of a part of human IL-2, for in-
stance, is chemically synthesized and then labeled with
32P. Using this as a probe, the desired cione is select-

ed from among tetracycline- or ampicillin-resistant
" transformants by the per se known colony hybridization

method [Grunstein, M. and Hogness, D. S., Pfoc. Natl. Acad.
Sci. USA, 72, 3961 (1975); Alwine, J. C. et al., Methods

in Enzymology, 68, 220 (1979)]. The presence of human-

IL-2 gene is confirmed by determination of the base seguence of
DNA derived from the clone reacting positively in the above
hybridization method, by the M axam-Gilbert method [Maxam, A. M

al., Proc. Natl. Acad. Sci. USA, 74, 560 (1¢77)] ‘or the

dinucleotide synthetic chain te-u-ﬂatlcn method using phage

M13 [Messing, J. et al., Nucleic Acids Reseaxrch, 9, 309

(1981)]. Then, the whole,or.part,of the human IL-2 gene

is excised from the clone obtained, and inserted into a

plasmid, downstream from aﬁ appropriate promoter and the

SD (Shine and Dalgzrno) base sequence, for the subsequent

introduction into an appropriate host. |

The use of the trp proﬁoter, among others, as the promoter

is advantageous. As the host, é strain of

Escherichia coli (e.g. strain 294, strain DH1, strain N4830),

among others, is used with advantace.
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- 29 - respectively obtained after 24, 48 and 72 hours of hydro- lysis
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The strains Escherichia coli 294 [Beckman et al.,

Proc. Natl. Acad; Sci. USA, 73; 4174 (1976)], E. coli
DH1 [Selson, M. E. et al., Nature, 217, 1110 (1968)] and
E. coli N4830 [Cell, 25, 713 (1981)] are known strains. |

The transformatlon of such hostswith the DNA can be
padkmmed by the known method [Cohen, S. N. et al., Proc.
Natl. Acad. Sci. USA, 69, 2110 (1972)]. The host thus
obtained is cultivated in a per se known medium, such as
glucose- and casamino acid-containing M9 medium [Miller,

J. Experiments in Molecular Genetics, pages 431-433 (Cold
Spring Harbor Laboratory, New York, 1972)]. 1Imn cases
where the trp promoter is used, an agent such as 3-B-
indolylacrylic acid may be added for increasing the effi-
ciency of said promoter. The cultivation is generally ]
carried out at 15-435C for 3-24 hours, with aeration anc/or
stirring as mecessary.

In case where the APL promoter is used, the cultivation
is preferably carried out at a relatively low temperature of
about 30 to 36°C to grow the transformants,and then, of about
37 to 42°C to inactivate the repressor in the transformants
and to effectively expreés the DNA coding for human IL-2.

| Human IL-2 thus formeé can be assayeé using an
iL-2-dependent cell line. Since human IL-2 is known to
promote the growth of rat, mouse or other IL-2-dependent
cells as well as human IL-2-dependent cells [Immunological'
Reviews, 51, 257 (1980)], not oﬁly IL-2-dependent human
cell lines, but also rat or mouse IL-2-dependent cell lines
may be used [Journal of Immunology, 130, 981 and 988

(1983)].
This is the replacemsnt sheel

Date: 7 4 MAy 14989



were deternm ned by extrapolation to zero time of hydro- |ysis.
_Table 3 _ Amino acid Mle % Asp/ Asn
8.8 Thr 9.3 '

REPLACEMENT SHEET

In particular, mouse IL-2-dependent cell lines can

be maintained stably by subculturing for a long period of

time, so that their use can give highly reproducible assay
results. |

In extracting the human IL-2 according to the inven-
tion from cultivated cells, the cells, after cultivation,
are harvested by the known method, suspended in a solution of
a protein denaturing agent,such as a mineral acid salt of guanidine (e.g.
hydrochloride, nitrate, sulfate), and the suspension is stirred in the cold
and then gentrifuged, whereby an IL-2-contéining super-
natant is obtained, or the cells harvested are suspended
in a buffer and disrupted by sonication, lysozyme treat-
ment and/or freezing and thawing, followed by centrifuging
to givé an IL-2-containing supernatant. Any other appro-
priate method may also be usecd.

The isolation of IL-2 freom the zbove supernatant and
the subsequent purification of the szme can be carried out
by an apprbpriate combination of per se known methods of
separation and purification. Such known separation and
purification methods include, among others, methods utilizing
solubility differencessuch 3s salting out methodsané solvent pre-
cipitation methodi methods utilizing molecular weight
differences in the main, sucﬁ as dialysis, ultrafiltration, -
gel filcration and SDS-polyacrylamide gel electrophoresis,
methods utilizing charge differences, such as ion exchange
chromatography, methods utilizing specific affinities, such as
affinity chromatography, methods u:iiizing hydrophobicity

differences, such as reverseé phase high performance liquid
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chromatography, and methods utilizing isoelectric point
differences, such as isoelectric focusing. Since the
human IL-2 protein is highly hydrophobic, hydrophobic

column chromatography, in particular high performance

-1iquid'chromatography'using a reversed phase colummn, is

very effective in purifying said protein.
Thus, for instance, the cells obtained by culti-

vating a strain of Escherichia coli carrying the gene

coding for human IL-2 are suspended in a solution, preferably
in a buffer of a protein denaturing agent, such as guanidine

hydrochloride (in 2 concentraticn of 2 M to 8 4, preferably

6 Mtc&M), and. the suspension is stirred, preferablly at

0 - 5°C for 0.5 - 3 hours ané then centrifuged. The super-

natant thus collected is, as it is, or zfter concentration

1]

using an ultrzfiltrztion device or the like, subjected to
dialysis. The resulting preéipitate is removgd by centri-
fugation, the supernatant is subjected to anion exchange
chromatography using diethylaminoethyvlcellulose [e.g. DE 52
cellulose (Whatman, Gt. Britain) column}, for instance, and an
active fraction is collected.

Then, after concentration using an ultrafiltration

-device, the active fraction is subjected to gel filtration

using N,N'-methylenebisacrylamide-crosslinked allyldextran,
such as a Sephacryl S-200 (Pharmeacia, Sweden) column, or
the like. The active fraction collected is then subjected
to the above-mentioned high performan;e liquid chromato-
graphy. In this manner, the.non—qucosylatcd human IL-2
| This is the replacement sheet
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3.1 Met 3.7
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2.3 Phe - 4.5
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protein according to the invention can be obtained.
As the reversed phase system to be used in high
performance liquid chromatography, resins coated with

alkylated (C ) silanes are effectively used among others.

1-18
As the eluent, a C1-6 lower alkanol (e.g. ethanol, propa-
nol) or acetonitrile can advantageously be used, and the
eluent has a pH of 1.5-8, preferably 1.5-4. The rate of elution
is preferably 0.1-100 ml/min.

The human IL-2 proteiﬁ thus obtained can be turned
into a poﬁder by lyophilization as necessary. On the oc-
casion of lyophilization,.a stabilizer such as sorbitol,
mannitol, dextrose, maltose, glycerol or human serum
albumin (HSA) may be added.

