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S for assaying certain b;oactive substances and determining
R -~ their immunological activity with respect to their ability .
to induce production of cytokines. Cytokines, such as
interferons (IFNs) and tumor necrosis factors.(TNFs), are
. hormone-like proteins which play an important role in
10 virtually all immunological reactions, as well as in the
reguiatory process responsible for the maintenance of
homecostasis. The production of such cytokines can be induced
by certain substances which, on account of their biocactive
and immunomodulating activity, are useful in the therapy of
15 1mmunodef1ciencies and related diseases. :

There is, of course, a substantial need of methods for
properly and easily assaying the immunological activity of
such bioactive substances. It is the object of the present
20 invention to provide such a method.

The method according to the present invention allows to
determine whether a tested substance is able to induce
production of different cytokines and permits a quick and
25 efficient check of the properties of certain substances,
namely their immunological activity, at each stage of
production, separation, purification and formulation into"
final compositions. The psesent invention provides also a
} 'composition andﬁkits suitable for carrying out said method.
© 30 ‘ -
_ Tests used until now to determine immunological activityfare
. . numerous but difficult to carry out. When a new
therapeutical composition having an.xmmnnologlcal effect 1s
_ clinically tested, its immunological effectiveness is
35 evaluated by mcnitoring the numerous, well known and
analytically determlnable features of immunoliogical systems
employing standard ‘methods. Once the activity is proven,
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5 In clinical studies, evaluating IFN serum ievels may be
difficult, unprecise and misleading. Interferons are often
produced locally in various tissues, they are short-lived,
their action is paracrine (in the immediate vicinity only)

and they are strongly bound to cellular receptors and

10 carrier proteins..

On the other hand, technological processes for
manufacturing, purification and/or separation of
immunologically active substances such as in particular,

15 extracts from raw peat are usually multi-step processes, and
there is always the need for establishing a reliable and
fast test enabling a thorough control of the production.
Moreover, since the substances are frequently of a complex
nature, as it is the case with peat extracts, it is

20 important to have a similar test for determining the
activity of individual fractions of such substances. It is
also necessary to find out a microscale testing method,
since the products to be analysed are very costly.

25 The following four basic findings allowed to solve the above

described problems.

1. Some immunoactive peat extracts induce tﬁe production
of éytokines, such as inferférons and tumor necrosis
30 . factors, in in-vitro cultures of peripheral blood
leukocytes, the ;nduction being dependant on the dose.

2. -Interferon-pf (and TNF-a} is produced in significantly
higher quantities by BALB/c mice resident peritoneal
35 " cells (RBEC) when treated with immunoactive peat
extracts as compared to a spontaneous release of these
cytokines in non-treated samples.

M
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may be difficult, unpreci,se and m. sl eadin terferons are often produced
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receptors - ang methyl-5-benzoylamino—isothiazol—4—carhoxylic acid and

B indomethacin. This allows the use of much smaller
quantities of immunologically active substances to show

~ "their activity.

10 4. PBL of healthy volunteers treated with TTP (a certain
peat-derived product) administered orally at a dosage
of 5 mglday, tested fdr induction of certain cytokines,
IFN-a, IFN-y and TNF-a, lose the ability- to respond to

. induction of the cytokines with TTP solution after

15 prolonged, uninterrupted administration of TTP orally
and regain this ability after approximately two weeks
of hiatus.

The method according to the présent invention comprises the
20; steps of treating a human peripheral blood leukocyte (PEL)
culture or a suspension of BALB/c . mice resident peritoneal
cells (RPC), with a solution of the substance to be tested
in order to induce production of cytokines, and then
determining said cytokines according to standard
25 identification methods.

The peripheral blood leukocyte (PBL) culture used according
to the first variant or embodiment of the instant method is
a short term culture prepared from fresh leukocytes of

30 healthy humans with a nutrient medium suitable for tissue
culture. The preferfed density of a ready-for—use_cuiture is
about 8 x 106 leukocytes/ml. The solution to be tested is
preferably used in a concentration of 0,1 - 200 ug/ml. The

3 ' method is, in partlcular, suitable for testing peat

35 extracts.



20 cartier proteins. On the other hand, technol ogical procesw\-
manuf act uring, purification and/or separation of inmunol ongBialsﬂ:e&rﬁthéeY&rflaced :

substances such as in particular, 25 extracts fromraw peat ﬂgﬂ

mul ti-step processes, and there is always the need for-estajl m m "’

rel iFabl e WS8R0t est enabling a thorough control of the pro

Mor eover, since the substances are frequentl¥ of a conplex nature, as it is
the case with peat extracts, it is 30 inportant to have a sinilar test for.

determning the activity of individual fractions of such substances. It is

al so necessar 2 microrsaake aleﬁemznﬁiem dsst ipossikileodhen rthe tsodgidiohudics
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al l owed to sol\ve the above descri
d with an :meunomodulating agent, such as a non-

steroxdal anti-inflammatory drug, preferably a substance
5 selected from the group comprising organoselenium compounds,
such as ébselen, certain isothiazole derivativés, such as
the p-chlorophenylamide of 3-methyl-5-benzoylamino-~
isothiazole~4-carboxyiic acid, and indomethacin, as well as
analogs, homologs and metabolites of such substances.
10 _ . -
Examples of organoselenium compounds which can be used for
this purpose are compounds of the following formulae 1-3;
the compound of formula 2 (Ebselen) being preferred:

5 | @;(NH—O
HN)@

(1) Bis-—[z-( N—phenylcarboxam:.do) I—phenyldiselenz.de

{(2) 2-Phenyl-1, 2—bénzisose1enazol—3(ZH)-one (Ebselen PZ 51)

20

30

35
(3) Bis-[2-(N-(2-pyridyl)carboxamido)]-phenyldiselenide
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wherein Ry is halophenyl, preferably chlorophenyl, Ry is

10 phenyl and R3 is lowexr alkyl, preferably methyl. The halogen
atom in the halophenyl group, chlorophenyl group Ry is
preferably in p-position of the phenyl ring.

The preferred compound of the above formula I is the p-

15 chlorophenylamide of 3-methyl-5-benzoylamino-isothiazole-4-

) carboxylic acid, i.e. the compound of farmula I wherein R4

is p-chlorophenyl, R, is phenyl and Ry is methyl. For
brevity sake, this compound will be referred to beiow as |
'Compound ITCL'. There exists a Trade Mark regxstra:ion

20- "VRATIZOLINR" for this compound in Poland. Its synchesis and
properties are described in Arch. Immunol. et Ther. Exp.
1973, 21, 891, '

All the 1mmunomodulating agents referred to above for bezng
25 useful for micro-scale determinationms, d.e. the '
organoselenium compounds, the isothiazole derivatives and
indomethacin, have in common that they are non-steroidal
anti-inflammatories which inhibit the synthesis of
prostaglandins. They amplify the test results in the method
30 according to the present invention. For this reason, they
are particularly useful for micro-determinations.
Amplification of the results may be 5-20 times.

’\

w Out of all the various non-steroidal anti-inflammatory
35 compounds useful for the purpose of amplification, seleno
organic compound (1, 2 and 3) and compound ITCL, but
especially indomethacin, are the preferred ones.



their activity. 20 4. PBL of healthy volunteérs treated with TTP (a
certain peat-derived product) adm nistered orally at a dosSage of 5 ny/day,
tested for induction of certain cytokines, IFN-a, |IFNy adsptNragBech R88ackdre

ability nd to 25 i nduction of the cytokines i on
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ablllty after approximately two weeks of regt .
adm nistration. 30 The nmethod according to t he present invention conprises

basically the steps of treating a human peripheral bl ood | eukocyte (PBL)
culture or a ¥osthesinstentoinsentions diffezentpantiseval which (RPC),

th | ut t gd
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of 35 cytokines, en determ ni_ng sai
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different cytokines. Identificatlon of the induced cytokines
5 should take place at the moment of completion of the
cytokine formation and prior to its proteolysis. Among
different cytokines induced,.some are formed slowly and
remain stable in the solution, as for example .interferon v,
while others are formed rapidly and are susceptible to:
10 proteolysis, as for example tumor necrosis factors.

The method as described above may be employed also for the

determination of an immunclogical response of a human

individual to a certain immunoactive substance, provided
15 that such immunological response is not stimulated by other
factors, as for example by viral or bacterial infections. It
may be applied for monitoring of the drug response in _
_individual patients, for the determination of the optimal
‘dose of a therapeutic cytokine inaucer, such as TTP,. as well
as for the establishment of the effective scheme of the drug
administration. The method is based on the assessment of the
‘hyporeactivity state to IFN induction.

20

Thus, the present invention also relates to a method for
25 determining the immunological response of a human individual
to a therapy using a cytokine inducing immunomodulator
substance. Said method is characterised in that a peripheral
blood leukocyte (PBL} culture of the human individual
treated with such immunomodulator substance, is treated in
30 defined time inktervals with a solution of the substance
administered in order to induce production of cytokines,
which are then determined according to standard methods
(inclﬁding_ELISA assays of cytokines)}, in order to determine
‘the moment of development of hyporeactivity to the substance
35 after prolonged administration of the substance and the
moment of regaining the ability to respond to an additional
dose of the substance after a certain period of hiatus.

¥
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1 3 FEB 1998 The nmethod according to the present invention iS5 defined as
follows: Method for testing bio-active, cytokine indugipg,i.rigsaemaduhagor
substances by determining their imuno- 5 | ogi cal activ i zed
in that a) wo®m3régergl ture, conprising human peri pheral Hl%ﬁmgmlmul €S 12998
(PBL) obtained fromdonors that are not hyporeactive to

I nduction, is prepared with a nutrient nedi wun&auwtable for tissue 10
culture; or b) a suspension of fresh resident peritoneal cells (RPO

bt ai ned f b 8 week ___heal BALB/
Chat are not | TRBRoFAUR: ANCFSAA MRe PR SRt A IRHE el FATR N g |

spont aneous -15 cyt oki ne production, is prepared with a suitable
In a preferred embodiment, the above method is applied in
s the course of a therapy using a peat extract as cytokine -

5 inducing immunomodulator substance.

According to a particularl& preferred embodiment of the

invention, this method is applied in the course of a therapy

using TTP as cytokine inducing inmunomodulator substance,
10 said TTP being, inter alia, the subject of PCT application

No. PCT/EP92/00491, wherein said TTP, its characteristics
" *.and its production are described in detail.

In view of the above, the instant invention alsc relates to
15 TTP, whenever used, tested or determined accordzng to the
methods of the instant invention.

The present invention alsc provides, in its second variant,
for a testing method which is suitable for quick monitoring
20 of technological processes for the production, purification,
separation or the like of the immmunoactive substances. For
instance, when a suspension of BALB/c mice resident
peritoneal cells (RPC) is treated with the solution to be .
tested, mice interferon-ff as well as tumor neqrosis factor
25 are induced. Both may be detected and qualitatively |
determined according to standard identification metbods. In
this method, a suspensioh of fresh mouse resident peritoneal
'cells (RPC), containing approx. 1 x 106 cells/ml is used.
- The-soluﬁibn to be tested is prepared in a2 nutrient medium
30 Eagle, or RPMI-1640 with the addition of 10% of fetal calf
serum. The results obtained are evaluated against a

. calibration curve prepared with a model substance. As a-
model substance, a sample of the same immunologically active
LA "substance tested in a traditional way may be used. aAgain,

35 the method is particularly suitable for monitoring the
process for obtaining peat extracts as well as anaiysing

their fractiomns.
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formulation of antihodies. Until now, it was not possible to
find any similar method due to the fact that the

' immunosystem of mice significantly differs from the human

immunosystem and tests recognised as indicative. for human
immunologic response - such as the presence of interferons
in the tissues of spleen or lymphonodes etc. - do not work
with the best laboratory test animals, i.e. with mice of

‘BALB/c type.

It was now found that a clear immunclogical response of the
BALB/c mice can be cbtained when resident peritoneal cells
(RPC) are chosen as a2 biological material for testing, fresh

- suspensions of such cells being used. For each test it is

sufficient to sacrifice just three animals. Results are
obtained within several hours. The biological material may

also be cultured and a correspond:.ng line of macrophages be

established.

The method according to the present invention employs the
use of biological material, namely a peripheral blood
leukocyte (PBL) cuiture ‘or a suspension of BALB/c mice
resident peritoneal cells (RPC), according to the
information given above. Presenée and concentration of each
cytokine is determined by methods for testing and
standardisation of interferons known from "Methods in
Enzymology", 1986, voI.119, part C: “"Interferon", edited by
Sidney Pestka. Determination of the whole spectrum of
cytokines ‘induced :.den{:if:.es the immunological status of a

patient.

For the proper evaluation of the results, it is essential
that the bioclogical material for carrying out both variants
of the method according to the present invention is selected

[
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35 extracts. A mcro-scale determ nation is possible when the solution t
be tested, e.g. a peat extract or a fraction thereof, is*‘“"ah1xed'mﬁth an

i munonodul ati ng agent, such as a non- steroidal anti-inf [RL: PlayBedii Reéplaced
pr ef er abl ywp ostesirgice sel ected fromthe group conprisi ng mm wlﬁ‘m
I'C

conpounds, such as Ebsel en, certain isothiazole derivativeg
p- chl or ophenyl ani de of 3-net’hyl - 5- benzoyl anmimnd® ﬁSOthIaZO
acid, and indonethacin, as well as analogues ‘honol ogues and met abol i tes of

ichhfgb;L?ngz g%acorrp PJ(?SE of IESP% OWI ng forwlf%%ggsusggm fes
of formula 2 (Ebakemfnos dadirsidualsi: Whp (showsiz hypo-reactivity (ra:re '
[ 2- (N- phenyl car hayag)dol] -Pheidl SEdvdd ¥ immunological response, should

* _be excluded from the evaluation. In case of the BALB/c mice
5 RPC suspension, samples taken from additionally stimulated
“ animals (for example infected ones) should also be excluded

from the evaluation. In case of the BALB/c mice RPC
suspensions, samples should not be taken from too young or
from too old animals, as there is an age-dependent’

10 deficiency in cytokine production in such mice. 5-8 weeks
old heaithy animals should be selected. Samples showing very
high spontaneous production of cytokines should be -
eliminated, especially when immunoregulatory substances are
tested, since no potentiation of cytokine induction or

15 sometimes even reduction of such induction may be observed.

That embodiment of the method according to the present _
invention, whe;ein amplification of the results is é&hieved
by admixing a non-steroidal anti-inflammatory drug (one of
20 the substances referred to above, such as compournd ITCL or
seleno organic compound 1, 2 and 3, but preferably
indomethacin) to the solution to be tested, is a microscale
test, particularly suited for determining the induced TNF
and IFN activity. This test is economic, fast, applicable
25 )
for assaying a great number of samples simultaneously and
suitable for standardization and, at least partial,
automatization.

30 The two variants of the method according to the present .
invention are described by way of example in more detail

P below:

* Preparation of the solution of the substance to be tested:

35 The substance to be tested, e.g. a peat ext*act, is
dissolved in sterile bidistilled water at a concent:atzon of

10 mg/ml. The samples are sterilized by filtration through



15 (2) *2- Phenyl - 1, 2- benzi sosel enazol -
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0.45 pm, 600 kPa max Millipore(R), antibacterial filters.
Next, solutions are made in a complete RPMI-1640 medium

- containing heat-inactivated fetal bovine serum (FBS).

a) The PBL variant:

Cytokine induction
Buffy coats from healthy blocd donors may be ohi:a:med from

the regional transfusion center. ‘Alternatively, peripheral
blood leukocytes (PBL) may be isolated from heparinized
venous blood@ of healthy volunteers by Ficoll-Hypaque(R) (or

'Histopaque(n}} density gradient (g = 1.077) centrifugation,

with subsequent twice washing of the cells. The erythrocytes
were lysed with NH4,Cl treatment according to Cantell et al.
{Cantell, XK., Hirvonen, S., Kauppinen, H.L.: Production and
Partial Purification of Human Immune Interferon. Meth.
Enzymol. 119, 54, 1988). The leukocytes from a single donor
containing approximately 8x106 leukocytes/ml in REMI 1640
medium supplemented with 10% fetal bovine serum (FBS), I~
glutamine and antibiotics were used. All lots of FBS were
pretested. Only non-mitogenic FBS for PBL cultures was used.

‘The cytokine inducers were added to 200-1000.ul volumes of

the cultures. The reference cytokine inducers were
phytohemagglutinin (PHA) (Pharmacia Fine Chemicals, Sweden
or Sigma, USA). The induced cultures of PBL were :.ncubated

in an atmosphere of 5% CO; in air at 37°C for 20 h and

-6- Exarrpl es of

'S

centrifuged. Supernatants were stored at 4°C and assayed for

IFN activity within_ one week. Supernatants for TNF activity
determination have to be stored at -90°C or in liquid
nitrogen to avoid inactivation due to proteolysis.

