BICLOGICALLY ACTIVE PEPTIDES
Description

FIELD OF INVENTION

[0001] The present invention is related to the field of immunology. In particular, the present invention is directed to
peptides and their pharmaceutical compositions which are capable of modulating an immune responses.

BACKGROUND OF INVENTION

[0002] Peptides are known in the ari for freatment of diseases and as pharmaceutical compositions. For example, US
Patent No.8,181,113 1o discloses a peptide that has inhibitory activity for the growth of smooth muscle cells and is
therefore useful for preventing and treating patholegical conditions associated with growth of smooth muscle cells such
as arteriosclerosis, restenosis after angioplasty, luminal stenosis after grafting blood vessel and smooth muscle sarcoma.
US 6,184,208 discloses another peptide that is found {o modulate physiological processes such as weight gain activity
of the epithelial growth zone and hair growih.

[0003] Karelin c.s (Peptides, VOL. 16, N°4, 633-697, 1995} discloses the alpha-hemoglobin fragments (33-38) and
(33-46) havingrespectively immunomodulating and ACTH releasing activity, US5861483 discloses the alpha-hemogiobin

fragment (1-87) having immunomodulating activity.

SUMMARY OF INVENTION

[G004] ltis therefore an object of the present invention to identify biologically active polypeptides. Many peptides were
synthesized by standard chemical methods and screened for their biological activity. The pepiides are given codes
having the letters CMS followed by a number. A total of 30 peplides have been identified as having in vivo biological
activities. The sequences and the correspending |10 numbers of these hiologically active peptides are shown in Table A.

Table A
Sequence Listing ID No. | Peptide Name Peptide Sequence
1 CM3001 Pro Thr Thr Lys Thr Tyr Phe Pro His Phe
2 CMS002 Val Val Tyr Pro Trp Thr GIn Arg Phe
3 CMS008 Lys Ala Val Gly His Leu Asp Asp Leu Pro Gly Ala Leu
4 CMS010 Val Ala Pro Glu Glu His Pro Thr Leu Leu Thr Glu Ala Pro Leu Asn
Prolys
5 CMS012 Leu Gly Met Glu Ala Cys Gly lle His Glu Thr Thr Tyr
6 CMS013 Leu Arg Vai Ala Pro Glu Glu His Pro Val Leu
7 CMS014 Ala Ala His His Pro Asp Asp Phe Asn Pro Ser Val
8 CMS015 Pro Ser lle Val Gly Arg Pro Arg His GIn Gly Vai Met
8 CMsS018 lle Gly Met Glu Ser Ala Gly e His Glu Thr Thr Tyr
10 CMsS018 Val Gly Met Gly Glu Lys Asp Ser Tyr ’
11 CMS018 Val Gly Met Giy Gin Lys Asp Ser Tyr
12 CMS020 Val Gly Met Gly Gin Lys Asp Ser Tyr Val
13 CMS021 Met Ala Thr Ala Ala Ser Ser Ser Ser Leu
14 cms022 Tyr Ser Phe
15 cmMs023 Ala Ala Phe
16 CnMS024 Tyr Ser Leu
17 CMS026 Thr Thr Tyr Asn Ser lle Met
18 cMmS027 Phe Glu Glu Asn Met
19 cmMS028 Phe Glu Pro Ser Phe




{continued)

Sequence Listing ID No. | Peptide Name Peptide Sequence
20 CMS029 Phe Asn Glu Glu
21 CMS030 Phe Glu Glu Met
22 CMS032 Phe Glu Glu Glu
23 CMS033 Phe Glu Ser Phe
24 CMS034 Pro Glu Asn Phe
25 CMS035 Phe Val Asn Asp
26 CMS038 - | Phe Gln Pro Ser Phe
27 CMS003 Phe Asn Phe Val Pro Pro
28 CMS007 Ala Gly Asp Asp Ala Pro Arg Ala Val Phe
29 CMS009 Leu Arg Val Ala Pro Glu Glu His Pro Thr Leu
30 CMS011 Arg Val Ala Pro Glu Glu His Pro Thr Leu

[0005] Accordingly, one aspect of the present invention relates to a substantially pure peptide having a sequence
identified as sequence ID No.1. Thus the present invention relates {o a substantially pure peplide consisfing of an aming
acid sequence of SEQ ID NO 1. In a specific embodiment, the peptide can modulate, but not limited to modulating, one
or more of the following : Immune activity; hepatitis infection, including but not limited to hepatitis B infection; nephritis;
the growth of a cancer, including but not limited to sarcoma, liver cancer, leukemia and melanoma; and body weight.
[0006] Yetanother aspect of the present invention relates to a pharmaceutical composition comprising a substantially
pure peptide consisting of an amino acid sequence of SEQ |D NO 1.