When assayed for IL-2 activicty using, &s the index,
the radiocactive thymidine uptake by IL-2-depencent mouse
cells, the human IL-Z proteiﬁ obtained in accordance with
the present invention shows a specific activity of not
less than 1 x 104 U/mg. In accordance with the invention,
there can be obtazined a highly pure, non-glycosvlateé human
IL-2 protein having a specific activity of not less than
2 x 10£i U/mg anc up to 4 x 104 U/mg.

As mentioned herein, the IL-2 activity in units (U)
was calculated in the following manner.

Thus, an 1lL-2-containing sample was added to a
medium containing cellé of 2 mouse cell line whose growt

depends on the concentration of IL-2, and the whole

mizture was incubated at 37°C overnicht in the presence

This is the replacement shagt
o 24 Hry 1



Hi s
Trp

Arg _ 3.1

=N
sl

- 10 -

REPLACEMENT SHEET

of 5% CO the growth of said-cell line was determined

2t
using tritiated thymidine. For calculating.the

activity in units (U) in the sample in question, a standard

IL-2 (1 U/ml) was always used for comparison and
saidactivityimtunits {U) was calculated from the activity

ratio between the sample and the standard.

More particularly, célls of an IL-2-dependent mouse

cell line (NKC3) [Hinuma et al., Biochem. Biophys. Res.

Commun. , 109, 363 (1982)].maintained by subculturing in

207 FCS-added RPMI 1640 medium supplementeé with an IL-2-containing
conditioned medium at 37°C in the presence of 5% CO, are

washed twice with a scruﬁ-free RPMI 1640 mecdium ané resus-

pended in 207 FCS-added RPMI 1640 medium to 6 x 10° cells/ml.

An IL-2-containing sample is c¢istributed, iﬁ 50-ul
portions, into the wells in the first row of & 96-well
flat-botrtomed microticer plate (Nunc, Denmark). Using 50-
ul portions of 207 FCS-added RPMI 1640 mecdium, a two fold
serial dilution is produced until the i2th row. Then
the above NKC3 cell suspension is distributed, in 50-ul
portions, into zll the wells, followed by incubation at
37°C in the presence of 5% CO2 for 24 hours. After 20
hours of incubation, 1 uCi of tritiasted thymidine (Amer-

sham, Great Britain) is added to each well. Afcer con-

tinued incubation for 4 hours, cells were recovered onto

"a glass filter using a cell harvester (Flow, USA) and

measured for tritiated thymidine uptake using a liquid
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scintillation counter. In carryiﬁg out the above assay,

a standard IL-2 sample is subjected to the same procedure,
as with the sample to be assayed,and the tritiated thymidine
uptake is determined.

The calculation of the activity‘in units (ﬁ) is
carried out by the probit method according to the Journal of
Immunology, 120, 2027 (1978). Thus, the maximum uptake
in the standard IL-2 sample dilution series is
regarded as 100%, and the percentage (%) of the uptake
for each dilution stage is calculated. The values thué
obtained are plotted on a normal probability paper and
the dilution factor at whiﬁh the uptzake is 50z is deter-
mined graphically. Also for each’IL-Z-cpntaining sample,
the dilution factor at which the uptake is 507 is deter-

mined in the same manner. The amount of IL-

[\ %]

activity
conéained in the cﬁlture'supernatant after 48 hours
of incubation, at 37°C in the presence of 5% Co,, of a
suspension of human peripherél blood lymphocytes (5 x 106'
cells/ml) in 107 FCS-added RPMI 1640 medium supplemented
with 40 ug/ml of concanavalin A and 15 ng/ﬁl of 12-0-
tetradecanoylphorbol-13-acetate is defined as_i U/ml.

The IL-2 concentration (U/ml) of the sample is cal-

culated by the formula:

Dilution factor for sample at which 507 uptake is attained

Dilution factor for standard IL-2 szmple zt which 507 up-
take is attained
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thereto an automatic Edman degradation nmethod using a gas-phase protein
sequenator (nodel 470A, Applied Biosystens, USA).

Phenyl t hi ohydant oi n-am no acids (PTH am no acids) were identified by high
performance |iquid chromat ography wusing a M cropak-SP colum (Vari an,
USA). The PTH amno acid or acids detectedigzn- each step are shown in
Tabl e 4. - REPLACEMENT SHEET

The matural IL-2 obtained from the human peripheral
Elood had a specific activity of 20,000?70.000 U/mg as
determined by the. above aésay method. This activity is
almost equal to the activity of the non-glycosylated human
IL-2 protein according to-the present invention.

The non-glycosylated human IL-2 protein according to
the invention preferably comprises the polypeptide fII)'
having the amino acid sequence shown in Fig. 3 wherein
X is Met or hydrogen.

The human IL-2 protein produced in accordance with
the invention has the foliowing characteristics:

1) It is homogeneous in SDS-polyacrylamide gel électro-
phoresis énd haé a molecular weight of 15,000 = 1,000
caltons as determined by saic electrophoresis;

2) It containg_alanine or methionine as the amino-terminal
amino acid;

3) It contains threoniné as the carboxy-terminal amino
acid;

4) 1t has an activity of growing T cells or natural
killer cells while maintaining their functions.

The human IL-2 protein p:dduced in accordance with
.the invention reacts negatively in the iimulus lysate test
[Haemgsfaéis; 7, 183 (1978)] and is very low in impuricy
proteinsand pyrogen contents, so that it can be used

safely as a bulk substance for manufacturing injections

and so on.
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The non-glycosylated human IL-2.protein obtained in
accordance with the invention has
an activity of promoting the growth of normal T cells or
natural killer cells while maintaining their functions.
Therefore, the IL-2 pfotein according to the invention can
be used in growing and subculturing T cells or natural
killer cells in vitro for a long period of time or cloning
the same. Mofeover,_this property can be utilized in
human IL-2 activity measurement.

Furthermore, the human IL-2 protein of the invention
makes it possible to grow selectively antigen-specific
killer T cells, which recognize and destruct tumor antigens,
or natural killer cells, which are capable of killing_
tumor cells irrespective of the presence,or absence,of
an experience of antigenic sensitization, in vitro. When
inoculated into a living organism simulﬁaneously with thé
introduction of said killer cells into the living organism,
the human IL-2 of the presén: invention increases the anti-
tumor effect of killer.T cells. Therefore, it can be used
for the prevention or treatment of tumors,cr the treatment
of immunodeficiency diseases,in warm-blooded animals (e.g.
mouse, rat, rabbit, dog, cat, pig, horse, sheep, cartle,
human).'

The human IL-2 protein according to éhe invention
is a highly purified product, has little antigenicity for
humams and is low in toxicity. |
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As an agent for the pfevgnﬁion and treatment of
tumors, the human IL-2 protein of the invention can be
administered either parenterally or orally in the form of,
for example, injections 6r capsules prepared by appro-
priate blending or dilution with a per se known carrier.
It can be used either alone or in combination with killer
T cells or natural killer cells grown in vitro, as mention-
ed hereinbefore.

The human IL-2 protein according to the invention
has substéntially the same biologicgl activity as the
natural human IL-2 and accordéingly can be
used in the same manner as said natural one. Its disso-
ciation constant in relation to the IL-2 receptor of the
responding cells is very small, sc that a very small dose
is sufficient in most cases.

For the purpose of growiﬁg T cells in vitro, the
human IL-2 of the invention can'be added to the medium
in a coﬁcentration of about 0.01-1 U/ml, preferably
about 0.1-0.5 uy/ml.