Interferon assay

Confluent monolayers of A543 cells were prepared in
microplates in Dulbecco-modified Minimum Essential Medium
(DMEM) with 10% FBS, L-glutamine, and antibiotics

(penicillin 100 units/ml and streptomycin 100 pg/ml). IEN

oy
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The preferred conmpound of the above fornula | is the p- chlorophenyl ani de
of :3-met hyl - 5-benzoyl ami no-i sot hi azol e-4- carboxylic acid, - ThieShett!Has Been Revlaced

conmpound of forrmula |I wherein [err] is p-chlorophenyl, R2 || S ,mrlmlwﬁ,lﬁnm
is methyl. I kﬁ? revity sake, this conpound will be referr
" Conpound F@@EB. ﬂ@re exists a Trade Mark registration [err] Tor i '
conpound in Poland. Its synthesis and properti g9 are described in -Arch.

| munol . et Ther. Exp. 1973, 21, 891. 20 Al the inmmunonodul ating agents

referred to above for bei sefyl for micro-scal e deterninations, j.e. the
organoseleniun1cﬁﬂﬁBiﬁﬁsgigﬂgeSsgphFBEoP a&@?iV&FPvég ﬁthhééﬁéfﬁgein, :
have in common theholaggraandngncabateddat 37°cafior- 20f haimnSer 005, \Win Gix.
inhibit the synthesis gi prostagéandins Ehe dagg%iiﬁ thﬁ tgih.results in
theg nmethod accortrfig®to FhE®pPe SRR FRTBRE BRC PICRHESR they are
particul arly useéméepbalomgocanditisi warusn{EMCV). The titer of IFN was
5 defined as the dilution of IFN sample that reduced virus
* cytopathogenic effect by 50% after 48 h of incubation. The
MTT (3-[4.5-dimethylthiazol—2-yl]-2,S-diphenyltetrazolium
bromide) method (Hansen, M.B., Nielsen, S.E. and Berg. X.:
‘Re-examination and Further Development of a Precise and
10 Rapid Dye Method for Measuring Cell Growth/Cell Kill. J.
Immunol. Meth. 1989, 119, 203—210) to measure the cell kill
in the ELISA scanner was also used. Laboratory standards of
IFN have to be included in all assays e.g. recombinant human
IFN-y (specific activity 2x10® units/mg), the natural human
15 leukacyte IFN-a (3x106 IU/ml) and IFN-y (2x106 I1U/ml).

'TNF assay

The cytotoxic activity of TNF was measured in Lgpg cells
20 according to Flick and Gifford (Flick, D.A., Gifford, G.E.:

. Comparison of in Vitro Cell Cytotoxic Assays for Tumor
Necrosis Factor. J. Immunol. Meth. 68, 1667, 1984). The
samples and actinomycin D (5ug/ml) solution were added to

- monolayer cultures of the cells. After incubation at 37°C
25 for 20 h, cytotoxic effects of TNF were determined either by
| the microscopic examination of the cultures or by using the

" MTT method. The amount causing approximately 50% destruction
of the cell cultures was defined as one unit of TNF
activity. Comparison with a preparation of TNF-a (Genentech

30 Iric., USA) showed that 1 unit in the assays was equal to 100
- 200 pg/ml TNF. .

Cytokine neutralization assays

' 35 The cytokines produced by PBL treated with the examined
preparations may be identified by neutralization assays with
the specific antibodies (Ingiot et al., Organoselenides as
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wn and used for testing an
i fication of the induced

cyt oki nes shoul d take place at the nonent of conpletion of the cytokine

formati on andppteatiad Hine

some are for
interferony

10

15

20

25

30

35

B andngndutérscof tmtekferon gemmad,

"Easbenby B9€okink8h"nihah! fetlphlifaf bbb edRobPbeasamP! ©

Experientia 1990, 46, 308-311). Furthermore, various ELISA
kits for the determination of the immuno-activity of a

defined cytokine may be applied.

Comnent

In the Supernatani:s cbtained from the cultured lymphoid
cells, other than TNF or IFN cytokines may be found and
identified by other standard methods, e.g. Interleukins (IL-

B) The REC variant: Cytokine induction.

Mouse resident peritoneal cells (RPC) are obtained from
approximately 6 weeks old BALB/c mice killed with ether, by
injecting into the peritoneal cavity S5 ml of complete RPMI-
1640 medium at room temperature. The washing medium
containing RPC is collected into ice~cooled 50 ml centrifuge
tubes. The RPC are neither washed nor centrifuged.

The cells are counted in a Biirker hemocytometer and -
suspended to a density of 1-7.5x106 cells/ml. Such cell
density is required for all of the assays measuring the

- effects of various concentrations of the preparation (from

0.1-500 pg/ml). The negative and positive controls are
included in all of the tests. The negative control measures
the spontaneous release of TNF or IFN by RPC incubated with
the complete RPMI-1640 medium without the inducers, whereas
the positive control shows the effect of a standard lipo-
polysaccharide inducer (LPS from E. coll 055:85, Sigma 1-10
pg/ml). All of the cultures are incubated at 26°C for 20 h.
Thereafter, the cultures are centrifuged at 1000 rpm for 10
min and supernatants are collected. Using an auvtomatic
pipette, the supernatants are diluted from 1:2 to 1:256.

30 Qut of-all_fhe various

o

3



whil e.others are forned rapidly and are susceptible to proteoly5|s as for
exanpl e tunor necrosis factors. The nethod as descri bed above nmay be
enpl oyed also for the 1 5 determ nation of an inmunol ogi cal response of a -

hurman” i ndi WQ@308470 a certai n i nmunoactive substance, provided that such-
I mrunol ogi cal response is not stinulated by oiger factors, 'ﬁﬁﬁﬁgﬁugﬁﬁgp& Hlaced

by viral or bacterial infections. It nay beTapplTed for nDnl {
drug response in 20 individual patients, for the determ nati g!l unlﬁ ulllﬂl
opti mal dose ofgioddwappecofi theéyépkoreneésducer, such as TTP,

t he establishnent of the effective scherne of the drug adn1n|strat|on The.

met hod i s based on the assessnent of the hyporeactivity state to I FN
i nduction. 25 mmﬁetémmes'mn‘ ackivityninl superatants of romeRRCdchhdttures,

23?2&?22”?@35#}\‘53’%@;? 9%%%‘ nFEPARE, 05 Sodd of S1BublEI B¢ 3BT ©

» The mouse fihroblast—like Lgag cells, 2x104 cells per well
in 100 pl of complete medium, are seeded in 96-well flat
botbom plates and incubated for 20 h at 37°C in order to
obtain a monolayer.

10
‘The transfer of supernatants must be very accurate. The

incubation of the Lg29 cultures is carfied on for 24 h at
37°C in an atmosphere of 5% CO, in air.

15 - Evaluations
1) Reading of the cytotoxzc effects under the reverse

microscope.
2) MTT test (3-[4. S—dimethylthzazol—z-yl}—2 5-dlphenyl-
tetrazolium bromide, Sigma).

20 ,
To measure cell killing with L§29 cell cultures, 25 pl of

MTT dye solution at a concentration of 5 mg/ml are added
into every well of the microplates.

25 Next, the plates are incubated for 2 h at 37°C in an
atmosphere of 5% CO5 in air. -

Thereafter, 100 nl of the solvent solution containing 45 ml
of dimethylformamide, 13.5 g of SDS (sodium dodecyl
30 sulphate), and 55 ml of distilled water, are added to every

well.

Incubation is carried on for 12 hrs at 37°C in an CO,
incubator. The results of MTT color test are read in a

35 Multiskan 340/CC reader (Labsystem) using a 570 nm filter.
Reference recombinant TNF-a has to be used.



S .

30 ‘‘a) tultures of peripheral blood | eukocyt'es (PBL) obtained from
bl odd sanples that are taken fromsaid patient in defined tinme intervals

are prepared with a nutrient nediumsuitable for tissue culture; b) said
i nduci ng substance in

PBL cul t reated with a cytgkine 35

or der to%ﬁiﬁﬁﬁgﬁﬁoduction of cytokines, preferably interferB6eTARBIZ/02428

necrosis factor; and c) said cytokines aregthen determ ned.according to
in order to assess devel opnent and di sappethigibest HafBeen Replaced

st andard net hods, ;

hyporeactivity of said PBL-cultures to interferon 5 i ndu 'l

time interval sSTRESTEPEPR BEPESEBBUt 7- 14 days. 1n-a preferred J,
IFN is assayed by inhibition of the cytopathic effecéhcaﬁéed

t he above nethod is applied in
by mouse encephalomyocarditis virus (EMCV in mouse Lgpg P
cells, reference Mu IEN-aJB,_standard from National

5
Institute of Health Bethesda, MD, USA is included). The s
cytopathic effect is observed under a reversed microscope
and also it is measured by the MIT method as described
below: : - :

10

MIT method according to Berg et al.

Berg K., Hansen M.B. and Nielsen S.E. (1990): A new
sensitive bhiocassay for precise quantification of interferon
activity as measured via the mitichondrial dehydrogenase

15 function in cells (MTT-method). APMIS, 98, 156-162.

MIT (3/4,5- dimethyl-thiazol-2-yl/2,5~diphenyl tetrazolium
bromide, Sigma) is diluted in PBS at a concentration of

. Smg/ml. To measure cell killing with Lg,q cultures, 25 ul of

20 MTT dye solution at a concentration of 5 mg/ml is added to
every well of the microplates. The control reference sample
of TNF or IFN is included. Next, the plates are incubated
for 2 hrs at 37°-C in an atmosphere of 5% CO, in air.
Thereaftexr, 7100 ul of a solution containing 45 ml

25 dimethylformamide, 13,5 g of SDS (sodium dodecyl sulfate)
and 55 ml of distilled water are added to every well. After
overnight incubation at 37° C the optical densities at 570
nm are measured, using a microplate reader Start Fax
Awareness Technology Inc. 27100, employing the extraction -

30 buffer as the blank.

Both TN?-a, IFN-8, and other cytokines, may be also assayed
using commercial ELISA kits.

35 A composition for carrying out the method of the present
invention is essentially characterized in that it contains
double processed tissue culture water, a culture medium and



10 the:coursse of a therapy using a peat extract as cytokine inducing

i mmeinonodul at or subst ance. According to a particularly preferred enbodi ment
of the.invention, this nethod is applied in the course of a ThiShepkiasHsen Replaced
using TTP agouayedszge i nduci ng i munonodul at or substance. |n {/gﬁ Ju‘mﬂ“
above, the present Invention also relates to TTP, whenever, useg

determ ned according to the nethods of the pred&nt i nvention.

present invention also provides, in its second variant, for a testlng

met hod which is suitable ui monttorin f technol qgi cal frocesses

for the producti3ie pﬁ?PPﬁEé?g n-2&eff §PF ngﬁai o 85 % (ghg(h PBL.
I mmmunoacti ve subsstmbcesRPEor 25 instance, when a suspension of -BALB/c mce
resident peritoneal cells (RPC) is treated with the solution to be tested,

nlce [err] as well as tumor necrosis factor are induced. Both nmay be
detect ed and quakidiagmesidekdtnioptiokiner dndycer kikldfor ukentir ithe i PBL

met hods. 5 variant of the present method (for 10-20 manual assays) may
- contain the fallowing items:

1) Double processed tissue culture water, 100 mi
2) Histopaque(R) or Ficoll-Hypaque(R) - 1077, (density
10 gradient medium), 100 ml
3) RPMI-1640-Medium, 2x100 ml {(with sodium bicarbonate and
I~glutamine, sterile filtered, endotoxin tested)
4) Fetal bovine serum (¥BS), 20 ml,
low in endotoxin and hemoglobin
15 5) Lectin from Phaseclus vulgaris 0.5 mg
: :(Phytohemagglutinin ~ PHA~P)
6) Round bottom tubes with caps, polypropylene sterile for
tissue cultures 17x100 mm, capacity 14 ml, 25 per bag
7) Tissue culture plates with lids, 2 plates, 96 well,
20 flatbottom, sterile.

Reagents available from: Sigma Chemical Co., St. Louis, Mo.,
USA or other companies.

25° Such a PBL kit may be used as so-called second phase
screening system, to confirm results obtained with RPC cells
or sometimes as a direct screening system for several
‘substances which may be inactive as immunomodulators in
rodents, e.g. organoselenium compounds. '

30 | | |

A diagnostic kit (cytokine inducer kit) for use in the REC

variant of the present method.({for 10-20 manu;l assays) may

contain the folloﬁing items:

35 1) _ Double processed tissue culture water, 100 ml
2) . RPMI~1640-medium, 2x100 ml, (with sodium bicarbonate
and L-glutamine), sterile, filtered, endotoxin tested)



30 Id this nmethod, a suspension of fresh nouse resident peri- Loneal cells
(RPC), containing approx. 1 x [err] cells/m, is used. The T?h(SISh&tetHd@Heal HeBlaced.

tested is prepared in a nutrient medium Eagle, or RPM - 1640 b}ﬁ }leuu

addition of 10% of fetal 35 calf serum The results obtained

agai nst W 9H08470at i on curve prepared with a nodel . substance.
gglly active substance tested in
The nmethod is particularly -

substance, a sanpl.e of the sanme i munol ogi
a traditional way may be used. Again,
suitable for nonitoring the process for obtaining peat extracts as well ‘as
analysing ti3)r fFeial dovine Tderym ctEBS) ne2danl j sSloverin semdEoxin and
efficient in Conﬁﬁmkﬁfﬂﬂ§h£h ot her known met hods, because.it is based on

' 4) Llpopolysacchag1de {(xPs) 0.5 mg, from E. coli 0127:B8

5) Round bottom tubes with caps, sterile, 25 per bag,
5 Polypropylene, for tissue culture, 12 x 75 mm, 6 ml

capacity
6) Tissue culture plates with lids, 5 plates, 96 well,

£lat bottom, sterile.

10 Reagents are available from-Sigma Chemical Co. St. Louis,
Mo., USA or other companies. .

A composition for carrying out the method of the present
invention involving amplification of the results, which

15 composition is particularly suited for micro-scale tests, is

.~ essentially characterised in that it contains on the one
hand a PBL culture or an RPC suspension, and on the other
hand a non-steroidal anti-inflammatory drug, preferably a

- substance selected from the group'of organoselenium com-

20 pounds, such as ebselen, indomethacin or Compound ITCL, and
derivatives, analogs, homologs and metabolites of these
compounds, most preferably indomethacin.

_ The following specific Examples illustrate the present
25 invention. It is understood that they do not limit the scope

of the invention in any way. -

Example 1:
Individual solutions of RPC were obtained from 36 female, 7-

30 8 weeks o0ld BALB/c mice killed with ether, by injecting into
the peritoneal cavity 5 ml of Eagle's minimum essential
medium (EMEM), supplemented with 10% heat-inactivated calf
serum. Washings from the individual mice contained 1-2 x 106
cells/ml. Suspensions.of'the cells from each mouse were

35 divided into two samples distributed to two tubes. One

»



a direct iwnduction of interferon [err] instead - as is the case in a nunber
of conventional tests - on a secondary effect of formul at Ty shed HA Bk PRAES

Until now, it was not- possible to 10 find any simlar net
fact that twe93roggmsystemof mice significantly differs f Mﬂﬂﬂﬂiﬂm
i munosyst emrand tests recogni sed -as indicative_for human i

response - such as the presence of interferons!?n=the tissues of spl een or

!ynphonodes etc. - do not work 15 wth the best |aboratory test aninals,

.e. wWith mce ad%?i? y §t30$0ﬁ d aaghke e
response of theq%AL / C ﬁ?% Egngégmﬁ O&zeﬁt?gg%dgﬁF %gf:tonealqggﬁ?%d

20 (RPC) are cliftch BRIZLLYS) ComEsP %‘r’%ﬁg spPateoerks, release of

suspensi ons of <idpleineés. bei ng- used. . For each test it is suff|C|ent to
sac¢ifice just three aninmals. Results are obtained within several hours.

The biological material may also be cultured and a corresponding |ine of
macrophages 1% 221 eulbihiresadere incubated at 26°C for 20h and thereafter

- ® they were’centrifugated at 1000 rpm for 10 min. The
supernatants were collected and assayed for IFN-B -activities
in a bioassay using a micromethod of inhibition of
cytopathic effect caused by EMCV (encephalomyocarditis

10 wvirus) in mouse Lgyg cells. In each assay an internal
laboratory standard was included which had been calibrated
égainst the international reference preparation of Mu IFN,
G002-904-511, NIH, Bethesda, USA. The cytopathic effect was
measured by the MTT method according to Berg et al, APMIS,

15 98, 156-162. The results obtained were as follows: for the
controls the IFN-f level was 1-8 U/ml average being <2; for
the samples treated with TTP, the IFN-f level was 4-127
U/ml, the average being 16 U/ml. The results are graphically
presented on the accompanying drawing Fig.1 (Comparison of

20 IFN-B production by RPC treated with TTP and nontreated. 1~

limit of detection, 2-mediana. According to Mediana test
P=0,0000. Every point shows the level of IFN in RPC isolated

from individual mice).