[0007] Yet a further aspect of the present invention relates fo a method of making a pharmaceutical composition
comprising providing a substantially pure peptide consisting of an amino acid sequence of SEQ 1B NO 1; and mixing
said substantially pure peptide with a pharmaceutfically acceptable carrier.

[0008] Ina still further aspect the invention provides a substantiaily pure peptide consisting of the amino acid sequence
of SEQ ID NO. 1 for use in therapy.

[0009] The invenlion also provides for use of a substantially pure peptide consisting of the amino acid sequence of
SEQ ID NQ. 1 for the manufacture of a medicament for modulating immune activities, viral hepatitis or the growth of a
cancer,

[6010] Similarly, the invention provides a substantially pure peptide consisting of the amino acid sequence of SEQ ID
NO. 1 for use in modulating immune activities, viral hepatitis or the growth of a cancer.

DETAILED BESCRIPTION

[0011] The peptides can be readily synthesized by standard synthetic methods from L-amino acids, but may also be
synthesized by genetic engineering methods using nucleic acids that have sequences encoding the individual peptides.

1. Biological Activity

[6012] In order to investigate the possible biclogical activity of peptides, the immunological effect of the peplides on
animal model was examined, with procedures compliantto the "Principles of Pre-clinical Research of New Drugs” issued
by Ministry of Health of People's Republic of China (1),

[0013] The T lymphocyte transformation test, NK cell cytotoxicity activity test, and the T lymphocyle IL-2 and IFN-y
secrstion test were used to detect any possible effect of peptides on specific cellular immune function. The carbon
particle clearance test was used to detect any possible effect of peptides on non-specific cellular immune function. The
Sheep Red Blood Cell (SRBC) hemolysis fest was used fo detect any possible effect of peptides on humoral immune
function. The immunity organ weight test was used to detact any possible effect of peptides at the organ level.

{00614] In this study, the saline group was used as negative confrol, while the IL-2 and IFN-y groups were used as
positive controls, since IL-2 and IFN-y are well-studied immunostimulants [0, Four arbitrary concentrations of sample
peptides were used in this study, to cover a 1000 fold dosage range. Due tothe intrinsic complexity of in vivo immunological
response, and the lack of prior knowledge on the dosage versus response function, therefore any statistically significant
difference over the negative control in any of the dosage groups has been scored as pasitive biclogical activity.
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[0015] Resuits of this study were as follows:

1. Peptides CMS001, CMS002, CMS003, CMS007, CMS008, CMS008, CMS010, CMS011, CMS012, CMS015,
CMS019, CMS021, CMS029, and CMS034 were found to be able to enhance T lymphocyte trangformation, having
stafistically significant difference from the saline normal contro! group. Peptides CMS014 and CMS036 were also
found to be able to inhibit T lymphocyte transformation, having statistically significant difference from the saline

normal controf group.

2. Peptides CMS001, CMS002, CMS003, CMS008, CMS009, CMSO10, CMS011, CMS012, CMS013, CMS015,
CMS016, CMS020, CMS021, CMS022, CMS023, CMS024, CMS026, CMS027, CMS028, CMS029, CMS030,
CMS032, CMS033, CMS034, CMS035, and CMS036 were found to be able to increase the cytotoxic activity of NK
cells, having statistically significant difference from the saline normal control group. Peptides CMS008 and CMS012,
at suitable concentration, were also found to be able to decrease the cytotoxic activity of NK cells, having statistically

significant difference from the saline normal control group.