In an example of the use for the purpose of growing
T cells in vitro, the IL-2 protein of the invention is
added, to a concentréﬁion of 0.1-0.5 unit/ml, to a cell

suspension containing, for example, alloantigen-sensitized

T cells obtained by 3-day mixed lymphocyte culture of

6 cells/ml),

human peripheral blood-derived T cells (1 = 10
with B cell transformants (1 x 10%® cells/ml) resulting from
X ray irradiation (1,500 rads) added, in RPMI 1640 medium

This is the replacement sheet
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containing 207 of fetal bovine serum. Cultivation is con-
tinued for about 1 month while_repéating medium exchange
at about one-week intervals.

' The transformant disclosed in the following examples,

namely Escherichia coli DH1/pTF4, has been deposited at the

Institute for permentation, Osaka (IFO) under the.deposit
number IFO-14299, and also deposited at the Fermentation Research
Institute, Agency of Industrial Science and Technoloéy , Ministy of
International Trade and Industry, Japan (FRI) under the accession
number of E‘ERM BP-628 of a deposit under the Budapest Treaty.

In the present specification and drawings, the bases
and amino acids, when indicated by abbreviations, are ab- .
breviated.gccording to the rules of the IUPAC-IﬁB Commission
on Biochemical Nomenclature or the practice in the field
concerned. Examples are shown in Table 1. In case oﬁtical_
isomerism is involved, the aﬁino acids mentioned are in the

L form unless otherwise specifically indicated.

Table 1
DNA: .Deoxyribonucleic acid
cDNA : Complementary deoxyribonucleic acid
A: Adenine
T: Thymine
G: Guanine
C: Cytosine
RNA: Ribonucleic acid
mRNA : Messenger ribonucleic acid
dATP: Deoxvadenosine triphosphate
dTTP: Deoxythymidine triphosphate
dGTP: Deoxyzuanosine triphosphate
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Table 1 (continued)

ATP: Adenosine triphosphate
EDTA: Ethylenediaminétetraacetic acid
SDS: Sodium dodecyl sulfate
Gly: Glycine

Ala: Alanine

Val: Valine

Leu: Leucine

Ile: Isoleucine

Ser:‘ Serine

Thr: Threonine

Cys: Cysteine

1/2 Cys: Half cystine

Met: Methionine
Glu: Glutamic a?id
Asp: Asparﬁic-acid
Lys: Lysine
Arg: Arginine
His: Histidine
Phe: Phenylalanine
Tyr: Tyresine

. Trp: - Tryptophan
Pro: Proline
Asn{ Asparaginé
Gln:. Glutamine
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Brief Description of the Drawings

Fig. 1 and Fig. 2 show the restriction enzyme map
of the plasmid pILOT135-8 obtained in Reference Example 1 (vii)
( = indicating the portion coding for the signal peptide
and 771 indicating the portion coding for IL-2) and the
primary scrﬁcture (base sequence) of said plasmid, res-
pectively. Fig. 3 shows the amino acid sequence of the
non-glycosylated human IL—lerotein accordihg to the inven-
tion, wherein X is M.et 6r a hydrogen atom . Fig. &4 shows
the scheme of constructing the expression plasmid pTFL;.
as taken-i.n Referencé Example 2. Fig. 5 shows the results of the
SDS-polyacrylamide slab gel électrophoreses performed in
Example 1(V) (1) and (2), Fig. 6 the trypsin digestion peptide
map mentioned in Example 1 (V) (6}, and Fig. 7 and Fig. 8 the -
eff'ect:s of the human IL-2 protein according to the invention
on the uptake of tritiated thymidine by .the NKC3 cell line
and human cell line, r_espe;:cively, as révealed in Example
1(v) (7).Fig. 9 shows the results of the long-period sub-

culturing of the NKC3 cell line conducted in Example 1(V) (7).
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Reference Example 1

(i) Isolation of mRNA coding for human IL-2

Lymphocytes prepared from the human peripheral blood
were incubated in RPMI 1640 medium supplemented with 10% fetal
bovine serum, 1l2-O-tetradecanoylphorbol-13-
acetate (TPA) (15 ng/nl) and concanavalin A (40 ug/ml) at
37°C to thereby induce IL-2. After 24 hours of incubation,
1x 1010 human lymphocyteé thus induced were disrupted.and
denatured in a'nolution containing 5 M guanidine thio-
cyanate, 57 mercaptoethanol, 50 mM Tris-HC1l (pH 7.6) and
10 mM EDTA using a Teflon homogenizer, then sodium N- .
lauroylsarcosinate was added ﬁo a concentration of 47, and
the mixture, after homogenization, was layeréd onto 6 ml
of 5.7 M cesium chloride solution (5.7 M cesium chlnride,
1 M EDTA) and centrifuged using a Beckman SW28 rotor at
24,000 rpm and 15°C for 48 hours, to give an ﬂNA precipi-
tate. This RNA precipitate was dissolved in 0.25Z sodium,
N-lauroylsarcosinate and precipitated with ethanol to give
10 mg of RNA. In a high-concentration salt solut@on'(O;S
M NaCl, 10 mM Tris-HCl pH 7.6, 1 =M EDTA, 0.2% SDS), this
RNA was adsorbed on an oligo{dT)cellulose column. Elution
with a low-concentration salt.solution (10 mM Tfis-HCl'pH
7.6, 1 mM EDTA, 0.37Z SDS) gave 300 ug of poly(A)-containing
mRNA. This mRNA was furthér subjected to precipitation
with ethanol, then dissolved in 0.2 ml of.a solution (10
mM T-ris.HCl pH 7.6, 2mM tD'rA, 0.3% SDS), treated at 65°C
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of anhydrous hydrazi ne was added and the tube was sealed in vacuo and
heated at 100[err]C for 6 hours. The hydrazine degradatics product
obt ai ned was | yophilized and dissolved in distil- |ed water. Benzal dehyde
was added to the solution, the mxture was stirred at roomtenperature for
1 hour and then centrifuged. The aqueous . gyer thus obtainﬁﬂgmas

| yophi | i zed PLACEMENT SHEggT

for 2 minutes and fractionated by 10-357 sucrose density
gradient centrifugation (at 20°C and 25,000 rpm for 21
hours using a Beckman SW28 rotor) into 22 fractions. An

aliguot of each fraction was injected into oocytes of

Xenopus 1aevis.and the IL-Z activity in proteins thus -

- synthesized was measured.l Fractions Nos. 11-15 (sedimen-
tation coefficient 8S-15S) were found to have IL-2 activ-
ity. About 25 ug of IL-2 mRNA was contained in these
fractions.