25 Example 2:
The procedure as described in Example 1 was repeated with a
group of 7 mice, however, instead of dividing each
individual mouse RPC suspension into two samples, only cne
... suspension was divided into four samples. The samples were
30 distributed to 4 tubes (1 ml in each). One of the samples
was a negative control and the remaining three were treated
. . with 100, 10 and 1 pg TTP/ml to determine a TTP dose-
dependance of the IFN;B release. After incubation of the
cultures for 24h at 26°C the tubes were centrifugated. In
35 the collected supernatants IFN-§ was dete:minéd as described
in Example 1. The results cbtained are presented on the



i nvention enpl oys the use of Dbiotogreal

The net’hod according to the present

of BALB/c mce 30 resident peritoneal cells (RPC), accordmg
i nfor mati on gi ven above. Presence and concentration of eac ll Uﬂl
det er ni nd¥O8 3 4%47%0ds for testl ng and standardi sati on: of wn

119,¢4part C "I'nterferon”, edited

from"Methods in Enzynol ogy", 1986, vol .

by 35 Sidney Pestka. Deter m nat ion of t he whol e spectrum of cytoki nes
For the

inducedidentifiesthe'mmaglg i cal t SOf&:ﬁ iﬂegt. -18-
proper eval uat3QFPRPAR g Fi 9 Y pEpdyrtien on
material for ey )&d&&?&r&@%@n)’ﬁ@ﬁﬁi%ﬁv& heaTetid i Elts dbdgulbst he
present invent |bon I Setf S 'e a single mouse derived RPC suspension.

materi al, nanely a peripheral blood | eukocyte (PBL) cul tuﬂﬁs%etﬁ?i er;?le(‘)jn
aAc

5 Example 3:
The procedure as described in Example 1 was followed, except

that TNF-a was determined instead of IFN-B.

Supernatants from the RPC cultures, non-treated and treated

10 with 100 pg TTP/ml were assayed for TNF acf:iv:.ty in a
biocassay. The mouse fibroblast-like Lgpg cells ( 4 x 104
cells per well in 100 pl of complete EMEM) were seeded in
86-well flat bottom plates (Falcon, Linbro, Flow) and

| incubated for 4 h at 37°C in an atmosphere of 5% CO5 in air.

15 The samples were diluted in EMEM with actinomycin D (end -
concentration 2,4 pg/ml) in the additional plate. Next, the
culture medium above the Lgyg cells monolayer was removed
and the prepared-dilutions were transferred to this culture

- using a multichannel pipette. After incubation for 20 h at

20 37°C, the cultures were assayed for cell kill by the MTT
method as described above. The results obtained were as
follows: for negative controls the TNF-a level was within a
range of 1-256 U/ml the average being 8 U/ml, and for the

. samples treated with TTP the TNF-a level was 2-256 also, but

25 the average was 64 U/ml. The results obtained are shown on
the accompanying drawing Figl:i' (Comparison of TNF-a
production by RPC treated with TTP and nontreated. 1-limit
of detection, 2-mediana. Accor'c_iing to Mediana test P=0,0'030.
Every point shows the level of TNF in RPC isolated from

30 individual mice).

Exampie 4:
The procedure as described in Example 2 was followed, except

that instead of IFN-8, TNF-a was def:ermined essentially as
35 described in Example 3 .above.

“



fromthe proper donors. In case of human | eukocytes, sanples 5 taken from

i ndi'vi dual s who show a hypo-reactivity (rare cases), L.'..a | ow | evel of
innunological response, shoul d be excluded fromthe evaluab ﬂfhﬂBGa§@ma#
t he BALB/ oy f: suspensi on, sanpl es taken from additi o IHI M“ﬁm
ani mal s (for exanp e infected ones) shoul d al so be exclude

eval uation. In case of the BALB/c mice RPC su%Pensions, sanples shoul d not
be taken fromtoo young or fron1too old animal s, as there is an

age- dependent o, 0L, | u d
heal t hy ani nal dﬂ{% éc:?&%aegfé %é&ﬂsh%\?\n *r'::hév%' %K?ﬂ% %&ﬁ

spont aneous prcﬁiﬂ:-t‘i dﬁ@e@@mr@% Mmm@nc%iqm %t'&éP igmdn -
i mmunor egul atory substances are tested, since no potentiation of cyt oki ne
i nduction or sonetimes even reduction of such induction may be observed. 20 -

That enbodi nenE¥WRYR Fet hod according to the present invention, wherein
anplificatien of, tﬁi%lrdﬁ&éﬁ St R BY Oy ﬁtsnwfeyacaaassr.%ﬁl dadividual

ant|-|nflannat?{ylihé;bfggé Jonors, obtained from Wroclaw Regional
Transfusion Center, have been used fo; the assays. The
characteristics of the donors are given in a Table 1, below.

10 Table 1: Characteristics of donors of blocod used as a source

of PBL . .
Age No. Male Female Donation _
(years) _Multiple Single
15 21-30 24 22 2 24 -
31-40 45 44 1 45 -
41-59 46 44 .2 40 6
20 Total 115 110 5 ' 109 - . 6
£ --100 96 4 - . 95 -

The majority of them were young males who donated blood many
. times. Considerable variations in the response of PBL from
25 the individual donors have been observed and are reported in
Table 2 below. .

As it results from Table 2, 10-30% of PBL cultures may not
respond to a 100 pg/ml TTP dose, whereas only 7% cannot be
30 stimulated by a 10 ug/ml PHA dose, and 20% did not respond
_ to a 10 pg/ml LPS dose with IFN production, and 50% did not
respond to the same dose of LPS with TNF production. These
. data are essential for proper selection of biological
material. Non-responding PBL cultures are detected by
35 evaluation of the negative (non-treated, spontanecus release
of cytokine) and positive (treated with a standard inducer,
- such as PHA or LPS) controls.



the_suﬁstanbes referred to above, such as conpound | TCL ot—seleno—organic
conpound 1, 2 and 3, but preferably 25

tested, is a mcroscale test,

i nduced TNE and | FN activity. This test

assayi ng

st andar di zati on and,

of the method according to the present

exanpl e in nore detai
substance to b

Tabde

I ndomet hacin) to the solution to be

particularly suited for deter

is econom c, fast,

ogati zati on.

‘Q%ﬂm% n Replaced -
@47 unber of sanples simultaneously and suitabl ”ﬂ,"ﬁi’l

at |east partial., ‘30 -y The two variants

I nvention are described by way of

below. 35 Preparati'on of the solution of the
&4 IFN ppd INF regponsscof: BBEcfrent tadiwiguald pdeod

extract, is dissolved i gonods a®tardkelih 861 8at 81 tRbr A EEACORELBHkON Of
batches .of TTP or with standard inducers

10

15

20

25

30

None

Inducer Dose  No.PBL No. responders to:
(ug/ml) tested IFN (%) TNF (%)
TTE 010391 100 19 13 (68) 13 (68)
30 13 6 (46) 9 (69)
10 15 14 (93) 13 (87)
TP 020391 100 14 10 (71) 11 (79)
30 12 8 (67) 8 (67)
10 10 5 {50) 5 (50)
PTP 101091 100 26 21 (81) 20 (77)
30 20 9 (45) 8 (40)
10 24 14 (58) 15 (63)
~ TTR 010991 100 5 5 (100) 4 (80)
30 s 2 (50) 0 (0)
_ 10 5 2 (40) 3 (60)
TTP. 021091 100 5 4 (80) 4 (80)
30 4 3 (75) 4 (100}
| 10 5 3 (60) 3 (60)
TTP 111191 100 5 3 {60) 4 (80)
3o 4 2 (50) 3 (75)
10 5 4 (80) 2 (40)
TTP (8x) 100 .29 19 (66) 10 (34)
30 24 14 (58) 11 (46)
10 21 16 (76) 2 (10)
PHA 10 69 64 (93) 54 (78)
LPS 10 41 33 (80) 21 (51)
- 69 36 (52) 20 (29)

D]

§



10 ng/ M. The sanples are sterilized by filtration through 645 [efff—699-—-—
kPa-max M| lipore(R), antibacterial filters. 5 Next, solutloqi

a conpl ete RPM - 1640 nedi um cont ai ni ng heat-i nacti vated fet al Mﬁ Wlace"
(FBS). riant: 10 Cytokine induction Buffy coats I” :
bl o6d donoﬁ?ﬁﬁgﬁhgéﬁobtained fromthe regional transfusion. cen

Al ternatively, perlpheral bl ood | eukocytes (PBL21nmy be isolated from
hepari ni zed venous bl ood of healthy volunteers by Ficoll-Hypaque(R) (or 15

H st opaque(R)) densi.t radi ent = 1.077) centrifug , Wt sequ
twi ce washi ng of qq?he"%e'?gi @%@tgﬁtﬂ‘%o{w&rv\m ]Pgls‘g{'lf ‘Fﬁnﬁl-géicg o 100
t r eat ment acc'ordi ng to Canifml péatl extfacteih, IterhhtionaDd, AStivity Units

Kauppi nen, H L.: Production and Partial Purification of Human | mune
I nterferon. Met h.__20 Enzynol . 119, 54 1988). The |eukocytes froma sinale

donor cont ai ni ng {approxiately [err] |eukocyles/m in RPM 1640 nedi um
suppl emented W th 10% f etjalpepVi ne &waﬁf L- T™NF / units/ml
Series|Number] Range Medi- Number _Time of assdys
_ No. of ana of [24h |Medi-{6 days|Medi-
10 assays assays| Rangej ana ' Range ana
Control _
without| 333 | <¢10- 10 41 9-750f 27 9-80 9
-7 tinduces 1 100
15 .
31090 3 5-f 30 3 ND| ND | 9-80 80
30 - |
291290 21 10-{ 100 14 ND|] ND | 9-750] - 40
20 - 3000 - : _ |
010391 | 23| 10-| 60| 17 Np|. ®p | 9-160] 9.
2000 )
25 020391 19 | 10-] 30} 32 |9-750{ 200 | s-250] 27
1000 I

The conditioned media were stored at 4°C before assaying
30 ' .
Human peripheral blood 1eukacytes from healthy hlood donors
(8x105 cells/ml) were used. -

B. Experiments perfcrmed.

35 Peat extract samples taken from different prbduction batches
numbered .as shown in Table 3 have been tested using the PBL
test as described above. In the experiments, interferon
(IFN) and tumor necrosis factor (TNF) have been determined
qualitatively and according to the above mentioned standard



glutam'ne ahd antibiotics were used. Al lots of FBS were-pretested. Only
PBL cul tures was used. 25 The cytokl ne i nducers were

non-m t ogeni ¢ FBS for
added to 200-1000 [err] volunes of the cultures. The refel B@R@laced
i nducers wer.e phytohenaggl uti nin (PHA) (Pharmacia Fine -Che

Si gme, USKD 93fbss7onduced cul tures of PBL were incubated in
5% [eéerr] in air at [err] for 20 h and 30 centrlfuged Supernatants vvere

stored at [err] and assayed for |IFN activiTy:- 2% Thin one week. Super nat ant s
for TNF activity determ nation have to be stored at [err] or in liquid

nitrogen to avﬁswhemaﬁé;vaaeﬁ 888140t p) oagoa(ﬁfésséé iﬁ‘t:ﬁ&{:éfﬁatiéﬁé!
(0]

Conf |l uent non

rs, of _A549 cells re prepar I N cropl at es i
Dul becco- nodi ﬁiﬁfﬁwmﬁ'w V\gﬁm‘:g?ﬁg %? were repeated a
numbexr of times quoted in Table 3. Result ranges and medians

are also given.

For illustration purposes, a similar test was carried out
with a standardised peat preparation. At a concentration of
30 pg/ml, interferon activity was within a range of 30 - 300
International Activity Units, while at a concentration of
10 100 pg/ml, it was 300 - 1000 International Activity Units.

Intermediate concentrations showed a linear relation between

dose and response.

15 The immunocactive peat extracts tested in the above Example
are products described in PCT Application No.
PCT/EP92/00491.

From the data given in Table 3 it is clear that in PBL
20 cultures negative and positive control is essential for

evaluation of the results.

Further experiments show that, when nod—responding PBL

cultures are not taken into consideration and statistical
25 evaluation of the large number of exp_e'riments is performed,

the effectiveness of the tests according to the invention

cannot be questioned.

For over two years the cytokine inducing activity of over 20
30 different batches of TTP, including 10 standard commercial
batches of the drug, the activity of which has been
determined in biological assays, 2) batches rejected by the
manufacturer due to the inadequate biological activity .
determined in mice which was below the established standard
35 and 3) laboratory peat extracts prepared on a small scalé.
The results cbtained are presented in Table 4 below in the

th



(DVEM w tth 10% FBS, L-glutam ne, and antibiotics (penicillin 100 units/ m
and streptonycin 100 [err] |IFN sanples diluted in the pl at esThisheet HebcBeeh Rep

the cell nonol ayer and incubated at [err] for 20 h in 5%[err
The cel | s wergssosyyg washed and chal | enged with encephal onmyoca
(EMCV). The titer of IFN was defined as the dilution of IFN sanp
reduced virus cytopathogenic effect by 50% art#? 28 h of |ncubat|on The

MIT (3-[4.5-dinmethylthiazol-2-yl]-2,5-diphenyltetrazolium 10 broni de) .
EEtPﬁd (Iseénslen, 4z ,oﬂlﬁéaenleé‘eﬁs d@ﬂdrﬁedr&dwméaalr\l/gkien aaiculated
urt her vel op n an [ as n
Growt h/ Cel | Ki | ISEaR ica‘ii? @t%h‘égﬁft%lﬁﬁa é%FF? -cel |
Kill in the ELI SA scanner was al so used Laboratory standards of 15 |IFN
have to be incl al S i,nan c
activity [err] #%ﬁgﬁ :}’g’) éﬁﬁ%ﬁ%t?ﬁa&"%@m{% #"?19 %@rﬁ}ﬁl %Ff;l )TNF
and IFN—y ([&rr] TUn). ptdéwcstsion by human PBL

-

Inducer | Dose IFN TNF
"(pg/ml) Logqq units/ml (+ SD)
10 TTP 010391 100~  1.41 x 1.07b 1.26 x 0.91€
30 0.96 + 1.07 1.25 + 0.88P
10 1.81 + 0.58C 1.45 + 0.63€
TTP 020391 100°  1.23 + 0.818  1.35 & 0.75€
30 1.12 + 0.90 '1.14 =+ 0.83P
15 10 0.75 + 0.76 0.86 + 0.90
TTP 101091 100 1.70 + 0.91C 1.38 + 0.81€
] 30 0.99 + 1.12 0.62 + 0.80
10 1.22 + 1.073 0.94 + 0.76P
TTP 010991 100 2.24 +0.30° 1.35 + 0.73b
20 | 30 1.00 + 1.00 0.0
10 0.56 + 0.68 0.88 + 0.73
TP 021091 100 1.72 + 0.87b 1.49 -+ 0.84b
.30 1.39 + 0.8 1.79 + 0.20¢
10 1.11 + 0.91 1.01 + 0.84
25 TTP 111191 100 1.36 + 1.12 1.18 + 0.62P
30 1.00 + 1.00 1.21 + 0.712
10 1.56 + 0.862 . - 0.54 + 0.66
TTP (8x) 100 1.04 + 0.822 0.63 + 0.91
| 30 0.88 + 0.81 0.75 + 0.84
30 10 1.10 + 0.70b 0.13 + 0.402
| PHA 10 2.08 + 0.79¢ = 1.67 + 0.99F
. ~ LPS 10 1.36 + 0.80° 0.97 + 1.01b.
"~ None - 0.64 + 0.63 0.42 % 0.67

'35 Mean values were calculated from all results of IFN or TNF
titrations. The non-responders were regarded as O.



20 The cytotoxic activity of TNF was measured in L929 cel I s according to

Flick and Gfford (Flick, DA, Gfford, GE.: Conparison of in Vitro Cell

Cyt ot oxi ¢ Assays for Tunor Necrosi s Factor. J. Immunol. MgtRneeffas BbGREplaced

1984). The 25 sanples and actinonycin D [err] solution, vve

nmonol ayerwgﬁ:"tlmg of the cells. After incubation at [err] Bﬂﬂﬂmﬂm‘ﬂ “

cytotoxic effects of TNF were determ ned elt%ﬁ _by the mc

exam nation of the cultures or by using the. MIT nethod.. The anpbunt causi ng
cul tures was defined as one

approxi mately 50% destruction 30 of the cell

unit of TNF a@TYiRiffeoentrfson WNone's tsmnhmemxs cﬁr¢@¢#xqmm:heh
400 - 200 pg/ m

I nc., USA) sh%ﬁﬁ% e m
;.?I zat?f)g %%say?%e cy ok| grod’uced by Pleila
&ed idmt i on

TNF. 35 Cyt oki'ne neutT
treated with | YRiueS gRFresRnding te
assays Wi th tnepIRed fdre APV e StHd HElxt 1%1@ s, er@%%l@aﬂm dta ;
5 are presented in a graphic form on Fig.5 and 6 showing the
effects of different batches of TTP on IFN and TNF .

production, respectively.

'I'able 5: Bffect of different batches of T'I.‘P on IFN and TNF

10 production by human -PRL
Inducer Dose IFN TNF
(pg/ml) Units/m1l
TFP 010391 100 30 . 27
15 30 T <10 27
10 ' 100 ' 27
- oTP 020391 100 . 30 ‘ "~ 50
30 30 34
10 <10 ' <9
20 TrP 101091 100 - : 100 ) 34
30 <10 <9
10 45 18
TP 010991 100 300 . ' 27
' ) 30 <10 . <9
25 . 10 <10 _ 18
TTP 021097 100 100 27
30 : 60 80
| 10 ' 60 27
TP 111191 100 100 18
30 : 30 <10 ' 40
- 10 100 <9
TTP (8x) 100 20 ' <9
30 - 10 <9 : )
10 20 <9 '
35 rm 10 200 80 o
LPS 10 30 f 27
- 10 " <9

None -
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-13- potential inmmunostinulants and i nducers of i nterferon gamua and ot her
cytokines in human peripheral bl ood | eukocytes, Experi enti aTHiO$ et HA6Been Replaced -
308-311). Furthernore, various ELISA kits for the determ nati
| muno- act ivwig 93/88479 © defined cytokine may be applied. Co H l
supernatants obtained fromthe cultured |ynphoid 10 cells, '
or | FN cytokines may be found and identified b% other standard nethods,
e.g. Interleukins (IL- 1-10), GMWCSF, TG--B etc. B) The RPC vari ant:
Cyt oki ne i nduct i,,fgai)a}; I\(Egﬁgﬁé ' aR&id %}f I 167 ( e~gbraignad
from approxi mat e weeks 0 de%b{%%: m ceg | %ﬁm%{leﬁ%}eﬁyOE TEN SQ-.
_ Tﬁ% titrationms. - _

P Identification of the induced cytckines has been performed

5 by means of neutralisatidn_of IFN and TNF induced by TTP.