3. Peptides CMS001, CMS003, CMS007, CMS009, CMS010, CMS011, CMS012, CMS015, CMS020, CMS022,
and CMS034 were found to be able to enhance the secrefion of interteukin-2 (IL-2) by T lymphocytes, having
statistically significant difference from the saline normal control group,

4. Peptides CMS001, CMS003, CMS009, CMS010, CMS011, CMS012, CMS013, CMS016, CMS021, CMS022,
and CMS028 were found to be able to enhance the secretion of IFN by T lymphocytes, having statistically significant

difference form the saline normal control group.

5, Peptides CMS001, CMS002, CMS003, CMS007, CMS008, CMS008, CMS010, CMS011, CMS012, CMS013,
CMS014, CMS015, CMS016, CMS018, CMS01¢, CMS020, CMS021, CM8022, CMS023, CMS024, CMS0286,
CMS027, CMS028, CMS028, CMS030, CMS032, CMS033, CMS034, CMS035, and CMS036 were found to be
able to enhance {he synthesis of anti-SRBC antibody upon the antigenic challenge, having statistically significant
difference from the saline normal control group. Peptides CMS002, CMS003, CMS009, CMS010, CMS011, CMS013,
CMS014, CM8015, CMS018, CMS019, CMS020, CMS026, CMS028, CMS029, CMS030, CMS5034, and CMS038,
at suitable concentration, were alsa found lo be able to inhibit the synthesis of anti-SRBC antibody upon the antigenic
challenge, having statistically significant difference from the saline normal control group.

6. Peplides CMS003, CMS008, CMS009, CMS010, CMS011, CMS013, CMS0 16, CMS018, CMS019, CMS020,
CMS022, CMS024, CMS027, CMS030, CMS035, CMS036 were found to be able to enhance the phagocytotic
achivity of mononuclear phagocyte, having statistic significant difference from the saline normal control group.

7. Peptides CMS001, CMS002, CMS008, CMS010, CMS012, CMS013, CMS014, CMS015, CMS016, CMS018,
CMS019, CMS020, CMS021, CMS022, CMS023, CMS024, CMS026, CMS027, CMS028, CMS028, CMS030,

CMS032, CMS033, CMS034, CMS035, and CM3036 were found to be able to increase the weight of the thymus

gland, having statistically significant difference from the saline normal control group.

8. Peptides CMS019, CMS020, and CMS030 were found to be able to increase the weight of the spleen, having
statistically significant difference from the saline normal control group. Peptides CMS001, CMS003, CMS007,
CMS008, CMS009, CMS010, CMS011, CMS013, CM3014, CMSD15, CMS021, CMS023, CMS024, CMS027,
CMS029, and CMS036, at suitable concentration, were also found to be able to decrease the weight of the spleen,
having statistically significant difference from the saline normal control group.

The materials and methods used to analyse the effect of the peplides on mouse are described below.

Materials

1. Experimental Animal

[0016] BALB/c Mice, 18-22g weight, 50% female and 50% male, provided by Experimental Animal Center, National
Institute of Medical Science, PR China.

2. Administration

[0017)
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recombinant mouse IFN-y (rmIFN-y) group: 3xX1051U/kg/day
recombinant human IL (rhiL)-2 group: 3% 1051U/kg/day
Saline group: 0.5mil/each/day

peptide dose | group: 500p.g/ka/day

peptide dose || group: 50ug/kg/day

peptide dose Ill group: Spglkg/day

peptide dose |V group: 0.5pglkg/day

[0018] The ahove substances were all dissolved in 0.5ml saline and injected infraperitoneal {i.p.) for 15 continuous
days, once per day.

3. Main Reagents

[0019]

The peptides were custom manufactured by American Peplide Company, Inc., USA

Fetal bovine serum, and RPMI-1640 cell culture medium, Gibco, USA’

MTT, and ConA, Sigma, USA

rmiFN-y, Beijing Biotech Inc., China

rhlL-2, Shanghaf Huaxin Biotech Ing., China

Lymphocyte separation solution, Research Institute of Hematologic Disease, National Institute of Medical Science,
PR China

Vesicular Stomatitis Virus (VSV), IFN-y and IL-2 standard sample, National Institute For The Control Of Pharma-

ceutical And Biological Products, PR China
HT-2 cell and L9829 cell, gift from Prof WF Chen of Beijing University Department of Immunoclogy, PR China