(ii) = Synthesis of single-stranded DNA

Using the mRNA obtained above and reverse transcrip-
tase, incubation was carried out in 100 ul of reaction solu-
tion (5 ug of mRNA, SOIug-of oligo(dT), 100 units of reverse
transcriptase, 1 mM dam, 1 mM dCTP, 1 m¥ dGIP, 1 = dTTP,
8 mM 1gCl,, 50 m¥ KC1, 10 m¥ dithiothreitol, 50 mM Tris-HC1
pH 8.3) at 42°C for 1 hour, followed by deproteinization
with phenol and treatment with 0.1 N NaOH at 70°C for 20
minutes for removal of RNA by decomposition.
(iii) Synthesis 0f double-stranded DNA

A double-stranded DNA was synthesized by treating
the thus-synthesized single-stranded complementary DNA in
50 ul of a reaction solution (the éame as the above-mentioned
reaction solution except that the mRNA and oligo(dT) were
absemt} at 42°C for 2 hours.
(iv) Addition of dC tail

This double-stranded DNA was treated with nuclease
This is the replacement sheet
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and subjected to amino acid analysis using a Hitachi nodel 835 anino acid
anal yzer. Threoni ne al one was det ect ed. :
- 32 - :

-2 - REPLACEMENT SHEET

Sl in 50 ul of a reaction solution (double-stranded DNA,

0.1 M sodium acetate pH 4.5, 0.25 M NaCl, 1.5 mM ZnSOa,

60 units of S1 nuclease) at room teﬁperature for 30 minutes,
followed by deproteinization with phenol and DNA precipita-
tion with ethanol. The DNA was treated with terminal
transferase in 50 ul of a reaction solution (double-stranded
DNA, 0.14 M potassium cacodylate, 0.3 M Tris (base) pH 7.6,

2 mM dithiothreitol, 1 mM CoCl,, 0.15 mM dCTP, 30 units of
terminal transferase) at 37°C for 3 minutes to thereby

cause extension of the double-stranded DNA by about 15 °
deoxycytidines at both ﬁhe 3' ends. This series of reactions
- gave sbout 300 ng of a deoxycytidine chain-containing double-.
stranded DNA.

(v) Cleavage cf Escherichis coli plasmid and addition of

¢C teai

Separately, 10 ug of Escherichia coli plasmid pBR322

DNA was treated with the restriction enzyme Pstl in 50 ul
of a reaction solution (10 pg of DNA, 50 mM NaCl, 6 mM
Tris-HCl pH 7.4, 6 mM ﬁgClz, ¢ m¥ 2-mercaptoethanol, 100
ug/ml bovine serum zlbumin, ZO units of PstI) at 37°C for
3 hours to thereby cleave the one Pstl recognition site
occurring in the pBR322 DRA, followed by deproteinization
with phenol. The cleaved plasmid pBR322 DilA was extended
by about 17 deoxyguanines at both the 3' ends by treating
with terminal transferase in 50 pl of a reaction solution

(10 ug of DNA, 0.14 M potassium cacodylate, 0.3 M Tris base

This ig the replacement sheet
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(6) Tryptic peptide mapping A 15-[err]g portion of said IL-2 sanple
was digested wth 0.4 [err]g of trypsin (Washington, USA) in 120 [err]| of
+0.02 M sodi um hydrogen carbonate at 37C for 18 hours. Then, 5 [err]l of
2- mer capt oet hanol was added and the reaction

-21 - ' REPLACEMENT SHEET

pH 7.6, 2 mM dithiothreitol, 1 mM CoClz, 0.15 mM GTP, 30

units of terminal transferase) at 37°C for 3 minutes.

(vi) Annealing of cDNA and tranéformation of Escherichia
The thus-obtained synthetic double-stranded DNA (0.1
pg) and 0.5 ug of the above-mentioned plasmid pBR322 were
annealed,by heating in a solution containing 0.1 M NaCl,
50 mM Tris-HC1l pH 7.6 and 1 mM EDTA at 65°C for 2 minutes
‘and then at 45°C for 2 hours followed by gradual cooling.

and the product was used for transformation of Escherichia

coli 294 in accordance with the method of Enea et al. [J.
Mol. Biol., 96, 495 (1975)].
(vii) 1Isolation of cDNA-containing plasmid

in this way, about 20, 060 tetracycline-resistant trans-
formants were isolated. DNAs of each of them were fixed

on a nitrocellulose filter. Based on the amino acid segquence

IL-2 reported by Taniguchi et al. [Nature, 302, 305 (1983)], the

Fh

C

] 3|
camplenentary oliccnucleotides of base seguences (s AR\ CAT CIT CAG TGT~ and

S'ACA TTC_ATG TGT GAABI) correponding to amino acids KRos.
74-78 (Lys-His-Leu-Gln-Cys) and amino acids Nos, 122-126
.(Thr-Phe-Het-Cys—Glu), respectiﬁely, were chemically syn-
" thesized by the phosphotriéster method [Crez, R. et al.,

Proc. Natl. Acad. Sci. USA, 75, 5765 (1978)].
These oligonucleotides were labeled with 32P at the
5' end by treatment with T4 polynucleotide kinase in 50 ul

of a reagtion:solution'(O.ZO ug of oligonucleotide, 50 mM

This is the raplacament sheet
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was continued at 37[err]C fora further2 hours. Thereafter, the reaction
was termnated by addition of 75 [err]l of 1% trifluoroacetic acid. High
performance |iquid chromato- graphy of the reaction m xture, which was

performed under the conditions given bel ow, gave a map shown in Fig. 6..

~.Colum: U trasphere-Cctyl (5 [err]m 4.6 X 0 mm Altex, USA): Col um .
tenperature: 30[err]C, ' X2 %E)PLACEMENTSHEET

Tris-HCl pH 8.0, 10 mM MgCl,, 10 mM 2-mercaptoethanol, 50

32P ATP, 3 units of T4 polynucleotide kinase) at

uCi of vy-
37°C for 1 hour. These labeled oligonucleotides, as probes,
were annealed with the above-mentioned DNAs fixed on nitro-
cellulose filter by the method of Lawn et a}f [Nucleic

Acids Res., 9, 6103 (1981)]. Four transformants reactive to the
above two oligonucleotide probes were detected by autoradio-
graphy. The plasmid DNA was.isblated from cells of each

.of these transformants by the Birnboim-Doly alkali method [Birn-
boim, H. C. & Doly, J., Nucleic Acids Res., 7, 1513 (1979)].
Then the insert in the plasmid DNA was cut out using the
restriction enzyme PstI. From among the plasmids isolated,

the one cohtaining the longest insert fragment was selected and named
pILOT 135-8. The restriction enzyme map of this plasmid.is
shown in Fig. 1.

The primary structure (Base sequence) of the c¢DNA
inserted in this pILOT 135-8 was determined by the dideoxy-
nucleotide method and the Maxam-Gilbert method. The primary
structure thus determined is shown in Fig. 2. The peptide
defined by this base sequence.consists of 153 aminb'acids,
starting with the synthesis étart signal (Nos. 64-66 ATG).

Of these, the 20 amino acids from the N-terminal are.con—
sidered to constitute a signal peptide. The above primary
structure has revealed that this plasmid has the whole base
Sequence_coding for the human IL-2 protein. This fact in-

.dicates that insertion of the gene inserted in said plasmid

This is the replacement sheet
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Mobi | e phase: Solvent A, 0.02%¢trifluoroacetic acid-99.98% wat er;
Solvent B, 0.02%triful oroacetic acid-99.98% acet o- nitrile;
™Mnute 0 (95% solvent A + 5% solvent B) - mnute 40 (30%
solvent A + 70% sol vent B);

- ¥ REPLACEMENT SHEET

into an appropriate expression plasmid can lead to production
of an optional polypeptide portion of the IL-2 protein.