The above results of the experiments are explained by Fig. 5
and 6 respectively.

10 Effects of different batches of TTP on IFN production by
human PBL (Fig.5). Seven different batches of TTP were used.
Every point of the graph refers to the PBL of an individual
healthy blocd donor. IFN activity refers to antiviral units.
The shaded area shows the limit of the non-significant data.

15 The horizontal lines show mean values. The inducticn of IFN
by 30 and 100 pg/ml of TTP is statistically significant (at

p < 0.05).

Effects of different batches of TTP on TNF production by
: 20 human PBL. TNF activity.is expressed in the cytotoxic units
) for the mouse Lgyq cells. The response to 30, 100 and 200
pg/ml of TTP is significant (at p < 0.05) (Fig. 6).

In the experiments, potent polyclonal antisera have been
25 used, namely: anti-natural IFN-a, anti-lymphoblastoid ..
(Namalwa) IFN-a and anti-natural IFN-y to neutralize
antiviral activity in supernatants of PBL cultures treated
_for 20 h with three different batches of TTP. Results, as
. shown on accompanying drawing Fig.7 (Results of neutraliz-
30 ation of IFNs by polyclonal Anti-IFNs sera) indicate that
portions of IFN types a and y produced by PBL from the indi-
vidual blood donors varied considerably. It is suggested
_ that the released IFN pattern of the each PBL donor is an
. . - individual characteristic of the donor.



S

injecting into the peritoneal cavity 5 ml of conplete RPM- 1640 nedi um at

roomtenperature. The washi ng nedi um 20 containi ng RPC Ts—ctuottected—into

i ce-cooled 50 mM centrifuge tubes. The RPC are neither vvaslt}11 (ghe s Bee o
centrifuged. The cells are counted in a [err] henocytoneter

to a dengy 6?34[76rr] cells/m. Such cell density is reqwr m ﬂiﬁw

the assays measuring the 25 effects of varjggs .concentrati

preparation (from0.1-500 [err]) The negative and positive controls are

included in all of the tests. The negative control neasures the spontaneous
chenalm

rel ease of TNFNeutrryisatdps iassars aarmied ove wikh a: pokent pedy
wi t hout the In%ﬁs&% kel afie-30 sdrhifm %E’%Z%r q:a&t')%n&hea%ha% ehlee aiypof

acchari de |nducer

tandard | E. 055: 85, S
i iOaFe?:]) ' AF-P Bpeéﬁ@lﬁ}l e&samumeﬁyag Fer&}q' #‘B‘ﬁ g ntirmed

Thereafter, thByCﬂhé:Jféﬁult%USwt(ﬁﬁi&ﬂQdnéhti'ﬁﬂgséaﬁﬁbﬁﬁrc&ﬁrﬁe& out with .
super nat ant ar e. ecC n ogat | c ette e,superna {S i
are dil ute frﬁﬁ?ég gc%ggai gn%g.-% BH (’aeg e Inc.) w fch %‘%&

not neutral:.se the TTP induced TNF actz.vzty. ' .

Fig.7 shows the results of neutralization of IFNs by
polyclonal anti-IFNs sera. YFN containing media from PBL

10 cultures incubated wz.i:h TP (three different batches of TTP
and seven different PBL were used) were treated with the
indicated anti~IFN sera. 1 - Non treated preparations; 2 -
Treated with anti-HulFN-a; 3 - Treated with anti-BuIFN-Ly; 4
- Treated with anti-HulFN-y.

15 ' '
Example 6: The procedure described in Example 5 was followed
- in order to show the amplifying effect of the presence of an
amplifyer, viz. indomethacin, according to the presen{:'

invention.

20 _
Each PBL culture was divided into several samples. One of

them was a negative control showing spontaneous release of
cytokines, the other one was a positive control treated with
a standard potent cytokine inducer of a nature indicated

25 below and the remaining samples were treated with 1-100 -
pg/ml TTP, batch no. 010391 or 020391, as well as TTP I and
TTP IT which appear in Tables 6b and 6c¢ respectively, and 5
pg/ml indomethacin + TTP of the same batches (Table 6a) or

. 10 pg/ml compound ITCL + TTP Oof the same batches (Table 6b),

30 or else 10 or 20 pg/ml seleno-organic compounds (1), (2) or
(3) as defined above + TTP of the same batches. In the
supernatants of the incubated cultures IFN and TNF were

determined.



- 14 - Bloassays of the cytokines To determine TNF activity in supernatants _
from RPC cultures, the 20 h old nonol ayer of L929 cell cultures are used. 5
The nouse fibrobl ast-1ike L929 cells, [err] cells per meIITmmSmﬁ s@ﬁ&&& <md
conplete %@@ seeded in 96-well flat botton1p|ates,an
20 h at [err](ij er to obtain a nonolayer. 10 The transfe
supernatants nust be very accurate. The incuhatgypn of the L9 ure
carried on for 24 h at [err] in an atnDsphere of 5% ([err] in alr

Eval uations 1) eadlng gf the cytaqtoxic effects under the reverse
. e results obtained are shown in Tables 6a, b -and ¢ below.
Table 6a:
) . The effect of amplification of the cytokine induction in the

.5 presence of indomethacin

4Exp. Inducer Indo- Concen~ Cytokines -(units/ml)
' methacin tration :

10 g - pug/ml IFN | TNF
1.2) TTP 010391 - 100 300 750
-t - 10 30 250
e - 1 20 80
15 - o+ 100+5 1000 2200
' =" + 10+5 200 750
= + 1+5 <10 250
LPS - 10 200 500
none - - <10 ]
20 none _ + 5 20 27
2.b) orp 020391 - 100 600" 50
- - 40 20 9
) —" - 20 10 9
25 L - 10 <10 <9
- + 100+5 600 80
L : + . 40+5 . 100 27

- + 20+5 100 9 ,

- + 10+5 30 9 .

30 "PHA - 5 600 50 -
‘ PHA + 5+5 2000 80
. none : - - 60 <9
none + 5 10 <9

35



ni cr oscope. " 2) MIT test (3- [4. 5-dimethylthiazol -2- yl]-2, 5-di phenyl -
tetrazolium bromde, Sigma). 20 To neasure cell killing wtht828—cTett——
cultures, 25 [err] of MIT dye solution at a concentration stShgetﬁQ!ﬁQen Ted

added into every well.of the mcroplates. 25 Next, the pla
for 2 h aWO[93/68470n an at npsphere of 5% [err] in air. Ther m I"

of the solvent solutiion containing 45 m of dinethylfornmam
SDS (sodi um dodecyl 30 sul phate), and 55 m 28t ~di stilled water,” are added

to every well. Incubation is carried on for 12 hrs at [err] in an [err]

i ncubat or . Th&)resybLSwaieNEEe@ahea Eech £r8shCREpaPinizbd Mibbasken 340/ CC

reader (Labsystem USEEE-H ;0 gmsfel laﬁ:-g{:ionRe\I:gcr:ﬁ{x]fe é?CBEE' gui TNF a has

to be used. ypaqu B qu
contained 7x706 cells/ml, :

b} PBL were prepared from the buffy coat obtained from the
Regional Transfusion Center. The cells were processed
according to the Cantell et al. method (Meth. Enzymol.
1981, 78, 29-38).

PEL cultures contained 8x106 cells/ml.

70 Table 6b:
The effect of amplification of the cytokine induction in the

presence of Compound ITCL

15 |Exp. Inducer Compound Conéen- Cytokines (units/ml)
ITCL tration IFN - TNF '
J1. TTP 010391 - 100 100 18
TTR 010391 - 36 100 g
20 TTP 010391 + 100+10 3000 80
| TTP 010391 + 30+10 300 a0
PHA - . 1o 3000 250
none - - " 10 _ <9
none + - i0 <10 <9
25 | . - | _
' 2. TP I - . 100 3000 27
TTP I - 30 - 30 <9
TTP T + 100+10. 3000 250
TTP I * 30+10 300 9
30 PHA - 10 100 18
none - - 10 <9
none + _ 10 10 . <9




- 15 -+Interferon bioassay IFN is assayed by inhibition of the cytopathic

ef fect caused by mpuse encephal omyocarditis virus (EMCV i n Wouse L929 5

cells, reference Mu IFN [err], standard from Nati onal |nStItq%§sQ%ﬂu§@&%&_]mxd
Bethesda Ig& i |ncluded). The cytopathic effect is obser

reversed nm b and also it is neasured by the MIT net hod m lﬂH
bel ow. 10 MIT nethod according to Berg et al.-~-Bgeg-K , Hansen

Ni el sen S.E. (1990): A new sensitive bioassay for precise quantification of

interferon activit s peasured via the mitochondrial dehydrogenase 15~
function in cel|§§éxﬁtiﬂé+hod) APM S, 98, 156-162. MIT (3/4,5-

di met hyl - t hi azol “Phey|d el pheanplificaebhUoE the cytokine induction in.the
presence of the seleno-organic compounds

5
) .. Exp. Inducer Seleno-orga- Concen- Cytokines (units/mlf
nic compounds tration IFN TNF
pg/ml
10 {1. Tres - 10 100 <9
TTPs - 5 10 <9
TrPs  Comp. (1) 10420 300 27
' TrPS  Comp. (1) 5+20 100 27
TTPS Comp. (2) 10+20 - 300 50
15 TTPs  Comp. (2) " 5420 100 9
PHA - 10 100 <9
none Comp. (1) 20 200 9
none  Comp. (2) 20 100 27
none - - 10 <9
20 )
| 2. TTP II - 50 10 <9
' TTP II - 5 10 <9
TTP IT Comp. (3) '50+10 30 27
TP II Comp. (3) 10+10 30 27
25 PHA - - 30 <9 -
' none Comp. (3) 10 10 <9
none - - 10 <9 g

" 30 PBL cultures contained 8x106 cells/ml. TTP is a peat
preparation produced on a small scale. The relatively low
TNF response is probably due to the fact that the buffy
coats weré'stored for 20 hrs at 4°C before the preparation
of the cultures. The seleno-organic compounds are inducers

35 of the cytokines as well as TTP.



e ———

bromide, Sigma) is diluted in PBS at a concentration of 5ng/m . To neasure
cell"killing with L929 cultures, 25 [err] of 20 MIT dye SG‘I—H{-‘r—Gﬁ—&t———a

concentration of 5 ng/m is added to every wel | of the mcr
control reference sanple-of TNF or IFN is included. Next, et p'aced |
i ncubat edM93/08470s at [err] Cin an atnosphere of 5%[err]

Thereafter, 100 [err] of a solution containi §3 45 M 25 dinme
13.5 g of SDS (sodi um dodecyl "sulfate) and 55 m of distilled water are
added to every well. Aftéer overnight incubation at [err] C the optical

densities at GEfampler &: naaéilagn;:sttscngeatnrefmpbhingréhdeefﬁaatt ofax _
Awar eness Tec ) 08¢ t C 38ebyf har i8S e
h28YsLPEe1d] e, o8, Gripi 1% il igcabols o0 b 12ochd

ot her cy

bl ank. Both T
comer ci al Eumqu cIMeretAbbyi| @nﬂablecbabiﬁet@ mt-‘-’%elaevﬁbaoof t he
present i ”Ve“téﬂ‘tﬁﬁeefé&é%éé'ﬂo%@@&&fﬁi&&ﬂ'&éé%f'iﬁ%&t@&é&t@fe

processed tissue culture water, d culture nedi um and
5 cytokines was performed according to the particulars given

below:

The test was performed with 4 healthy female volunteers, age
: 43-58, who donated 20 ml venous blood taken from v.ulnaris
10 weekly, before, during and after the. administration of TTP
at a daily dose of 5 mg in tablets. Two different regimen of
administration have been performed. Two of the volunteers
(referred to further as B.XK. and J.%Z.J.) were subjected to a
treatment with TTP consisting of three seven~-day cycles: the
15 drug was administered per os, one 5 mg tablet daily for one
week with a seven day rest followed by a seven-day pericd of
TTP oral administration. The total dosage was 21 tablets.
The other two volunteers (referred to further as A.D.I. and
W.F.) were treated with one 5.mg TTP tablet daily
20 administered per os continuously for three weeks. The total
dosage was also 21 tablets. After two weeks of rest, the

treatment was repeated.

The 5 mg. TTP tablets used were a standard commercial

25 product of TORF CORPORATION. Pharmaceutical Factory of _ :
Wroclaw, Poland. Each tablet contained 5 mg TTP, 43 mf . )
Lactose and 2 mg MYVATEX. To induce cytokines in PBL in
vitro cultures, powdered TTP ag a pure substance was used in
form of a stock solutiom containing 20 mg TTP/ml of pyrogen

30 free redistilled water stored at 4°C. :

Blood samples taken from the volunteers were heparinised

with Heparin POLFA solution without preservatives at a final

concentration of 10 units/ml and treated as described .
35 earlier to prepare a PBL in vitro culture, which was then

treated with cytokine inducers PHA, LPS and TTP in a manner

described in the preceding examples. 200 ug cultures were



- 16 - sera conpleting the culture nmediumas well as the hUﬁﬁﬁ—PBEﬂ¥;4ﬁ4¥%—_—
RPC.” A di agnostic kit (cytokine inducer kit) for use in the varlant

of ‘the present met hod (for 10-20 manual assays) nay contaln '““!'
itens ﬁgggg ocessed tissue culture water, 100 ml 2)
FICO||- G@?@g 1077, (density 10 gradleﬂt medi u
RPM 1640- Medium 2x100 mi (mﬁth sodiun1bic&rBdn&te and L- glutan1ne
sterile filtered, endotoxin tested) 4) 'Fetal bOV|ne serum (FBS), 20 m,

| ow i n endot oxi n_and, henp ) n1Phas u r
my ( Phyt ohenag g‘ll'.t%? n?‘ﬂ eaghAgﬁ aglen% Th uperna ants w%?r.Je %tcﬂle% é.ts tP°<.5
and assayed for IFN within one week, and stored at -20°C and

. assayed, respectively for TNF to avoid inactivation due to
- _ spontaneous proteolysis.

* . ' IFN and TNF were assayed in the same manner as described
above. The results cbtained are presented on the
accompanying drawings Figs.8-13 (response of PBL cultures of
different patients to IFN inducers and to TNF inducers

10 during the oral administration of TTP).

As may be seen from the data presented on Figs.8 and 9
- . showing the IFN response of the first group of volunteers
. during administration cycle, the response declined and’
15 returned to the initial value after two weeks rest. In
contrast, TNF response-showh on Figs.10 and 11 increased
" during administration of TTP and returned to the normal
level after two weeks rest. .

20 Data shown on Figs.12 and 13 reflecting the response to the
cytokine.znductlon in the other way of administration of
volunteer A.D.I. prove that the hyporeact1vity state to IFN
induction is reached after 3 weeks of continuous
administration of TTP orally. The hyporeactxvity state shown

25 as loss of ability of PBL cultures to respond to the
induction of IFN with TTP selution disappears after two
weeks of rest. In contrast, during three weeks of TTP
administration, the hyporeactiﬁity to TNF induction did not

develo§ (Fig.12).

30
The above results indicate that the optimum dose of

immunomodulator being a-cytokine inducer can be established
"individually for each patient treated with a simple PBL test
according to the present invention.

35
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6) - Round bottom tubes with caps, polypropylene sterile for tissue
cultures 17x100 mm capacity 14 m, 25 per bag 7) Tissue culture plates
with lids, 2 plates, 96 well, 20 - flatbottom sterile. Reagents

St. Louis, M., USA or other conpanies.

avai | abﬁgﬁg Si gma Chem cal Co. , . ,
25 Suc 0t may be used as so-cal | ed second phase scPEBMARIG/@2228em
to conflrmresults obtai ned with RPC cells _soneti nes

screeni ng system for several substances whi*¢ nay be. |n

i mmunonodul ators in rodents, e.g. organosel eni um conpou am, ,!f &mm
kit (cytokine inducer kit) for use in tHEAIMS vari ant of = m\
(for 10-20 manual assays) may contain the following items: 35 1) *Dotible

processed 1 sgue gklite sl ket the?bne RRMind081mRY UELIGLLI0H

(with sodi um bi car bonat e and L- gl utam ne), sterl ui % endot oxi n
bioactive, cytokine inducing immunomodulator

Ll 3

tested
) substances, characterised in that a human pexripheral
5 blood leukocyte (PBL) culture or a suspension of BALB/c .
mice resident peritoneal cells (RPC) is treated w:.i:h a
solution of the substance to be tested in order to
induce production of cytckines which then are
: determined according to standard identification
10 - methods.