Reference Example 2

The plasmid pILOT135-8 obtained in Reference Examle 1 was
cleaved with the restriction enzyme HgiAl. The thus-obtained
1294 bp DNA fragment containing the IL-2 gene was treaﬁed
with T4 DNA polymerase, joined with the Clal linker CGATA ATG
GCA, which containéd the codon GCA for alanine and the codon
ATG for methionine, and the product was treated with Clal
and Pstl, followed by insertion into ptrp771 at the Clal-
Pstl site. The expression plasmid thus obtained was named
PIF4 (Fig. 4).

‘Reference Example 3

Escherichia coli DHl1 was transformed with the plasmid-

pIF4 ob tained in Reference Example 2 in accordance with the mathod
of Cohen et al. [Proc. Natl. Acad. Sci. USA, 62, 2110

(1972)] to obtain a transformant (Escherichia

coli DH1/pTF4) carrying said plasmid.

Example 1
(i) E. coli DH1/pTF4 (obtained in Refe.rénce Example 3) was inoculated
into 50 ml of a2 liquid medium (pH 7.0) containing 1% Bacrto
tryptdne (Difco Laboratbries, USA), 0.5%7 Bacto yeast extract.
(Difco Laboratories, USA), 0.5% sodium chloride and 7 ug/ml
tecrﬁcycline as placed in a 250-ml Erlenmeyer flask. Afcer
incubation at 37°C overnight on a swing rotor, the culture

‘medium- was transferred to a 5-liter jar fermenter containing

This is the raplacement sheet
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Flow rate: 1.0 m/nminute; Detection: Fluorescence nethod [Anal ytical

Bi ochem , 67, 438 (1975)] using fluorescam ne (Roche, USA). (7)
‘Activity against |L-2-dependent cell [|ines Assay of the

non- gl ycosyl ated human IL-2 protein ac- cording to the invention,in
accordance with the nethod described in Bisgachem Biophys. E@s. Conmun.
109, : EPLACEMENT SHEET

2.5 liters of M9 medium containing 0.5%Z casamino acids, 0.57
glucose and 7 ug/ml tetracycline. . Incubation.was then con-
ducted with aeration and stirring at 37°C for 4 hours and,
after addition of 3-B-indolyiacry1ic acid (25 ug/ml), for a
further 4 hours. Cells were harvested from the thus-obtained
2.5-1liter culture broth by centrifuging, frozen aé -80°C

and stored.

(ii) The freeze-stored cells (12.1 g) obtained in Example
1(i) were sﬁspended in 100 ml of an extractant (pH

7.0) containing 7 M guanidine hydrochloride and 0.1 M
Tris-HCl, the suspension was stirred at 4°C for 1 hour and
the lysate was centrifuged at 28,000 x g for 20 minutes

to cbtain 93 ml of a supernatant.

{1ii) Separately, various procedures wefe concducted to
extract IL~2 from the transformant E. coli DH1/pTF4 cells
obtained by the method of Example 1(i) to compare the

respective extraction efficiencies.

This is the raplacament sheet
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!363 (1982),reveal ed that said IL-2 protein had an activity
- .33 - .

e

- 25 -

REPLAC MEQIT._SHEET :

In a lysozyme-EDTA method, 2 g of E. coli DH1l/pTF

cells obtained in Example 1(i) were mixed with 16 ml of a

solution (pH7.0) containing 0.1 M Tris-HCl, 10 mM EDTA and

250 mg/l lysozyme, the mixture was stirred at 4°C for

1 hour:; and subsegently at 37°C for 5 minutes, and the lysate

was centrifuged at 28,000 x g for 20 minutes.

In -2

above were suspended in 16 ml of

sonication method, 2 g of the cells mentioned

a solution (pH7.0) con-

taining 0.1 M Tris-HCl, the suspension was subjected to

sonication at 0°C for 5 minutes and the lysate was

centrifuged at 28,000 x g for 20 minutes.

In a guanidine-HCl method, 2 g of the cells mentiocned

above were mixed with 16 ml of

" solutions (pH7.0) contain-

ing 0.1 M Tris-HCl and 2M, 4M or ™ guanidine-HCl, the

mixtures were stirred at

4°C for 1 hcur and the lysates

were centrifuged at 28,000 x ¢ for 20 minutes. Supernatant fluids thus

obtained were used for the measurements of protein concen-

tration and IL-2 activity.
The results are summarized in Tzble 2.

Table 2. Extraction of IL-2

Extracticn Protein . IL~2 activity Relative
procedure concentration in the extract ratio
(mg/ml) (G/ml) (%)
Lysozyme—-EDTA 5.40 3.3 g.02
Sonication 6.54 2.2 0.01
2M Gu-HCl 2.60 46 0.2
4M Gu-°HC1 4.12 144 0.8
7.22 19100 100

1M Gu-HC1

Gu-HCl: guanidine hydrochloride

This is the réplacemem sheet
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to pronote tritiated thym di ne uptake in an |IL-2-dependent nouse cell line
((NKC3; cf. Fig. 7) as well as in an IL-2- "~dependent human cell line (cf.
Fig. 8). Furthernore, said IL-2 protein was dissolved in 20%

FCS- added RPM -1640 nediumto a concentration of 0.5 Umnm, and 2 x 10[err]
cells/m of the NKC3 cell line were suspeggled in the nmedium Subcul turing

ti d Li nb "
nas continued on & Linbro REPLACEMENT SHEET

(iv) The supernatant fluid obtained in Example 1(ii) was dialyzed
against 0.01 M Tris-HCLl buffer (pH 8.5) and then centrifuged

at 19,000 x g for 10 minutes t;b give 94 ml of a dialyzed
supernatant fluid. This v}as applied to

a DE 52 (DEAE-cellulose, Whatman, Great Britain) column

(50 ml in volume) equilibrated with 0.01 M Tris-HC1l buffer
(pH 8.5) for protein adsorptionm. Proteins.were eluted with

a linear NaCl concentration gradient (0-0.'15 M NaCl, 1 liter).
The active fractions (53 mly obtained were concentrated to4.8 ml -
‘using a YM-5 membrane (Amicon, USA) and subjected to gel

filtration using a Sephacryl S-200 (Pharmacia, Sweden)

column (500 ml in volume) equilibrated with 0.1 M Tris HCL

This is'the raeplacement sheet
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Mul ti dish (Flow, USA) at 37C in the presence of 5% CJerr] while
repeating viable cell counting and Fesuspending the culture in a new fresh
‘medium at 2- or 3-day intervals. As a result, said IL-2 protein was found
to have an activity to maintain the growh of the NKC3 cel|l line for a

l ong period of tine, as illustrated in Fig. 9. EPLACEMENT SHEET

(pH 8.0)~1 M NaCl buffer. The active fractions (28 ml)
obtained were concentrated to 2.5 ml using a Yi#-5 membrane.
The concentrate was applied to an Ultrapore RPSC (Altex,
USA) column for adsoprtion, and high performance liquid
chromatography was performéd using a trifluoroacetic acid-
acetonitrile system as the mobile phase,

The conditions used: column, Ultrapore RPSC (4.6 x
75 mm); column temperature, 30°C; solvent A, 0.1% trifluoro-
acetic acid-99.97% water; solvent B, 0.1% trifluoroacetic acid-
99.9%7 acetonitrile; elution proéram, minute 0 (68% A + '32%
B) - minute 25 (55% A + 45% B) - minute 35 (45% A + 552 B) -
minute 45 (307 A + 70%7 B) ; minute 48 (1007 B); elution race,
0.8 ml/min.; detection wave length, 230 nm. An active fraction
was collected at a retention time of about 39 minutes.
Thus was obtained 10 ﬁl of a solution containing 0.53 mg of
non-glycosylated human IL-2 protein [specific activity, 30,000
U/mg; activity recovery from the starting material, 30.6%
purity of protein, 99% (determined.by densitometry on an SDS-
polvacrylanide gel clectrophorogram)]}.

Lyophilization of the akove solution gave a white
powder. The powder had a specific activity of 26,000 U/mg.
(V) The human IL-Z_protein obtained in Example 1 (iv) was
examined for the following properties:
(1) Homogeneity: _

Staining with Cooméssie Brilliant Blue following SDS-

polyacrylamide gel electrophoresis according to Laemmli

This is the reptacemen shaet
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Exanmple 2 (Preparation for injection) : The non-gl ycosyl at ed human

| L-2 protein-containing solu- tion obtained in Exanple 1 (iv), is applied
to a CM Toyopear|l (Toyo Soda, Japan) colum equilibrated with 0.025 M
~ammoni um acetate buffer (pH 5.0) under asgptic conditions for adsorp-
tion, followed by elution with the above~™ftiffer containing 0.15 M NadC .
The eluate is diluted by addition of an appro-

REPLACEMENT SHEET

et al. [Nature, 227, 680 (1970)] revealed only a single band
of said human IL-2 protein (cf. Fig. 5). The location of
the band remained unchanged under reducing conditions as
well as under non-redﬁcing conditions.

(2) Molecular weight:

The molecular weight of said human IL-2 protein was
calculated to be about 15,000 daltons based on the result
of SDS-polyacrylamide éel eiectrophoresis (c£. Fig. S).

(3) Amino acid composition: -

A 20-ug portion of said human IL-2 protein was plaéed
in a glass test tube for'hydrolysis, constant boilin§
hydrochloric acid containing 4X thioglyco}ic acid was added,
the tﬁbe was then sealed in vacuo and hydrolysis was perfommed at 110°C
‘for 24, 48 or 72 hours. After hydrolysis, the tube was
opened, the hﬁdrochlcric acid was recoved under reduced
pressure, and the residue was dissolved in 0.02 & hydro-
chloric acid and subjected o amino acid analysis using a
Hitachi model 835 amino acid analyzer. For decermination
of cystine and cysteine, said human IL-2 protein was oxi-
dized with performic acid by the method of Hirs [(Methods
in Enzymol., 11, 197 (1967)] followed by hydrolysis in
constant boiling hydrochloric acid under reduced pressdre
for 24 hoﬁrs. The hydfolysate was subjected to cysteic
acid determination using an amino acid analyzer; The
‘results obtained by the above amino acid analyses are shown

"in Table 3. The values are each the mean of three values

This is'the replacement sheet
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priate amount of 0.15 M NaC, then HSA is added to a con- centration of
0:5% and the mxture is filtered through a nenbrane filter (0.22 [err]m
in pore diameter). The filtrate is distributed aseptically in 1-nmi

portions into vials, fol- |owed by |yophilization. The human IL-2
preparation for injection in each vial is_djgsolved in 1 m of distilled

- REPLACEMENT SHEET

respectively obtained after 24, 48 and 72 hours of hydro-
lysis except for the values for serine and threonine which

were determined by extrapolation to zero time of hydro-

lysis. |
Table 3

Amino acid Mole Z
Asp/Asn 8.8
Thr _ _ 9.3
Ser : 5.7
Glu/Gln 13.7
Pro 3.4
Gly 1.7.
Ala 3.8

' 1/2 Cys 2.3
Val 3.1
Met 3.7
Ile 6.3
Leu | 16.3

- Tyr 2.3
Phe 4.5
Lys 8.3
His 2.5
Arg 3.1
Trp 1.1

This is the replacement sheet

Date: 7 4 MAY 1999



wat erfor injection prior to use. - 34 -

- 30 - : '
REPLACEMENT SHEET

(4) N-Terminal amino acid sequence:

A 34-ug portion of said human Il-2 protein was ana-
'lyzéd for the N-terminal amino acid sequence by applying
thereto an automatic Edman degradation method using a
gas-phase protein sequenator (model 470A, Applied Biosystems,
USA). Phenylthiohydantoin-amino acids (PTH-amino acids)
were identified by high performance liquid chromatography
using a Micropak-SP éclumn (varian, UsA). The PTH-
amino acid or acids detected in each step a;e shown in
Table 4.

Table 4

Step PTH-amino acid detected

1 _ Ala
tlet
2 | Pro
Ala
.3 Thr
Pro
A | | Ser
Thr
Ser
Ser’
Thr
Lys -
Lys

O 0o ~! (o)) w
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What is clainmed is: 1. A substantially pure non-glycosyl ated human

interleu- kin-2 protein having a specific activity of not |ess than
10[err] U nmg, which reacts negatively in the linmulus lI'ysate test o
2. A protein according to claim11, which has a amno acid ~sequence of
the fornmul a: X-Ala Pro Thr Ser SerlSer Thr Lys Lys Thr G n Leu An
Leu Qu Hs Leu Leu Leu Asp-Leu G n Met Ile Leu Asn a

Tyr Lys Asn Pro Lys Leu Thr Arg Met Leu Thr Phe Lys Ph§E$¥$C@g?Nﬁ$gEET
Lys'Lys Ala Thr @ n ~ Leu Lys Hs Leu Gn Cys Leu GQu Gu Qu Leu Lys
Pro '

Table 4 (continued)

Step PTH~amino aci& detected
10 Thr
11 ' Glﬂ
12 _ Leu
13 : o Gln
14 - Leu
15 Glu
16 Y*
17 Leu
18 Leu
19 Leu
20 Asp

* Not yet identified.

(5) C-Terminal zmino acid:

A 33-ug portion of said human IL-2 protein was placed
in a glass test tube for hydrazine degradation, 0.05 ml
of anhydrous hydrazine was added and the tube was sealed
in 25532 and heated at 100°C for 6 nours. The hydrazine degradatics
product obtained was lyophilized and dissolved in distil-
led water. Benzzldehyde was added to the solution, the
mixture was stirred at room temperacure for 1 hour and then
centrifuged. The agueous laver thus obtained #as lvophilized -
and subjected to amino acid analysis using.a Hitachi model

835 amino acid analyzer. Threonine alone was detected.
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Leu Gu Gu Val Leu Asn Leu Ala @ n Ser Lys Asn Phe H's Leu Arg Pro