2. Method according to claim 1, characterised in that a
human PBL culture is used, wherein the production of
different cytokines is induced, whereafter each of the

: induced cytokines is determined qualitatively and
15 _ quantitati‘.t_rely using a set of different - preferably
known - sera which recognize individual cytokines.-

3. Method according to claim 1 or 2, characterised in that
the human PBL culture is prepared with a nutrient
medium suitable for tissue culture and that the density

20 of the ready-for-use PBL culture is approx. 8 x 106"

leukocytes/ml.

4. Method according to any one of élaims 1 to 3,
characterised in that the solution to be tested is used

in a concentration of 0,1 - 200 yg/ml.-

25 5. Method according to any one of claims 1 to 4,
characterised in that each cytokine is identified
quickly enough to avoid proteolysis of ‘the .cytokine.

6. Method according to claim 1, characterised in that a .
PBL culture or an RPC suspension is used, and the
30 bicactive substances induce the production of .
interferons and tumor necrosis factors. )

This Sheet Has Been Repl

(M i




-1 7- 3) - Fetal bovine serum (FBS), , Iom1|n endot oxi n and henogl obi n

" Li ide (LP ﬂmﬂ coli 0127:B8 5)  Round
bottom tubes with caps, ster “Ialﬁmqm ‘ﬂ \ Pol ypropyl ene, for

4) « Lipopol ysacchar

tissue cul twodssdeamy 75 "m 6* ni¢ capal ity 6) Ti ssue culture p |
lids, 5 plates, 96 mell flat bottom sterile. 10 Reagents are g@i?égﬁp

from Si gnma Chem cal

conposi.tion accordin
pr esent |nvent|0@ in
conposition is parti

characterised in thatREG suspension contains about 1 -

* : 8-
. 5
9.
10 10.
11.
15
20 12.
25
30

(Dot

Bazs
Co. St. Louis, M., USA or3dther conpani es.
g to the i nvention.for carrying out the nmethod of the

i i S T

cells/ml.

Method according to claim 6 or 7, characterised in that
the solution to be tested is prepered in a nutrient
medium Eagle or RPMI-1640 with an addition of 10% of

fetal calf serum.

Method according to any one of the preceding claims,
characterised in that the results obtained are
evaluated against a calibration curve. :

Method according'tdlany one of the preceding'claims,
characterised in that peat extracts, such as TTP, are
tested. ' )

Method according to any one of claims 1—6,'8, 9 or 10,
characterised in that, in the case of the PBL variant,
amplification of the results is achieved by admixing to
the solution to be tested a non-steroidal anti-inflam-
matory drug, preferably compound ITCL and selenc
organic compounds (1-~-3), and most preferably
indomethacin. ‘

Method for determining the immunological response of a
human individual to a therapy using a cytokine inducing
immunomodulator substance, characterised@ in that a
peripheral blood leukocyte (PBL) culture of the human
individual, treated with such immunomodulator
substance, is treated in defined time intervals with a
solution of the substance administered, in order to .
induce production of cytokines, which are tﬁen
determined according to standard methods, in orxder to
determine the moment of developmeﬂt of hyporeactivity
to the substance after prclonged administration of the
substance and the moment of regaining the ability to .
respond to an additional dose of the substance after a
certain period of hiatus.

Thls Sheet Has Been Rerlac
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contai ns on the one hand a PBL culture or an RPC suspension, and on the

ot hér hand a non-steroidal,

i nhi biting drug,

or ganosel eni um com pounds,

anti-inflanmmatory and prostagl andin synthesis

preferably a 20 substance selected fromthe group of
such as Ebsel en, indonethacin or Conpound | TCL,

and der i WR93/88470,3nal ogues, honol ogues and met abol it es of t REYEPIRMAZARRS,

nost preferably indomethacin. 25 The fol | Quzag

the present invention. It
the invention in any way. Exanple 1: 30 Individual

Specific Exanples illustrate

is intended that they do not limt the scope of
solutions of RPC were

obt ai ned froml36 f ¥edhed arccondais tol ¢IBAmp12, ncbarreckerdsed Hnethat the

Fi um essenti al

Injecting into the | iz ‘E%ijv i apdLtOlr Ea0he’
s V\natg%/fgé) heat j‘:i nagtai‘vat ed calf serum Washings

medi um (EMEM), suppl enente

fromthe individual pice contained 1-2 x 106_35 cells/nl. Suspensiqgns of
the cells fro%eacﬂef%ﬂgeaﬁspé:d&?’ﬂ &94SLAL8 {70°%a ?eg}'mf’igﬁgf‘é &8 t wo

t ubes. One
. ;.
15.
'10 - 16. .
17.
15

that it is applied in the course of -a' therapy using a
peat extract as cytokine inducing i modulator

substance.

Method according to claim 12, 13 or 14, characterized
in that it is applied in the course of a therapy using
TTP as cytokine inducing immunomodulator substance.

TTP, whenever used, tested or determined by mearis of a
method as claimed in any one of claims 1-15.

Composition for carryixig out the method according to
any one of claims 1 to 15, characterised in that it
contains, on one hand, a PBL culture or a RPC .
suspension, and, on the other hand, a non-steroidal
anti-inflammatory drug, prefei:ably indomethacin.

—
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18-~ sanple was treated with 100 [err] TTP/m and the other served as a
negative control show ng spontaneous: rel ease ‘of cytokines. 5 All cultures
were incubated at [err] for 20h and thereafter they were centrifuged at
1000 rpmfor 10 m n. The supernatants were collected and assayed for I FN-B
activities in a bioassay using a mcronethod of inhibition of 10 cytopathic
ef fect caused by EMCV (encephal onyocarditis virus) in nouse L929 cells.. In
each assay an internal |aboratory st andard3%es i ncl uded whi ch had been

cal i brated agai®$t¥®@tinternational reference preparation of Mi |FN,

hic effect was 15 neasured by
G THE IMMUNOLOGICAL ACTIVITY OF

The immunological activity of certain bioactive substances
is determined by treating a human péripheral blood leukocyte

5 (PBL) culture or a suspension of BALB/c mice resident _
peritoneal cells (RPC), with a solution of the substance to
be tested in order to induce production of cytokines which
then are determined: according to standard identification
methods; amplification of the results may be achieved by

10 admixing - to the solution to be tested - a non-steroidal
anti-inflammatory -and prostaglandin synthesis inhibiting
drug, preferably indomethacin. The method is also useful for
determining the immunological response of a human individual
to a therapy using a cytokine inducing substance.

15 ’
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and the remaining three were treated with 100,: 10 and 1
fThedpresanteimvehtR 0$@1ates to a method and composition
for assaying certain biocactive substances and determining

"their immunological activity with respect to their ability

to induce production of cytokines.'Cytokines;_such as
interferons (IFNs) and tumor necrosis factors (TNFs), are
hormone-like proteins which play an important role in
virtually all immunological reactions, as well as in the
regulatory process responsible for the maintenance of
homeostasis. The production of such cytokines can be induced
by certain substances which, on account of their bicactive
and immunomodulating activity, are useful in the therapy of
immunodeficiencies and related diseases.

There is, of course, a substantial need of methods for
properly and easily assaying the immunologicél activity of
such biocactive substances. It is the object of the present
invention to provide such a method.

EP-A-238 851 discloses in vitro test methods for determining
the magnitude of immune capacity of an animal or human,
based on exposure of PBL to a mitogen or an antigen such as
PHA, tetanus toxoid etc. in combination with an additional
immunoamplifier capable of increasing the IL-2 production,
such as amplifier Beta, tyrosylglycine, tyrosylglycyl-
glycine, etc. Whether or not the immune response may be
amplified is determined by assaying the production of IL-2
and, possibly, of gamma-interferon.

The method according to the present invention, howe&er,
allows to determine whether a tested substance is able to
induce production of different cytokines and permits a quick
and efficient check'of the properties of certain substances,
namely their immunological activity, at each stage of
production, separation, purification and formulation into
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Tests used until now to determine immunological activity are

5 numerous but difficﬁlt to carry out. When a new
therapeutical composition having an immunological effect is
clinically tested, its immunological effectiveness is
evaluated by monitoring the numerous, well known and
analytically determinable features of immunological systems

10 employing standard methods. Once the activity is proven,
there emerges the necéssity for representative single tests
enabling a quick check of the status of a patient in terms
of his or her immunological response.

15 1In clinical studies, evaluating IFN serum levels may be
difficult, unprecise and misleading. Interferons are often
produced locally in various tissues, they are short-lived,
their action is paracrine (in the immediate vicinity only)
and they are strongly bound to cellular receptors and

20 carrier proteins. '

On the other hand, technological processes for
manufacturing, purification and/or separation of
immunologically active substances such as in particular,

25 extracts from raw peat are usually muiti—step processes, and
there is always the need for establishing a reliable and
fast test enabling a thorough control of the production.
Moreover, since the substances are frequently of a complex
nature, as it is the case with peat extracts, it is

30 important to have a similar test for determining the
activity of individual fractions of such substances. It is
also necessary to find out a microscale testing method,
since the products to be analysed are very costly.

35 The following four basic findings allowed to solve the above

described problems. ~::::::::::::\\\\\\\\‘
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2. Interferon-B8 (and TNF-¢) is produéed in significantly
higher quantities by BALB/c mice resident peritoneal
cells (RPC) when treated with immunoactive peat

10 extracts as compared to a spontaneous release of these
cytokines in non-treated samples.

3. Certain peat extracts, when tested in-vitro as
mentioned above show a synergistic effect in
combination with known immunomodulators, such as

15 organoselenium compounds, the p-chlorophenylamide of 3-
methyl-5-benzoylamino-isothiazol-4-carboxylic acid and
indomethacin. This allows the use of much smaller
cgquantities of immunologically active substances to show
their activity.

20 '

4. PBL of healthy wvolunteers treated with TTP (a certain
peat-derived product) administered orally at a dosage
of 5 mg/day, tested for induction of certain cytokines,
IFN-a, IFN-y and TNF-a, lose the ability to respond to

25 induction of the cytokines with TTP solution after
prolonged, uninterrupted administration of TTP orally
and regain this ability after approximately two weeks
of rest, i.e., of interrupted TTP administration.

30 The method according to the present invention comprises
basically the steps of treating a human peripheral blood
leukocyte (PBL) culture or a suspension of BALB/c mice
resident peritoneal cells (RPC), with a solution of the
substance to be tested in order to induce production of

35 cytokines, and then determining said cytokines according to

standard identification methods.
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‘of donors of thqgeéﬁégi§% 6%d388r88 Eﬁngﬂééﬁﬂ% inventﬁgh fgﬂé%finéd_asFenale

follows:
Method for testing Dbio-active, cytockine inducing
immunomodulator substances by determining their immuno-
logical activity, characterized in that

a) a cell culture, comprising human peripheral blood
leukocytes (PBL) obtained from donors that are not
hyporeactive. to interferon (IFN) induction, is
prepared with a nutrient medium suitable for tissue
culture; or |

b) a suspension of fresh resident peritoneal cells (RPC)
obtained from - preferably 5 to 8 weeks old - healthy
“"virgin" BALB/c¢ mice that are not immunologically
stimulated or that do not show very high spontaneous
‘cytokine production, is prepared with a suitable
medium; and

c) non-hyporeactiveness under a) or lack of immuno-
logical stimulation or lack of very high spontaneous
cytokine production under b) is ensured by positive
and negative control; whereupon

d) the cell culture under a) or the cell suspension
under b) is treated with a solution of the substance
to be tested in order to induce the production of
cytokines which then are determined according to -
standard identification methods.

The peripheral blood leukocyte (PBL) culture used according
to the first variant or embodiment of the present method is
a short term culture prepared from fresh leukocytes of
healthy humans with a nutrient medium suitable for tissue
culture. The preferred density of a ready-for-use culture is
about 8 x 106 leukocytes/ml. The solution to be tes%ed is
preferably used in a concentration of 0.1 ~ 200 ug/ml. The

" method is, in particular, suitable for testing peat

extracts. -

A micro-scale determination is possible when the solution to
be tested, e.g. a peat extract or a fraction thereof, is
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9 (% the p—églorgp enylamide of 3-methyl-5-benzoylamino-

isothiazole-4-carboxylic acid, and indomethacin, as well as
analogues, homologues and metabolites of such substances.

Examples of organoselenium compounds which can be used for
10 this purpose are compounds of the following formulae 1-3;
the compound of formula 2 (Ebselen) being preferred:

(1) Bis-[2-(N-phenylcarboxamido)]-phenyldiselenide

(2) 2-Phenyl-1,2—benzisoselenazol—3(éﬁ)—one (Ebselen Pz 51)

15
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(3) Bis-[2-(N-{2-pyridyl)carboxamido)]-phenyldiselenide



of cytokine) and positive (treated wth a standard i nducer,

such as PHA or

pu

h

14

LPS) controls. -21- Table 2: IFN and TNF response QhpHBL 418t b
bl ood donors after stinulation either with various bafehgs ot
~standard inducers 5 Inducer Dose . No. PBL?9 0. - -}
~responders to: [err] tested | FN (0/() 1 INERX 9998TTP
010391 100 19 13 (68 - 13 (68) 30 © |
6 (46) 9 (69) 10 10 15

(93) 13 (87) TTP 020391 100 10 (71)
11 (79) 30 6 )

5 ( 5(()) ' Examp%ezi % lﬁﬂshi8f§§§ ggr:lvcfotlves whlcﬁ é%ﬂ bé‘Q)sed Efr ( 8 1)
20 (77) . the above purpose are compounds of the general formula I

R3

CH — cH— CONHR1

|
C — NHCOR 4

N

S
5
wherein Rq is halophenyl, preferably chlorophenyl, Rp is
phenyl and R3 is lower alkyl,.preferably methyl. The halogen
atom in the halophenyl group, chlorophenyl group Rq is
preferably in p-position of the phenyl ring.l
10

1)

The preferred compound of the above formula I is the p-
chlorophenylamide of 3-methyl-5-benzoylamino-isothiazole-4-

carboxylic acid, i.e. the compound of formula I wherein R4
is p-chlorophenyl, R is phenyl and R3 is methyl. For
15 brevity sake, this compound will be referred to below as
'Compound ITCL'. There exists a Trade Mark registration

“VRATIZOLINR" for this compound in Poland. Its synthesis and

properties are described in Arch. Immunol. et Ther. Exp.

1973, 21, 891.
20

All the immunomodulating agents referred to above for being

useful for micro-scale determinations, i.e. the

organoselenium compounds, the isothiazole derivatives and

indomethacin, have in common that they are non-steroidal

25 anti-inflammatories which inhibit the synthesis of

prostaglandins. They amplify the test results in the method

according to the present invention. For this reason;y they

are partlcularly useful for micro-determinations.

Amplification of the results may be 5-20 times.

30

Out of all the various non-steroidal anti-inflammatory

compounds useful for the purpose of amplification,

seleno

al

13
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30 20 9 (4
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5 | 3 (60) - 7 - ; 3 (60) TTP 111161
3 (60) 4 (80) 30 A a’ant <10
10 5 4 (80)
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16 (76)

{ 0 (0

100
2

10 (34) 30

especially J.q}gomethacn.rs,g are the pre%gn(%)ones. 54 (78)

In the prei@nt inventidn, differenB3af@Bera, which =~ 21 (51)
recognise indivi&@al induced %thﬁgﬁes, are emplo%gd(zgﬂese
sera are known and used for testing and standardisation of
different cytokines. Identification of the induced cytokines
should take place at the moment of completion of the

cytokine formation and prior to its proteolysis. Among
different cytokines induced, some are formed slowly and

remain stable in the solution, as for example interferon v,
while others are formed rapidly and are susceptible to
proteolysis, as for example tumor necrosis factors.

The method as described above may be employed also for the
determination of an immunological response of a human
individual to a certain immunoactive substance, provided
that such immunological response is not stimulated by other
factors, as for example by viral or bacterial infections. It
may be applied for monitoring of the drug response in
individual patients, for the determination of the optimal
dose of a therapeutic cytokine inducer, such as TTP, as well
as for the establishment of the effective scheme of the drug
administration. The method is based on the assessment of the
hyporeactivity state to IFN induction.

Thus, the present invention also relates to a method for
monitoring the immunological response of a patient to a
therapy using a cytokine inducing substance, characterized
in that

a) cultures of peripheral blood leuvkocytes (PBL)
obtained from blood samples that are taken from said
patient in defined time intervals are preparéd with a
nutrient medium suitable for tissue culture;

b) said PBL cultures are treated with a cytokine
inducing substance in order to induce production of
cytokines, preferably interferon and tumor necrosis
factor; and
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standard methods,
in order to assess development and disappearance'of
hyporeactivity of said PBL-cultures to interferon
induction.

The time intervals are preferably about 7-14 days.

In a preferred embodiment, the above method is applied in
the course of a therapy using a peat extract as cytokine
inducing immunomodulator substance.

According to a particularly preferred embodiment of the
invention, this method is applied in the course of a therapy
using TTP as cytokine inducing immunomodulator substance.

In view of the above, the present invention also relates to
TTP, whenever used, tested or determined according to the
methods of the present invention.

The present invention also provides, in its second variant,
for a testing method which is suitable for quick monitoring
of technological processes for the production, purification,
separation or the like of the immmunoactive substances. For
instance, when a suspension of BALB/c mice resident

‘peritoneal cells (RPC) is treated with the solution to be

tested, mice interferon-8 as well as tumor necrosis factor
are induced. Both may be detected and qualitatively
determined according to standard identification methods.