Arg Asp-Leu Ile Ser Asn Ile Asn Val Ile Val leu Qu Leu Lys Ay Ser
G@n Thr Thr Phe Met Cys Qu Tyr Ala Asp Gu Thr Ala Thr Ile Val Gu
Phe Leu Asn Arg Trp Ile Thr Phe Cys G n Ser Ile Ile Ser Thr Leu
Thr - wherein X'is Met or hydrogen. - 32 - 3. A protein_according to
claiml, whichis in a freeze dried lyophilized form’ REP ACﬁVEM*SHEET
phar maceuti cal conposition which conprises a sub- stantlalky pure

non- gl ycosyl ated human interl eukin-2 pro- tein having a specific

activity of not less than 10[err] U ny,
(6) Tryptic peptide mapping
A ls-ug portion of said IL-2 sample was digested
with 0.4 ug of trypsin (Washington, USA) in 120 ul of
0.02 M sodium hydrogen.carbqnate'at 37°C for 18 hours.
Then, 5 ul of 2-mercaptoethanol was added and the reaction
was continued at 37°C for a further 2 hours. Thereafter,'
the reaction was terminated by addition of 75 ul of 17
trifluoroacetic acid. -High performance'liquid chromato-
'graphy of the reaction mixture, which was performed under
the conditions'given below, gave a ﬁap shown in Fig. 6..
Column: Ultrasphere-Octyl (5 pm, 4.6 x 250 mm; Altex, USA);
Column temperature: 30°C;
Mobile ﬁhase:
Solvent A, (0.027% trifluoroacetic acid-99.987% water;
Solvent 'B, 0.027% trifuloroacetic.acid-99.982 aceto-
nitrile;
Minute 0 (95Z solvent A + 5% solvent B) - minute
40 (30% solvent A + 70% solvent B):
Flow rate: 1.0 ml/minute; .
Detection: Fluorescence method [Analytical Biochem., 67,
438 (1975)] using fluorescamine (Roche, USA).
(7) Activity against IL-2-dependent cell lines
-Assay of the non»glycosylatéd human IL-2 protein ac-
cording-to the invention,in accordance with
the method described in Biqchem. Biophys. Res. Commun., 109,

363 (1982),revealed that said IL-2 protein had an activity
This is the raplacement sheet
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whi ch reacts negatively in the i mul us | ysate test, and a

phar maceut

ically acceptable carrier, vehicle or diluent there- for.

5. A conposition according to claim4, which is an injectable preparation.
6. A nethod of producing a pharnacetical conposition containing a
" substantially pure non-glycosyl ated humen 33 - intel eukin- 2 protein having a

specific activity of not |ess than 10[err] U ny, F $€§FT
adm xing said protein with a pharmaceutically accep a'%e carr

vehicl e or
protein

di | uent 7. A substantially pure human Interleukin-2
eo"Breliobd Rikiheda LATEaThe’ Qiake! (SRR disldMhent
mouse cell line (NKC3; cf. Fig. 7) as well as in an IL-2-
dependent human cell line (cf. Fig. 8).

Furthermore, said IL-2 protein was dissolved in 20%
FCS-added RPMI-1640 medium to a concentration of 0.5 U/ml,
and 2 x 105 cells/ml of the NKC3 ceil line were suspended
in the medium. Subculturing was continued on a Linbro
Multi dish (Flow, USA) at 37°C in the presence of 57 CO,
while repe#ting viable cell counting and resuspending the
culture in a2 new fresh medium at 2- or 3-day iﬁﬁervals.' As
A result, said IL-2 pfotein was found to have an activity
to maintain the growth of the NKC3 cell line
for a long peridd of time, as illustrated in Fié. 9.

Example 2 (Preparation for injection)

The non-glycosylated human IL-2 protein-containing solu-
tion obtained in Example 1 (iv), is applied to a CM Toyopearl
(Toyo Soda, Japan) column equilibrated with 0.025 M ammonium
acetate buffer (pH 5.0) under aseptic conditions for adsorp-
tion, followed by elution with the zbove buffer containing
0.15 M NaCl. The eluate is diluted by addition of an appro-
priate amount of 0.15 M NaCl, then HSA is added to a con-
centration of 0.57, and the mixture is filtered through a
membfgne filter (0.22 um in pore.diameter). The filtrate
is distributed aseptically in l-ml portions into vials, fol-
lowed by lyophilization. The human IL-2 preparation for
injection in eaéh vial is aissolved in 1 ml of distilled

water, for injection prior to use.
This is' the rapiecemesm sheet
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"reverse phase HPLC, wherein the purified protein exhibits a | specific

activity of at least 1X10[err] U ng, which reacts nega- tively in the
-FFimulus |lysate test. _ - 35 - w
- 34 - REPLACEMENT SHEE
What is claimed is:

kin-2 protein having a specific activity of not less than 10
U/mg, which reacts negatively in the linmlns lysate test.

Z.Apmteinaccordingtoclaiml,whichhasamnowd
sequence of the formala:

X-Alz Pro Thr Ser Ser Ser Thr Lys Lys Thr Gin Lea Gin
Leu Glu His Len Leu Leu Asp Len Gin Met Hle Lew Aso
Gly Iic Aso Asn Tyr Lys Asn Pro Lys Leu Thr Arg Mct
Leu Thr Phe Lys Phe Tyr Met Pro Lys Lys Ala Thr Glu
Len Lys His Len Gin Cys Len Gin Glu Gla Leo Lys Pro
Leu Giu Glu Val Leu Am Lon Als Gin Ser Lys As Phe
$is Leu Arg Pro Arg Asp Leu De Ser Asa [le Asa Val

T Val Leu Giu Les Lys Gly Ser Gla Thr Thr Phe Met
Cys Glu Tyr Ala Asp Gla Thr Ala Thr I Val Glu Phe
Leu Ase Asg Tep Tic Thr Phe Cys Gin Scr e e Ser
Thr Len Thr - .

wherein X is Met or hydrogen. . |
- 3. A protcin according to claim 1, which is in 2 freeze
dded lyophilized form. .

4. A pbarmaceutical composition which comprises a sub-
stantiaily pure non-glycosylated human interleukin-2 pro-
tein having a specific activity of not less than 10* U/mg, -
which reacts negatively in the limmlus lysate test, and a

' ?harmaceuﬁunyaweptablecaxﬁcr,vehideortﬁluentthem-
or |

S. A composition according to claim 4, which is an

6. A method of producing a pharmaceutical composition
containing a substantially pure non-glycosylaied homan
interleukin-2 protein having a specific activity of not less
than 10° U/mg, which comprises admixing said protcin with
a pharmaceutically acceptable carrier, vehicle or diluent

7. A sobstantially pure homan Interleukin- 2 protein
~which is purified from a microbial transformant using
reverse phase HPLC, whercin the purified protein exhibits a
speeific activity of at least 1x10* U/mg, which reacts nega-
tively in the limnlus lysate test.

This is the replacement sheet
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8. The human Interleukin-2 protein of claim7 which has a purity of about
99% as determ ned by SDS- PAGE. 9. The human Interl eukin-2 protein of
‘claim 7 which displays a single band on SDS-PAGE anal ysi s under both
reduci ng and non-reducing conditions. °~ 10. The non-glycosyl ated human
interleukin-2 protein of claim1 having a° purity of about 99% as

determ ned by SDS- PACGE. 11. The pharnaceutical conposition of claimA4,
wherein the non-glycosylated human interleukin-2 protein has AREMENT SHEEDT
about 99% as determ ned by SDS- PAGE

8.Thehuman1nterlexﬂdn—2pmteinofdaim7 which has
a purity of about 99% as determined by SDS-PAGE.

9. The homan Intcricukin-2 protein of claim 7 which
displays a single band on SDS-PAGE analysis under both
reducing and non-redncing conditions.

10. The non-glycosylated human interleukin-2 protein of
claim 1 having a purity of about 99% as determined by
SDS-PAGE.

11. Theplnmaceunml composition of clzim 4, wherein
thc non-glycosylated human inteddenkin-2 protein has a
purity of about 99% as dctermined by SDS-PAGE.

12. A purified recombinant human Intedeukin-2 (IL-2)
composition wherein the IL-2 is unglycosylated and aclive,
baving an IL-2 content of at Jeast about 95% as determined
by reducing SDS-PAGE analysis, and reacts negatively in
the limnlus lysate test and is thus low in protein impurity and

~ pyrogens,

13. Thcpmﬁedmoombmmn.acompomnunofclmm
12, wherein the IL-2 content is greater than about 99% as
determined by reducing SDS-PAGE.

14. The purificd recombinant Iuman I1-2 composition of

claim 12, wherein the composition is purified using a
purification process comprising hydrophobic column chro-
msatography from a homan intcricukin-2-containing liquid
obtained by 2 method comprising growing a transformant
carrying a DNA segment having a base sequence coding foc
human interlenkin-2 to cause production and accumulation
‘of human interleukin-2 in the culture broth.
- 15. The purified recombinant lmman IL-2 composition of
claim 14, wherein the hydrophobic column chromatography
is a high performance liquid chmmatogmphy using a
reversed phase column.
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12. A purified reconbinant human Interleukin-2 (l1L-2) conposition wherein
the IL-2 is unglycosylated and active, having an |IL-2 content of at |east
about 95% as determined by reducing SDS-PAGE anal ysis, and reacts
negatively in the linmulus lysate test and is thus lowin protein inpurity
and. pyrogens. 13. The purified recorbB@mant |L-2 conposition of claim
12, wherein the IL-2 content is greater than about 99% as determ ned by

reduci ng SDS- PAGE. 14. The purified reconbi nant human 1L- @Eﬂﬁé '
of claim 12, wherein the conoposition is purified using a puﬁF?? |cﬂy§WEET
process conpri sing hydrophobi c col um chro- matography froma human

I nterl eukin-2-containing liquid
ABSTRACT

Title: HIGHLY PURIFIED PROTEIN, PRODUCTION AND USE THEREOF
A substantially pure non-glycosylated human
interleukin-2 protein haviné a specific activity of not less
than 104 U/mg is obtained by growing a transformant
carrying a DNA having a.base‘sequence coding for human
interleugin-z to cause prodﬁction and accumulation of human
interleukin-2 in the culture broth, and subjecting the thus
obtained human interleukin-2-containing liquid to a
purification §r6¢ess comprising a hydropholic column

chromatography.

FIGURE 3.
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obt ai ned by a nethod conpri si-ng gromnng a transfornant carrying a DNA
segnent having a base sequence coding for huran interleukin-2 to cause
*production and accunul ati on of human interleukin-2 in the culture broth.
15. The purified reconbi nant human IL-2 conposition of claim14, wherein
t he hydrophobi ¢ col uim chromat ography is a high performance |iquid
chromat ography using a reversed phase £q@ wm.

REPLACEMENT SHEET
Ddel BstNI Xbal
I‘/////////////////
N2 4119,
l . HaelI[ : l
Rsal HgiAl Hinfl BstNI Haelll
6 160 200 360 460 560 600bp

Fig .1
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TCAACTCCTGCCACA

ATT GCA

ACT TCA

CAT TTA

AAT AAT

TTT AAG

CAT CTT

GAA GTG

AGA CCC

CTG GAA

TAT GCT

120

AGA TGG

133

ACT TGA

CTA AGT
AGT TCT
CTG CT6
TAC AAG
TTT TAC

CAG TGT

CTA  AAT

AGG GAC

CTA AAG

GAT GAG

ATT ACC

S1

2 -

REPLACEMENTS EET -
GGGGGGGGGGGGGGGG GATCACTCTCTTTAATC ACTACTCACAGTAAC

ATG TAC AGG ATG CAA CTC CTG TCT TGC

CTT

ACA

20
GAT

AAT

ATG

CTA

TTA

TTA

GGA

ACA

TTT

GCA
AAG
TTA
cCcC
CCC
60
GAA
GCT
ATC
TCT

GCA

TGT

CTT GTC
AAA ACA
CAG ATG
AAA CTC
AAG AAG
GAA GAA
CAA AGC
AGC AAT
100

GAA ACA

ACC ATT

CAA AGC ATC ATC TCA

ACA AAC
CAG CTA
ATT TTG
ACC AGG
GCC ACA
CTC AAA
AAA AAC
ATC AAC
ACA TTC

GTA GAA

s$20 1
AGT GCA

CAA CTG

AAT GGA

40

ATG CTC

GAA CTG
CCT CTG

TTT CAC

GTA ATA
ATG TGT
TTT CTG

ACA

CCT
GAG
ATT
ACA
AAA
GAG
80
TTA
GTT
GAA ‘

AAC

CTG

TAATTAAGTGCTTCCCACTTAAAACATATC AGGC.CTTCTAT TT

. . i
ATTTAAATATTTAAATTTTACCCCCCCCCCCCCCC 3

Fig.2
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]
X-Ala Pro Thr Ser Ser Ser Thr Lys Lys Thr Gin Leu Gin

20
Leu Glu His Leu Leu Leu Asp Leu GlIn Met Ile Leu Asn

Gly Ile Asn Asn Tyr Lys Asn Pro Lys Leu Thr Arg Met

40 .
Leu Thr Phe Lys Phe Tyr Met Pro Lys Lys Ala .Thr Glu

60
Leu Lys His Leu Gin Cys Leu Glu Glu Glu Leu Lys Pro

Leu Glu Glu Val Leu Asn Leu Ala Gln Ser Lys Asn Phe

80 :
His Leu Arg Pro Arg Asp Leu Ile Ser Asn Ile Asn Val

: 100
Iie Val Leu Glu Leu Lys Gly Ser Glu Thr Thr Phe Met

Cys Glu Tyr Ala Asp Glu Thr Ala Thr Ile Val Glu Phe

120 .
"Leu Asn Arg Trp Ile Thr Phe Cys Gln Ser Ile Ile Ser

133
Thr Leu Thr

Fig.3
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HgiAI cut
T4 DNA polymerase

clal linker additior

(CGATAAT.GGCA)
TATTACCGT

.‘ Clal cut
_ \ - PstI cut

)\ T4 DNA ligase
Clal

Clal cut
Pst] cut

Pstl

Fig .4
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REPLACEMENT SHEET

Molecular weight

~=|=—92500
.~ |~—66200
~ ==

—--=-45000

~=|—--31000

e |- -~ 21500

T = |=— 14400

1. non-glycosylated human Il—-2 protein -
| (under non-reducing conditions)

2. non—glycosylated human IL-2 protein
(under non- reducing conditions)

.3. molecular weight markers

Fig .5
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P

(x10%c.p.m.)
B

n

Uptake of tritiated thymidine

o —
i
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Dilution rate (log )

Fig.8
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(x103cells/ml)
a

> 4 6 8 10 12 14
Cultivation days

Fig.S

| o This is the replacement sheet

Date: 7 ¢4 way

¥