In this method, a suspension of fresh mouse resident peri-
toneal cells (RPC), containing approx. 1 x 106 cellé/ml, is
used. The solution to be tested is prepared in a nutrient
medium Eagle, or RPMI-1640 with the addition of 10% of fetal
calf serum. The results obtained are evaluated against a
calibration curve prepared with a model substance. As a
model substance, a sample of the same immunologically active
substance tested in a traditional way may be used. Again,

i : |
b s
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process for obtainihg peat extracts as well as analysing
their fractions. '

5 The present method is very simpie and efficient in _
comparison with other known methods, because it is based on
a direct induction of interferon B instead - as is the case
in a number of conventional tests - on a secondary effect of
formulation of antibodies. Until now, it was not possible to

10 find any similar method due to the fact that the '
immunosystem of mice significantly differs from the human
immunosystem and tests recognised as indicative for human
immunologic response - such as the presence of interferons
in the tissues of spleen or lymphonodes etc. - do not work

15 with the best laboratory test animals, i.e. with mice of
BALB/c type.

It was now found that a clear immunological response of the

BALB/c mice can be obtained when resident peritoneal cells
20 (RPC) are chosen as a biological material for testing, fresh

suspensions of such cells being used. For each test it is

sufficient to sacrifice just three animals. Results are

obtained within several hours. The biological material may

also be cultured and a corresponding line of macrophages be
25 established.

The method according to the present invention employs the
use of biological material, namely a peripheral blood
leukocyte (PBL) culture or a suspension of BALB/c mice

30 resident peritoneal cells (RPC), according to the
information given above. Presence and concentration'of each
cytokine is determined by methods for testing and
standardisation of interferons known from "Methods in
Enzymology', 1986, vol.119, part C: "Interferon'", edited by

35 ©Sidney Pestka. Determination of the whole spectrum of
cytokines induced identifies the immunological status of a

patient.
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and response. 10 j(Fromthe data give¢n in Table 3 it |s clear that in PBL
cul tures negative tt- ol is essential for evaluatlon of the
results. Further experinents show that, when non-responding PBL 15
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10 standard cO®WBRCtRé proper donors. In case of human leukocytes, samples
5 taken from individuals who show a hypo-reactivity (rare
cases), i.e. a low level of immunological response, should
be excluded from the evaluation. In case of the BALB/c mice
RPC suépension, samples taken from additiénally stimulated
animals (for example infected ones) should also bé excluded
10 from the evaluation. In case of the BALB/c mice RPC
suspensions, samples shouid not be taken from too young or
from too old animals, as there is an age-dependent
deficiency in cytokine production in such mice. 5-8 weeks _
old healthy animals should be selected. Samples showing very
15 high spontaneous production of cytokines should be '_
eliminated, especially when immunoregulatory substances are
tested, since no potentiation of cytokine induction or
sometimes even reduction of such induction may be observed.

20 That embodiment of the method according to the present
invention, wherein amplification of the results is achieved
by admixing a non-steroidal anti-inflammatory drug (one of
the substances referred to above, such as compound ITCL or
seleno organic compound 1, 2 and 3, but preferably

25 indomethacin) to the solution to be tested, is a microscale
test, particularly suited for determining'the'induced TNF
and TIFN activity. This test is economic, fast, applicable
for assaying a great number of samples simultaneously and
suitable for standardization and, at least partial,

30 automatization.

The two variants of the method according to the preéent

invention are described by way of example in more detail

below: | | |
35

Preparation of the solution of the substance to be tested:
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%l s?éveq_lq(ﬁqﬁriie bldlLtliied water a% a conéentgatlon of
10 mg/ml. The samples are sterilized by filtration through
0.45 pm, 600 kPa max Millipore(R), antibacterial filters.
Next, solutions are made in a complete RPMI-1640 medium
containing heat-inactivated fetal bovine serum (¥FBS).

A) The PBIL variant:

Cytokine induction

Buffy coats from healthy blood donors may be obtained from
the regional transfusion center. Alternatively, peripheral
blood leukocytes (PBL) may be isolated from heparinized
venous blood of healthy volunteers by Ficoll—Hypaque(R) (or
Histopaque(R)) density gradient (g = 1.077) centrifugation,
with subsequent twice washing of the cells. The erythrocytes
were lysed with NHyCl treatment according to Cantell et al.
(Cantell, K., Hirvonen, S., Kauppinen, H.L.: Production and
Partial Purification of Human Immune Interferon. Meth.
Enzymol. 112, 54, 1988). The leukocytes from a single donor
containing approximately 8x100 leukocytes/ml in RPMI 1640
medium supplemented with 10% fetal bovine serum (¥BS), L-
glutamine and antibiotics were used. All lots of FBS wére
pretested. Only non-mitogenic FBS for PBL cultures was used.
The cytokine inducers were added to 200-1000 ul volumes of
the cultures. The reference cytokine inducers were
phytohemagglutinin (PHA) (Pharmacia Fine Chemicals, Sweden
or Sigma, USA). The induced cultures of PBL were incubated
in an atmosphere of 5% COy in air at 37°C for 20 h and
centrifuged. Supernatants were stored at 4°C and assayed for
IFN activity within one week. Supernatants for TNF activity
determination have to be stored at -90°C or in liquid
nitrogen to avoid inactivation due to proteolysis.

Interferon assay

Confluent monolayers of A549 cells were prepared in
microplates in Dulbecco-modified Minimum Essential Medium

d (w-thical cul ated 30 standard deviations
cqd) . - 24 - Table 4: Effects of different

& To be tested[€!d. a peat ekersde, pits/nl [err]

0. 96



10 1.81 + [err] 1.45 + [err] 10 TTP 0203 .23
+ [err] 1.35 + [err] 30 1.12 + 0.90  Tororbddkmae 10
0.75 + 0.76 0.86 + 0.90 TTP 101091 100 4 e AT 2

1.38 [err] 30 0.99 + 1.12 0.62 + 0.80 §5{ - - {110
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30 1.39 + 0.81 1.79 + [Jerr] 10 1.1+ .0 .91

i- 83 + 284(517654)1%3&110%1%5 L-g 1u'1ta§cﬁne+ aﬁdlgntlblotlcls 18+ [e(r)r]6630
+

25 TTP (8x) ‘pemcfo]&]in 00 ‘:En% /‘Ll Fng rﬁtreﬁt%”gi’c#n {)‘?‘gi’l%/(‘}‘q’mﬂﬂ 88 +

0.81 0. §amples AidAted in the plates were added to the cell’

monolayer and incubated at 37°C for 20 h in 5% CO3 in air.

5 The cells were then washed and challenged with
encephalomyocarditis virus (EMCV). The titer of IFN was
defined as the dilution of IFN sample that reduced virus
cytopathogenic effect by 50% after 48 h of incubation. The
MTT (3-[4.5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium

10 bromide) method (Hansen, M.B., Nielsen, S.E. and Berg. K.:
Re-examination and Further Development of a Precise and
Rapid Dye Method for Measuring Cell Growth/Cell Kill. J.
Immunol. Meth. 1989, 119, 203-210) to measure the cell kill
in the ELISA scanner was also used. Laboratory standards of

15 IFN have to be included in all assays e.g. recombinant human
IFN-y (specific activity 2x106 units/mg), the natural human
leukocyte IFN-a (3x10® IU/ml) and IFN-y (2x10%® IU/ml).

TNF assay
20

The cytotoxic activity of TNF was measured in Lgzg9 cells
according to Flick and Gifford (Flick, D.A., Gifford, G.E.:
Comparison of in Vitro Cell Cytotoxic Assays for Tumor
Necrosis Factor. J. Immunol. Meth. 68, 1667, 1984). The

25 samples and actinomycin D (5ug/ml) solution were added to
monolayer cultures of the cells. After incubation at 37°C
for 20 h, cytotoxic effects of TNF were determined either by
the microscopic examination of the cultures or by using the
MIT method. The amount causing approximately 50% destruction

30 of the cell cultures was defined as one unit of TNF
activity. Comparison with a preparation of TNF-a (Genentech
Inc., USA) showed that 1 unit in the assays was equal to 100
- 200 pg/ml TNF.

35 Cytokine neutralization assays

The cytokines produced by PBL treated with the examined
preparations may be identified by neutralization assays with -
the specific antibodies (Inglot et al., Organoselenides as
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Experientia 1990, 46, 308-311). Furthermore, various ELISA
kits for the determination of the immuno-activity of a
defined cytokine may be applied.

Comment

In the supernatants obtained from the cultured lymphoid
cells, other than TNF or IFN cytokines may be found and
identified by other standard methods, e.g. Interleukins (IL-
1-10), GM-CSF, TGF-8B etc.

B) The RPC variant: Cytokine induction.

Mouse resident peritoneal cells (RPC) are obtained from
approximately 6 weeks old BALB/c mice killed with ether, by
injecting into the peritoneal cavity 5 ml of complete RPMI-
1640 medium at room temperature. The washing medium
containing RPC is collected into ice-cooled 50 ml centrifuge
tubes. The RPC are neither washed nor centrifuged.

The cells are counted in a Blirker hemocytometer and
suspended to a density of 1-1.5x106 cells/ml. Such cell
density is regquired for all of the assays measuring the
effects of various concentrations of the preparation (from
0.1-500 ug/ml). The negative and positive controls are
included in all of the tests. The negative control measures
the spontaneous release of TNF or IFN by RPC incubated with
the complete RPMI-1640 medium without the inducers, whereas
the positive control shows the effect of a standard lipo-
polysaccharide inducer (LPS from E. coli 055:85, Sigma 1-10
ug/ml) . All of the cultures are incubated at 26°C'f6r 20 h.
Thereafter, the cultures are centrifuged at 1000 rpm for 10
min and supernatants are collected. Using an automatic
pipette, the supernatants are diluted from 1:2 to 1:256.
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To determine TNF activity in supernatants from RPC cultures,
the 20 h old monolayer of Lgzg9 cell cultures are used.

The mouse fibroblaét—like Lgp9 cells, 2x104 cells per well
in 100 ul .of complete medium, are seeded in 96-well flat
bottom plates and incubated for 20 h at 37°C in order to
obtain a monolayer.

The transfer of supernatants must be very accurate. The
incubation of the Lgyg9 cultures is carried on for 24 h at
37°C in an atmosphere of 5% CO; in air.

Evaluations
1) Reading of the cytotoxic effects under the reverse
microscope.

2) MTT test (3-[4.5-dimethylthiazol-2-yl]l-2,5-diphenyl-
tetrazolium bromide, Sigma).

To measure cell killing with Lgzg9 cell cultures, 25 ul of
MTT dye solution at a concentration of 5 mg/ml are added
into every well of the microplates.

Next, the plates are incubated for 2 h at 37°C in an
atmosphere of 5% COy in air.

Thereafter, 100 ul of the solvent solution containing 45 ml
of dimethylformamide, 13.5 g of SDS (sodium dodecyl
sulphate), and 55 ml of distilled water, are added to every
well. )
Incubation is carried on for 12 hrs at 37°C in an COy
incubator. The results of MIT color test are read in a
Multiskan 340/CC reader (Labsystem) using a 570 nm filter.
Reference recombinant TNF-a has to be used.




25 TTP 111191 100 100 18 30 <10
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| FN or 35 TNF titrations. ldentification of the inducdd icytoki-nes—has bgen
performed by means of neutralisation of IFN and TNF i nquced by TTP. - 26-

The above resu[[me%e}(p‘g bg)g%%rsiagents are expl ai ned by Pgr—5—

_IFN is assayed by inhibition of the cytopathic effect caused
by mouse encephalomyocarditis virus (EMCV in mouse Lg3g

5 cells, reference Mu IFN a/B, standard from National
Institute of Health Béfhesda, MD, USA is included). The
cytopathic effect is observed under a reversed microscope
and also it is measured by the MTT method as described
below: '

10
MTT method according to Berg et al.
Berg K., Hansen M.B. and Nielsen S.E. (1990): A new
sensitive bioéssay for precise quahtification of interferon
activity as measured via the mitochondrial dehydrogenase

15 function in cells (MT'T-method). APMIS, 98, 156-162.

MTT (3/4,5- dimethyl-thiazol-2-yl/2,5-diphenyl tetrazolium
bromide, Sigma) is diluted in PBS at a concentration of
5mg/ml. To measure cell killing with Lgy9 cultures, 25 ul of

20 MTT dye solution at a concentration of 5 mg/ml is added to
every well of the microplates. The control reference sample
of TNF or IFN is included. Next, the plates are incubated
for 2 hrs at 37° C in an atmosphere of 5% CO; in air.
Thereafter, 100 ul of a solution containing 45 ml

25 dimethylformamide, 13.5 g of SDS (sodium dodecyl sulfate)
and 55 ml of distilled water are added to every well. After
overnight incubation at 37° C the optical densities at 570
nm are measured, using a microplate reader Start Fax '
Awareness Technology Inc. 2100, employing the extraction

30 buffer as the blank.
Both TNF-a, IFN-B, and other cytokines, may be also’assayed
using commercial ELiSA kits.

35 A composition for carrying out the method of the present
invention is essentially characterized in that it contains
double processed tissue culture water, & culture medium and
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contain the following items:

1 Double processed tissue culture water, 100 ml
2) Histopaque(R) or Ficoll-Hypaque(R) - 1077, (density
10 gradient medium), 100 ml
3) RPMI-1640-Medium, 2x100 ml (with sodium bicarbonate and
'~ L-glutamine, sterile filtered, endotoxin tested)
4) Fetal bovine serum (FBS), 20 ml,
low in endotoxin and hemoglobin
15 5) Lectin from Phaseolus vulgaris 0.5 mg
(Phytohemagglutinin - PHA-P)
6) Round bottom tubes with caps, polypropylene sterile for
tissue cultures 17x100 mm, capacity 14 ml, 25 per bag
7) Tissue culture plates with lids, 2 plates, 96 well,
20 flatbottom, sterile. '

Reagents available from: Sigma Chemical Co., St. Louis; Mo.,
USA or other companies. a

25 Such a PBL kit may be used as so-called second phase
screening system, to confirm results obtained with RPC cells
or sometimes as a direct screening system for several
substances which may be inactive as immunomodulators in
rodents, e.g. organoselenium compounds.

30
A diagnostic kit (cytokine inducer kit) for use in the RPC
variant of the present method (for 10-20 manual asséys) may
contain the following items:

35 1) Double processed tissue culture water, 100 ml

2) RPMI-1640-medium, 2x100 ml, (with sodium bicarbonate
and L-glutamine), sterile, filtered, endotoxin tested)
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5 Polypropylene, for tissue culture, 12 x 75 mm, 6 ml
capacity
6) Tissue culture plates with lids, 5 plates, 96 well,
flat bottom, sterile.

10 Reagents are available from Sigma Chemical Co. St. Louis,
Mo., USA or other companies.

A composition according to the invention for carrying out
the method of the present invention involving amplification

15 of the results, which composition is particularly suited for
micro-scale tests, is essentially characterised in that it
contains on the one hand a PBL culture or an RPC suspension,
and on the other hand a non-steroidal, anti-inflammatory and
prostaglandin synthesis inhibiting drug, preferably a

20 substance selected from the group of organoselenium com-
pounds, such as Ebselen, indomethacin or Compound ITCL, and
derivatives, analogues, homologues and metabolites of these
compounds, most preferably indomethacin. )

25 The following specific Examples illustrate the present
invention. It is intended that they do not limit the scope
of the invention in any way.

Example 1:

30 Individual solutions of RPC were obtained from 36 female, 7-
8 weeks o0ld BALB/c.mice killed with ether, by injecting into
the peritoneal cavity 5 ml of Eagle's minimum.essenéial
medium (EMEM), supplemented with 10% heat-inactivated calf
serum. Washings from the individual mice contained 1-2 x 106

35 cells/ml. Suspensions of the cells from each mouse were
divided into two samples distributed to two tubes. One



cultures incubated with TTP (three different batches of TTP_ and seven
dlfferent PBL were used) were treated with the indicated aﬁ ranto-
'Non. treat ed preparations; 2 Treated with antl-HuIFN-[err],i
anti - Hul FN-Ly; 4 5 - Treated with anti-Hul FNy. Exanple 6 The procedure P
.described in Exanple 5 was followed in order to show the érrpl 1T e gf*@ec{ i
.of the presence of an anplifier, viz. I ndqget.haci n, accordlng to the P
present 10 invention. Each PBL culture was divided into several samples: ;
:One of them was a negative control show ng spontaneous release. of !
icytokines, the other one was a positive control treated with 15 a standard
pot ent cytoklne I nducer of a nature indicated below and the remainin
‘sanpl es were t FREPER W#% Freated PFaER) 1999 FREFIngndothggathar GEoyed as
well as TTP | aedanfa_;aﬂmmmhtapmeenowmaa&ﬁdeﬂ;aﬁboasdrézeés?éRﬂctIvely, and
5 [err] indorrew?%) i TTP of the sane batches (Table 6a) or 20 10 [err]
conpound IﬂgL 1 he sane batches (Table 6b),

All cultures were incubated at 26°C for 20h and thereafter
they were centrifuged at 1000 rpm for 10 min. The
supernatants were collected and assayed for IFN-8 activities
in a bioassay using a micromethod of inhibition of

10 cytopathic effect caused by EMCV (encephalomyocarditis
virus) in mouse Lgg cells. In each asséy an internal
laboratory standard was included which had been calibrated
against the international reference preparation of Mu IFN,
G002-904-511, NIH, Bethesda, USA. The cytopathic effect was

15 measured by the MIT method according to Berg et al, APMIS,
98, 156-162. The results obtained were as follows: for the
controls the IFN-8 level was 1-8 U/ml average being <2, for
the samples treated with TTP, the IFN-B level was 4-127
U/ml, the average being 16 U/ml. The results are graphically

20 presented on the accompanying drawing Fig.1 (Comparison of
IFN-B production by RPC treated with TTP and non-treated. 1-
limit of detection, 2-mediana. According to Mediana test .
P=0,0000. Every point shows the level of IFN in RPC isolated
from individual mice).

25
Example 2:
The procedure as described in Example 1 was repeated with a
group of 7 mice, however, instead of dividing each
individual mouse RPC suspension into two samples, only one

30 suspension was divided into four samples. The samples were
distributed to 4 tubes (1 ml in each). One of the semples
was a negative control and the remaining three were treated
with 100, 10 and 1 ug TTP/ml to determine a TTP dose-
dependence of the IFN-8 release. After incubation of the

35 cultures for 24h at 26°C the tubes were centrifuged. In the
collected supernatants IFN-B was determined as described in
Example 1. The results obtained are presented on the

e ——




or else 10 or 20 [err] sel eno-organic conmpounds (1), (2 3 ffAe
,above + TTP of the same batches. In the supernatants of Aﬁiﬁﬂﬂﬁr EE

'cultures | FN and TNF were determ ned. 25 The results optjai ned are shoy
Tables 6a, b and ¢ bel ow. Table 6a: The effect of anpliffilcatli®REBf1998e

cytoki ne induction in the presence of indohethacin 30 . I'nducer

| ndo- Concen- Cytokines (units/m) metfwacin tratign I FN

TNF [err] 1.a) TTP 010391 - 100 30 750 _TT1P
010391 - 10 30 250 TTP 010391

11 20 T +

2200 TTP 01039 fccompanyngg é—xg)avﬁjr%g%g 2 (B%%endencel%(}_ gSN prod\lt%)ioon on

TTP concentration). Each curve relates to the results
observed with a single mouse derived RPC suspension.’

5 Example 3:
The procedure as described in Example 1 was followed, except
that TNF-a was determined instead of IFN-8.

Supernatants from the RPC cultures, non-treated and treated
10 with 100 ug TTP/ml were assayed for TNF activity in a
bicassay. The mouse fibroblast-like Lgyg cells (4 x 10%
cells per well in 100 ul of complete EMEM) were seeded in
96-well flat bottom plates (Falcon, Linbro, Flow) and
incubated for 4 h at 37°C in an atmosphere of 5% CO; in air.
15 The samples were diluted in EMEM with actinomycin D (end
concentration 2.4 ug/ml) in the additional plate. Next, the
culture medium above the Lgzg cells monolayer was removed
and the prepared dilutions were transferred to this culture
using a multichannel pipette. After incubation for 20 h at
20 37°C, the cultures were assayed for cell kill by the MTT
method as described above. The results obtained were as
follows: for negative controls the TNF-a level was within a
range of 1-256 U/ml the average being 8 U/ml, and for the
samples treated with TTP the TNF-a level was 2-256 also, but
25 the average was 64 U/ml. The results obtained are shown on
the accompanying drawing Fig.3 (Comparison of TNF-a
production by RPC treated with TTP and non-treated. 1-limit
of detection, 2-mediana. According to Mediana test P=
0.0030. Every point shows the level of TNF in RPC isolated
30 from individual mice).
Example 4: ’
The procedure as described in Example 2 was followed, except
that instead of IFN-B, TNF-a was determined essentially as
35 described in Example 3 above.
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Fig.4 (Dependence of TNF production on TTP concentration).

Example

5:

A. Biological material. Over 115 buffy coats from individual

healthy blood donors, obtained from Wroclaw Regional

Transfusion Center, have been used for the assays. The

characteristics of -the donors are given in a Table 1,

below.

Table 1: Characteristics of donors of blood used as a source
of PBL

Age No. Male Female Donation

(years) Multiple Single

21-30 24 22 2 24 -

31-40 45 44 1 45 -

41-59 -46 44 2 40 6

Toﬁal 115 110 5 109 6
% 100 96 4 a5 5

The majority of them were young males who donated blood many

times. Considerable variations in the response of PBL from

the individual donors have been observed and are reported in
Table 2 below.

As it results from Table 2,

10-30% of PBL cultures may not
respond to a 100 ug/ml TTP dose, whereas only 7% cannot be
stimulated by a 10 ug/ml PHA dose, and 20% did not respond

to a 10 ug/ml LPS dose with IFN production, and 50% did not

respond to the same dose of LPS with TNF production. These

data are essential for proper selection of biological

material. Non-responding PBL cultures are detected by

evaluation of the negative (non-treated,

spontaneous release

of cytokine) and positive (treated with a standard inducer,
such as PHA or LPS) controls.



none + 5 10 <9 a) v, PBL were prep:
from fresh heparinized bl ood by Ficoll-Hypaque separati on technlque PBL
cultures contained [err] cells/m, 5 b) PBL were prepared fromthe buf y
 coat obtained fromthe Regi onal Transfu3|on Center. The: cellgxy%&b el
processed according to the Cantell et al. nmethod (Meth. iEnzynol . 1981, wiB
29-38). PBL cultures contained [err] cellg{m. 1.0 Tabl e, 657 The ef f ect oﬁ
anplification of the cytokine induction in the presence of _Compoung-—-T+CL

Exp. I nducer Compound Concen- Cytoki nes (units/m) ITCL tration
| FN TNradie 2T HENOLA39 3

TTP 010391 o Gk respyse of PB% “Peom-199)155021 bloog
100+10 3000 - donggs after stimulation either with various

batches of TTP or with standard inducers

5 Inducer Dose No.PBL No. responders to:
(ug/ml)  tested IFN (%) TNF (%)
TTP 010391 100 . 19 13 (68) 13 (68)
30 13 6 (46) 9 (69)
10 10 15 14 (93) 13 (87)
TTP 020391 100 14 10 (71) 11 (79)
30 12 8 (67) 8 (67)
10 10 5 (50) 5 (50)
TTP 101091 100 26 21 (81) 20 (77)
15 30 20 9 (45) . 8 (40)
' 10 24 14 (58) 15 (63)
TTP 010991 100 5 5 (100) 4 (80)
30 4 2 (50) 0 (0)
10 5 2 (40) 3 (60)
20 TTP 021091 100 5 4 (80) 4 (80)
30 4 3 (75) 4 (100)
10 5 3 (60) 3 (60)
T™P 111191 100 5 3 (60) 4 (80)
30 4 2 (50) 3 (75)
25 10 5 4 (80) 2 (40)
TTP (8x) 100 29 19 (66) 10 (34)
30 24 14 (58) 11 (46)
10 21 16 (76) 2 (10)
PHA 10 69 64 (93) 54 (78)
30 IPS 10 41 33 (80) 21 (51)
None - 69 36 (52) 20 (29)
/.
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u/ml peat extract in International Activity Units

IFN / units/ml TNF / units/ml
Series | Number | Range | Medi | Numbexr Time of assays
No. of ana of 24h |Medi | 6 days |Medi
assays assays | Range ! ana Range ana
Control
without 333 <10- 10 41 9-750| 27 9-80 9
induces 100
31090 3 5-30 30 3 ND ND 9-80 80
291290 21 “10- 100 14 ND ND 9-750 40
3000
010391 23 10- 60 17 ND ND 9-160 9
2000
020391 19 10- 30 32 9-750| 200 | 9-250 27
1000

The conditioned media were stored at 4°C before assaying

Human peripheral blood leukocytés from healthy blood donors
(8x106 cells/ml) were used.

B. Experiments performed;
Peat extract samples taken from different production batches
numbered as shown in Table 3 have been tested using the PBL
test as described above. In the experiments, interferon
(IFN) and tumor necrosis factor (TNF) have been determined
qualitatively and according to the above mentioned standard
procedure; their activity, as expressed in International
Activity Units, was determined. Experiments were repeated a
number of times quoted in Table 3. Result ranges and medians
are also given.

+ 30+10 300 80  REMACEMENT $
3000 250 none . [RERLACERENT SHEET 10
+ 10 <10 <9{ 2} |
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<9 TTP | + 100+10 3000 250 TP I
300 9 PHA _ 55 _ ' 10 100
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<9 Table 6¢c: The effect of anplification of the
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337 ug/ml, interferon activity was within a range of 30 - 300
International Activity Units, while at a concentration of
100 ug/ml, it was 300 - 1000 International Activity Units.
Intermediate concentrations showed a linear relation between

dose and response. -

From the data given in Table 3 it is clear that in PBL
cultures negative and positive control is essential for
evaluation of the results.

Further experiments show that, when non-responding PBL
cultures are not taken into conéideration and statistical
evaluation of the large number of experiments is performed,
the effectiveness of the tests according to the invention
cannot be questioned.

For over two years the cytokine inducing activity of over 20
different batches of TTP, including 10 standard commercial
batches of the drug, the activity of which has been .

2) batches rejected by the
manufacturer due to the inadeguate biological activity

determined in biological assays,

determined in mice which was below the established standard
and 3) laboratory peat extracts prepared on a small scale.

The results obtained are presented in Table 4 below in the
form of mean levels of IFN and TNF .induced (with calculated
standard deviations - SD and statistical significance).

rd




PHA - 30 <9_nane Conp. (3)

10 10 <9 none - Y e o— )
" <9 - 30- PBL cultures contained [err] cells/m. pre L iBEAL S -
‘preparation produced on a small scale. The relative y | ow. TNF resp sfe i3
probably due to the fact that the buffy coats were qoBFgB@g s Jat

[err] before the preparation 5 of the tures. Th jsel eno- organl i

conpounds are inducers of the cytokines as well as TP Exanpie—7—A

di agnostic test reflecting the effect of adm nistr on of TTP orall;1
daily doses of 10 of ¢ i all i ab tab
invitro cul t%b&er”gspgﬁg'édf% %é] etrieB ggeé‘bl% £ %‘YF Pﬁ‘dt e#l&‘
cyt oki nes was perf or mpdodectiah iy thamahePBhrti cul ars gi ven

Inducer Dose IFN _ TNF
5 (ug/ml) Logq10 units/ml (+ SD)
TTP 010391 100 1.417 + 1.07P 1.26 + 0.91€
30 0.96 + 1.07 1.25 + 0.88P
10 1.81 + 0.58C 1.45 + 0.63C
10 TTP 020391 100 1.23 + 0.812 1.35 + 0.75C
30 1.12 + 0.90 1.14 + 0.83bP
10 0.75 + 0.76 0.86 + 0.90
TTP 101091 100 1.70 + 0.91€ 1.38 + 0.81€
30 0.99 + 1.12 0.62 + 0.80
15 10 1.22 + 1.072 0.94 + 0.76b
TTP 010991 100 2.24 + 0.30C 1.35 + 0.73b
30 1.00 + 1.00 0.0
10 0.56 + 0.68 0.88 + 0.73
TTP 021091 100 1.72 + 0.87P 1.49 + 0.84b
20 ' 30 1.39 + 0.81 1.79 + 0.20¢
0 . 1.11 %+ 0.91 1.01 + 0.84
TP 111191 100 1.36 + 1.12 1.18 + 0.62P
30 1.00 + 1.00 1.21 + 0.71@
10 1.56 + 0.862 0.54 + 0.66
25 TTP (8x) 100 1.04 + 0.822 0.63 + 0.91
30 0.88 + 0.81 0.75 + 0.84
10 1.10 + 0.70P 0.13 + 0.402
PHA 10 2.08 + 0.79¢ 1.67 + 0.99€
LPS 10 1.36 + 0.80C 0.97 + 1.01b
30 None - 0.64 + 0.63 0.42 + 0.67

Mean values were calculated from all results of IFN or TNF
titrations. The non-responders were regarded as O.

35 2&-C pifferent from "None'" (spontaneous production of the
cytokine) at @ p<0.05, P p<0.01 or € p<0.001.
Mediana values corresponding to the results presented in
Table 4 are given in the next Table 5, while selected data

on PBL



bel ow. 15 The test was perforned with 4 healthy fenal e volunteer:
43-58, who donated 20 m venous bl ood taken from v.ul naris:weekly: ke —
during and after the adninistration of TTP at a daily dose of ‘5 mg tm—
‘tablets. Two different regi nen of adm nistration have beeh - perf fg%dmg‘“”
of the volunteers 20 (referred to further as B.K. and J.Z J.) iWe

subjected to a treatnment with TTP consi sti Eg of three sevbnbday ey¢cl es.. th
drug was administered per os, one 5 ng tablet daily for dne week with a |
seven day rest followed by a seven-day period of TTP oral —ddmnistration—-
The' t ot al dosage was 21 tablets. 25 Thedgt her_t vgl_unér_(laér r.ef eréed to
further as A DF® BRESSRYEY) WRefeIrrRBTS ?ﬁql?no &9s- PR BRI y
admi ni stered peffest%cmft idifdiegientf batthes o fivdlies onTHENt @@ | TNFbsage was al so

21 tablets. Af bgédg&\@lcy@elg%sgecw%lythe treat ment was repeat ed.- 30 The 5
ng. TTP tablets used were a standard commerci al :

5 Table 5: Effect of different batches of TTP on IFN and TNF
production by human PBL

Inducer Dose IFN TNF
(ug/ml) - Units/ml!
10  TTP 010391 100 30 27
30 <10 27
10 100 27
TTP 020391 100 30 50
30 30 34
15 - 10 <10 <9
TTP 1071091 100 100 34
30 <10 <9
10 . 45 18
TTP 010991 100 300 27
20 30 <10 <9
10 <10 18
TTP 021091 100 100 27
30 60 80
10 60 : 27
25 TTP 111191 100 100 18
30 <10 40
10 . 100 <9
TTP (8x) 100 20 <9
30 10 <9
30 _ 10 20 <9
PHA 10 200 80
LPS 10 30 27 ’
None - 10 <9

Mediana values were calculated from all results of IFN or
35 TNF titrations.

Identification of the induced cytokines has been performed
by means of neutralisation of IFN and TNF induced by TTP.



product of TORF CORPORATI ON Pharnaceutical Factory of WWoclaw,_  Poland. Each

tabl et contained 5 ng TTP, 43 ng Lactose and 2 ng NNVA1§§§LE@LHHHQPSHEET

"cytokines in PBL-in 35 vitro cultures, powdered TTP as |a [ptHe—stbsi-a has

used in formof a stock solution containing 20 ng TTP/ fl {of Eﬁﬁo en free
redistilled water stored at [err] - 31 - Bl ood sanplie

vol unteers were heparini sed with Hepacri pg POLFA sol uti off Lhout
preservatives at a final concentration of 10 units/nm and treated as
described earlier to prepare a PBL in vitro culture, Mkrtn'ﬁﬁs t+hen—5

nEB 1898 t he

treated V"'thrﬁé(ta%‘dx}%e 5e@§38§réfp %L:Pp%ﬁﬁgn?srpaf@ gEARek d 5?5;%“9 'n

t he precedi ng exanpl e

[err tures were used 1 n each treatnent. The

super nat ant s23@r& aspestivelyer r] and assayed for IFN within one week, and
stored at [err] and

10
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Effects of different batches of TTP on IFN production by
human PBL (Fig.S5). Seven different batches of TTP were used.
Every point of the graph refers to the PBL of an individual
healthy blood donor. IFN activity refers to antiviral units.
The shaded area shows the limit of the non-significant data.
The horizontal lines show mean values. The induction of IFN
by 30 and 100 ug/ml of TTP is statistically significant (at
p < 0.05).

Effects of different batches of TTP on TNF production by
human PBL. TNF activity is expressed in the cytotoxic units
for the mouse Lgg9 cells. The response to 30, 100 and 200
ug/ml of TTP is significant (at p < 0.05) (Fig. 6).

In the experiments, potent polyclonal antisera have been
used, namely: anti-natural IFN-a, anti-lymphoblastoid
(Namalwa) IFN-a and anti-natural IFN-y to neutralize
antiviral activity in supernatants of PBL cultures treated
for 20 h with three different batches of TTP. Results, as
shown on accompanying drawing Fig.7 (Results of neutrallz—‘
ation of IFNs by polyclonal Anti-IFNs sera) indicate that
portions of IFN types a and y produced by PBL from the indi-
vidual blood donors varied considerably. It is suggested
that the released IFN pattern of the each PBL donor is an
individual characteristic of the donor.

Neutralisation assays carried out with a potent polyclonal
rabbit anti-TNF-o serum (Genzyme Inc.) showed that the TNF

induced with TTP is mainly TNF type a. It has been confirmed

by the results of similar neutralisations carried out with
rabbit polyclonal anti-TNF-8 serum (Genzyme Inc.) which did
not neutralise the TTP induced TNF activity.

Fig.7 shows the results of neutralization of IFNs by
polyclonal anti-IFNs sera. IFN containing media from PBL




assayed, respectively for TNEto avoid inactivation 10 spont aneous
proteol ysis. IF\R}aﬁdfi{f’#ﬁEﬁgrﬁ{ﬁgﬁayed in the same manner—as—described—
above. The resu pfesented on the acconpanying draw ngs

Fi gs. 8-13 (respon‘ ‘r% res of 15 different patients to | FN.

I nducers and t o] TNF f f&ﬂ@éd ihg the oral adnministration.of TTP). As may
be seen fromthé d oh Figs.82dnd 9 showi ng the | FN'response of
the first groupiof volunteers 20 Huring adm nistration cycle, the response
decl i ned and ret-trrred—to—tte—nrti al value after two weeks rest. In
contrast, TNF rcedpopres Showeted kigh TOPalthide ididifexsnt Hatdhes of TTP

admi ni stration of Ezl?e&nalfféfme B&,Owgp agéasalwéx%we&eafc&&rwiw
rest. 25 Data shown on h%\_gs 'ﬁreFrN 13 re eCtlnﬁg%i{ e resBonse to t

cyt oki ne i nductifSdcphed Waof Tag PR stHSatseh POEPRbR s 2A‘D I
prove that the TrgptedaeltlidntistHIFNI-a;| BN- Treated with anti-HuIFN-Ly; 4

5 - Treated with anti-HuIFN-y.

Example 6: The procedure described in Example 5 was followed
in order to show the amplifying effect of the presence of an
amplifier, viz. indomethacin, according to the present

10 invention.

Each PBL culture was divided into several samples. One of
them was a negative control showing spontaneous release of
cytokines, the other one was a positive control treated with

15 a standard potent cytokine inducer of a nature indicated
below and the remaining samples were treated with 1-100
ug/ml TTP, batch no. 010391 or 020391, as well as TTP I and
TTP II which appear in Tables 6b and 6c respectively, and 5
ug/ml indomethacin + TTP of the same batches (Table 6a) or

20 10 ug/ml compound ITCL + TTP of the same batches (Table 6b),
or else 10 or 20 ug/ml seleno-organic compounds (1), (2) or
(3) as defined above + TTP of the same batches. In the
supernatants of the incubated cultures IFN and TNF were
determined.

25 The results obtained are shown in Tables 6a, b and ¢ below.

Table 6a: X
The effect of amplification of the c¢ytokine induction in the

presence of indomethacin

30

Exp. Inducer Indo- Concen- Cytokines (units/ml)

methacin tration IFN < TNF

ug/ml

1.a) TTP 010391 - 100 300 750

TTP 010391 - 10 30 250

T™TP 010391 - 1 20 80

TP 010391 + 100+5 1000 2200

TP 010391 + 10+5 200 750




i nduction is

.orally. The hyp

reﬁﬁ@iﬁﬁﬁgf T 3-Weekis of continuous 30 admnistration of TTP
V*S%&Pé-shown as loss of abilityofPBC cultures

to respond to the|induction of

weeks of rest.

n Cong IFEB 1998ur

hyporeactivity to{ TNF i nduction
results indicatg that The optin
i nducer can be established -

N with TTP sol ution dlsappears after two
g three weeks of TTP admi nistration, the
di d not 35 develop (Fig.12). The above

unp dose -ofzgl amunonodul at or bei ng a cytoki ne
32 - individually for each patient treated
with a sinple PBL test according to the present invention.
TP 010391 + 145 <10 250
LPS - 10 200 500
none - - <10 -9
.none + 5 20 27
2.b) TTP 020391 - 100 600 50
T™TP 020391 - 40 20 9
TTP 020391 - 20 - 10 9
TTP 020391 - 10 <10 <9
TTP 020391 + 10045 600 80
TTP 020391 + 40+5 100 27
T™TP 020391 + 2045 : 100 -9
TTP 020391 + 1045 30 9
PHA - 5 600 50
PHA + 5+5 2000 80
none - - 60 <9
none + 5 10 <9

10

a) PBL were prepared from fresh heparinized blood by

Ficoll-Hypague separation technigue. PBL cultures

contained 7x10® cells/ml,

b) PBL were prepared from the buffy coat obtained from the

Regional Transfusion Center. The cells were processed

according to the Cantell et al. method (Meth. Enzymol.
1981, 78, 29-38).
PBL cultures contained 8x10% cells/ml.

Table 6b:

The effect of amplification of the cytokine induction in the

presence of Compound ITCL

Exp. Inducer Compound Concen- Cytokines (units/ml)
ITCL  tration IFN © TNF
1. TTP 010391 - 100 100 18
T™TP 010391 - 30 100 9
TTP 010391 100+10 3000 80
TTP 010391 30+10 300 80



-33- CLAIMS 1.

i rmunonodul at
‘characterized

| eukocyt es (PBL

interferon (I
- tissue 10

cells (RPC) obt

~$,&ag

UM O

(0]

FN

1RE
ilnjthat a) a celll ¢ulture,
)
)

@US twhg bio-active,
1éierm’ning their

cyt oki ne inducing |
| mmuno-_5 logleal—activity,

conpri si ng hu#&Hﬂ¥H4ﬁﬁK¥i&—ﬁﬁﬁ©d

oby 8 FEB 99®m|dgnors that are not hyporeactive to
I nducti on,

| S |piepared with a nutrient nedlun1SU|tabIe for

curture;
ined from-

or b)

BALB/c m ce that are not

a suspespsion of fresh reS|dent perltonea
prefdrably 5 to 8 weeks old -

heal thy "virgin"
i mmunol ogi cally stinulated or that do not show

very high spo
sui t abl e nedi
| ogi cal stinu

rane 15 Cytokine groduct igdpo I'S prepasgd W tth a
un and C) non- hyporeactlveness under a)_ or |ack of I mrunjo-
ati onf@re | ack of very high spontaneous

none + 10 <10 <9
2. TTP I - 100 3000 27

TTP I - 30 30 <9

TTP I + 100+10 3000 250

TTP I + 30+10 300 9

PHA - 10 100 18

none - - 10 <9

none + 10 10 <9
Table 6¢c:

The effect of amplification of the cytokine induction in the

presence of the seleno-organic compounds

Exp. Inducer Seleno-orga- Concen- Cytokines (units/ml)
nic compounds tration IFN- TNF
ug/ml
1. TTPs - 10 100 <9
TTPs - 5 10 <9
TTPs Comp. (1) 10+20 300 27
TTPs Comp. (1) 5+20 100 27
TTPs Comp. (2) 10+20 300 50
TTPs Comp. (2) 5+20 100 9
PHA . - 10 100 <9
none Comp. (1) 20 200 9
none Comp. (2) 20 100 27
none Co- - 10 <9
2. TTP II - 50 10 . <9
TTP II - 5 10 <9
TP II Comp. (3) 50+10 30 27
TTP IT Comp. (3) 10+10 30 27
PHA - - 30 <9
none Comp. (3) 10 10 <9
none - - 10 <9
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coats were stored for 20 hrs at 4°C before the preparation
of the cultures. The séleno-organic compounds are inducers
of the cytokines as well as TTP.

Example 7: A diagnostic test reflecting the effect of
administration of TTP orally in daily doses of 5 mg in the
form of commercially available tablets on PBL in vitro
culture response to an additional dose of TTP induction of
cytokines was performed according to the particulars given
below:

The test was performed with 4 healthy female volunteers, age
43~-58, who donated 20 ml venous blood taken from v.ulnaris
weekly, before, during and after the administration of TTP
at a daily dose of 5 mg in tablets. Two different regimen of
administration have been performed. Two of the volunteers
(referred to further as B.K. and J.Z.J.) were subjected to a
treatment with TTP consisting of three seven-day cycles: the
drug was administered per os, one 5 mg tablet daily for one
week with a seven day rest followed by a seven-day period of
TTP oral administration. The total dosage was 21 tablets.
The other two volunteers (referred to further as A.D.I. and
W.F.) were treated with one 5 mg TTP tablet daily
adninistered per os continuously for three weeks. The total
dosage was also 21 tablets. After two weeks of rest, the
treatment was repeated. '

The 5 mg. TTP tablets used were a standard commercial
product of TORF CORPORATION Pharmaceutical Factory of
Wroclaw, Poland. Each tablet contained 5 mg TTP, 43 mg
Lactose and 2 mg MYVATEX. To induce cytokines in PBL in
vitro cultures, powdered TTP as a pure substance was used in
form of a stock solution containing 20 mg TTP/ml of pyrogen
free redistilled water stored at 4°C.

ordi ng

ut 1 -

g



- preferably sterile filtered and endotoxin tested - RPM- 1640 nedi um or

EMEM (Eagl e’ s M ni mum Essential Medium, plus 10% of non- m togenic—fetal—
"bovine serum (FBS), and optionally further ingredients.

: t hod
according to any one of the preceding clains, charact Hhs o5 ga Raplaged
results obtained are eval uated against a positive andja F ﬁl | .
10 6. Method according to any-one of_tfe preceding cla I zed

in that peat extracts or fractions thereof are tested. 7. Method according
to claim®6, characterized in that a 15 said peat extract is TTP. 8. '

Nethod accor dlng 0 Sy ONE oL, L. PEeedh it LAl Vert RLBRL BRI 488 11 that
with Heparin POLFA solution without preservatives at a final
concentration of 10 units/ml and treated as described
earlier to prepare a PBL in vitro culture, which was then

5 treated with cytokine inducers PHA, LPS and TTP in a manner
described in the preceding examples. 200 ul cultures were
used in each treatment. The supernatants were stored at 4°C
and assayed for IFN.within one week, and stored at -20°C and
assayed, respectively for TNF to avoid inactivation due to

10 spontaneous proteolysis. )

IFN and TNF were assayed in the same manner as described
above. The results obtained are presented on the
accompanying drawings Figs.8-13 (response of PBL cultures of

15 different patients to IFN inducers and to TNF inducers
during the oral administration of TTP).

As may be seen from the data presented on Figs.8 and 9
showing the IFN response of the first group of volunteers

20 during administration cycle, the response declined and
returned to the initial value after two weeks rest. In
contrast, TNF response shown on Figs.10 and 11 increased
during administration of TTP and returned to the normal
level after two weeks rest.

25
Data shown on Figs.12 and 13 reflecting the response to the
cytokine induction in the other way of administration of
volunteer A.D.I. prove that the hyporeactivity state to IFN
induction is reached after 3 weeks of continuous

30 administration of TTP orally. The hyporeactivity state shown
as loss of ability of PBL cultures to respond to the
induction of IFN with TTP solution disappears after’two
weeks of rest. In contrast, during three weeks of TTP
administration, the hyporeactivity to TNF induction did not

35 develop (Fig.12).

The above results indicate that the optimum dose of
immunomodulator being a cytokine inducer can be established



scal e nethod, anplification of the results is achieved by 20 adm xing to
the solution to be tested an i mmunonodul ati ng agent _sel ected fromthe group

consi sting of non-steroidal anti-inflammtory and prostagl andi n-synt hesi s
i nhi biting drugs, organosel eni um conmpounds, isothi‘azol e derivatives, and
anal ogues, honol ogues and netabolites thereof. 25 9. Method according :to
claim8, characterized in that said agejt for anplifi cation is selected
fromthe group con- sisting of

Bi s-[ 2-( N- phenyl car boxam do) ] - phenyl di sel eni de

2- Ph I VAR
Bi s- ng(N-( n%?.%&ﬁ??fg %(géﬁ%{@pﬁggyﬁdl se en| Iﬁ %l ggo%%eny am de of

3- met hyl - 5- FECRSPHAM FO- FROIBTEAIte LNYCREI DRy | i C aC| d and i ndorret haci n.
10. Method for m)nltorl ng the i munol ogi cal response of a 35 patient to a
t herapy using a cytokine inducing substance, characterized in that a)

cul tures of peripheral blood | eukocytes (PBL)




obt'ai ned from bl ood sanples thattare taken fromsaid
defined tine ared with a nutrient_nedi
‘tissue cultu REP ;rtures are treated mnth a

substance injo €] pf oduction of 5
interferon apdjtu

5 factor; and c) said c
det erm ned agc rdﬁ&ﬁﬁﬁ%nm d met hQ_ng3 i_n order t& as
and di sappeafance.of 10 hyporeactivity of said PBL-

interferon induction. 11. Methed according to claim 10,
that said tine—tntervals—are veekly inpepygls.

14

- 35 - patient in
um sui table for
e i nduci ng
pre any
My
cultured to
characterized in

' 1. Method for testing bio-active, cytokine inducing
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immunomodulator substances by determining their immuno-
logical activity, characterized in that

a) a cell culture, comprising human peripheral blood
leukocytes'(PBL) obtained from donors that are not
hyporeactive.to interferon (IFN) induction, is
prepared with a nutrient medium suitable for tissue
culture; or

b) a suspension of fresh resident peritoneal cells (RPC)
obtained from - preferably 5 to 8 weeks old - healthy
"virgin" BALB/c mice that are not immunologically
stimulated or that do not show very high spontaneous
cytokine production, is prepared with a suitable
medium; and '

¢) non-hyporeactiveness under a) or lack of immuno-
logical stimulation or lack of very high spontaneous
cytokine production under b) is ensured by positive
and negative control; whereupon

d) the cell culture under a) or the cell suspension
under b) is treated with a solution of the substance
to be tested in order to induce the production of
cytokines which then are determined according to
standard identifiqation methods. -

2. Method according to claim 1, characterized in that the

solution to be tested is used in a concentration of 0,1 -
200 ug/ml.

3. Method according to Claim 1, characterized in that in
case of the PBL variant the cell density of the reéay—for—
use culture is approximately 8 x 106 leukocytes/ml, and in
case of the RPC variant the cell density is about 1 - 2 x
106 cells/ml.

4. Method according to any one of the preceding claims,

characterized in that the nutrient medium is prepared with




Im10 or 11, characterized in that it is
P rigpy - usi ng a cytoki ne i nducing
i mmunonodul at o bstance, prdf

rably peat eXtraCLNQL“g‘LLQF%QESEQEEreOf'
20 13. Met hod cor,di \ inp 12, characterizéd in that ext.ract
is TTP. 14. Usg bf Engngg@rre hpbd ‘as cl ai ned maﬁ"m”m

15—Eenpositl och for_ cgrrying ot ﬂ# Lding to

15 12.  Meth

applied i n t he REPUASENGE

—

precedi ng cl ai b
any one of claflms 1 to 13, charafterizéeéd in that! it cént&ins, on e hand,
a PBL culture ér—a—RPT suspension 30 as defined in claim1, and, on the

ot her hand, a non. steroidal anti-Lnflagmator d_prostagl andif.synt hesi s
Phi bi ting’ druf SECARPET TS fidterrd i sdteamn st re rig AT ai m 15,
characteri zed 640 8sdiwhaer EHRY Hipiilei erMinimm EssentiadnMediumroup

consi sting Ofplus 10% of non-mitogenic fetal bovine serum (FBS), and

optionally further ingredients.

5. Method according to any one of the preceding claims,
characterized in that the results obtained are evaluated
against a positive-.and a negative control.

10 6. Method according to any one of the preceding claims,
characterized in that peat extracts or fractions thereof
are tested.

7. Method according to claim 6, characterized in that a
15 said peat extract is TTP.

8. Method according to any one of the preceding claims,
characterized in that for rendering said method a micro-
scale method, amplification of the results is achieved by

20 admixing to the solution to be tested an immunomodulating
agent selected from the group consisting of non-steroidal
anti-inflammatory and prostaglandin-synthesis inhibiting
drugs, organoselenium compounds, isothiazole derivatives,

" and analogues, homologues and metabolites thereof.

25 '

9. Method according to claim 8, characterized in that said
agent for amplification is selected from the group con-
sisting of Bis-~[2-(N-phenylcarboxamido)]-phenyldiselenide,
2-Phenyl-1,2-benzisoselenazol-3(2H)-one (=Ebselen PZ 51),

30 Bis~-[2- (N~ (2-pyridyl)carboxamido) } -phenyldiselenide,
p-chlorophenylamide of 3-methyl-5-benzoylamino-isothiazole-
4-carboxylic acid, and indomethacin. ’

10. Method for monitoring the immunological response of a
35 patient to a therapy using a cytokine inducing substance,
characterized in that
a) cultures of peripheral blood leukocytes (PBL)

obtained from blood samples that are taken from said
e

L—~__‘f‘f‘ff———~——e—



a‘sel eno- REEEA@EMQE@ET n i sothi azol e deri vative—indomethaci n and

e s |1 D

- 35 -

patient in defined time intervals are prepared with a
nutrient medium suitable for tissue culture;
~b) said PBL cultures are treated with a cytokine -
inducing substance in order to induce production of
5 cytokines, preferably interferon and tumor necrosis
factor; and
c) said cytokines are then determined according to
standard methods,
in order to assess development and disappearance of
10 hyporeactivity of said PBL-cultures to interferon
induction.

11. Method according to claim 10, characterized in that
said time intervals are weekly intervals.

15
12. Method according to Claim 10 or 11, characterized in
that it is applied in the course of a therapy using a
cytokine inducing immunomodulator substance, preferably
peat extract or a fraction thereof. |

20 '

13. Method according to Claim 12, characterized in that the
peat extract is TTP.

14. Use of TTP in a method as claimed in any one of the
25 preceding claims.

15. Composition for carrying out the method according to
any one of claims 1 to 13, characterized in that it
contains, on one hand, a PBL culture or a RPC suspension

30 as defined in claim 1, and, on the other hand, a non-
- steroidal anti-inflammatory and prostaglandin-synthesis
inhibiting drug as an amplifier. i

16. The composition according to claim 15, characterized in
35 that said amplifier is selected from the group consisting of
a seleno-organic compound, an isothiazole derivative,
indomethacin and analogues, homologues and’E§E§99;25g§_g£,____.
such substances. .