Method
1. The effect of peptides on cellular immunity

1.1 Preparation of spleen cell suspension {1.2]

[0020] The BALB/c mice were randomly divided into the peptide, IFN, IL-2, and saline groups. Ten mice per group.
The day after the last test substance administration, the mice were sacrificed by cervical dislocation. The spleen was
isolated aseptically and manually dispersed in cold D-Hank's solution using an Injection needle. The dispersed cell
suspension was further sieved through a 100 gauge 150.m diameter stainless steel sieve, After centrifugation at 200g
for 10 minutes, the supernatant was discarded. The cell pellet was re-suspended in 10 volume of Tris-NH4Cl buffer and
then kept standing still for 10 minutes at room temperature. The suspended cells were collected by centrifugation at
150g for 10 minutes. The cells were washed 2-4 times with cold D-Hank's solution by re-suspending and collecting by
centrifugation with condition as described above. The washed cells were then diluted to the desired cell densities by

RPMI-1640 cuiture medium, confaining 10% fetal bovine serum.
1.2 The effect of peptides on T lymphocyte transformation(!.2)

[0021] Spleen cells of density 1x105/ml were placed onto a 96 wells cell culture plate, 100pliwel, three parailel wells
each of the assay sample and contral sample per mouse. To the assay wells, 100pl/well ConA of 100pg/ml in RPMI-
1640 was added, and 100u.l/well plain RPMI~1640 was used for the controls. The cells were incubated for 86 his at
37°C, 5% CO,. The cells were then pelleted by cenfrifugation at 160g for 10 minutes. The supernatant was collected

and stored at -20°C for cytokines IL-2 and IFN determination.

[0022] SOpliwell MTT of Tmg/mi in RPMI-1640 was added to the cell pellet and the cells re-suspended by shaking for
2 minutes. The incubation was continued for 4 hours, The supernatant was discarded after centrifugation at 150g for 10
minutes. 120 40mM HCI-2-propanol was added to the cell pellet and shaken for 3 minutes. to obtain ODgyonm of each
well referenced at 630nm. An ELISA reader was used

Calculation:

[0023] Each mouse formed three assay wells and three contral wells. The Stimulation Index (S1) of each mouse was
obtained by first deriving the average OD of the three parallel wells, then dividing the value of the assay wells by the
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control wells.

1.3 The effect of peptides on NK cell activityl3 4]

[0024] Mice spleen cells were prepared to 4x108/ml as described in section 1.1 above. Target cells YAC-1 were
brought to log phase and adjusted fo 1x105/ml, Using a 96 wells cell culture plate, 100 mouse spleen cells and 100ul
culture medium were added to the control well containing only the spleen cells; 100ul target celis and 100pl culture
medium were added to the control well containing only target cells; 100p! mouse spleen cells and 100p target cells
were added to the NK activity assay well. Three parallel sets of the above were prepared per mouse.

[0025] Samples were centrifuged at 150g for 10 minutes to collect the cells. The supernatant was discarded and S0pY/
well MTT of 1mg/ml was added. The reaction mixiure was then shaken for 2 minutes, and incubated at 37°C, 5% CO,
for 4 hours. The supernatant was discarded after centrifugation at 150g for 10 minutes. 120 ul 40mM HCI-2-propancl
was added and shaken for 3 minutes. An ELISA reader was used o obtain ODgzg,m of each weil referenced at 630nm,

Calculation:

[0026] Each mouse has 9 wells: three spleen cells only control, three target cells only control, and three assay wells
with both spleen and target cells. The NK cell activity index of each mouse was obfained by first deriving the average
OD of the three parallel wells of each combination, then applying this average OD fo the following formula:

NK cell activity index = [l-(average OD of spleen and target cell well —
average OD of spleen cell only well) + (average OD of target cell only well)]

x 100%

1.4 The effect of peptides on the activity T lymphocyte in-secreting IL.-2(5)

[0027] HT-2 cells at log phase were collected by centrifugation at 150g for 10 minutes, and washed three times with
cold Hank's solution by re-suspension and centrifugation. The collected HT-2 cells were re-suspended in RPMI-1640
and incubated at 37°C, 5% CO, for 30 minutes. The cells were further washed twice with RPMI-1640 by re-suspension
and centrifugation, and re-suspended to final concentration of 2x105/mi with RPMI-1640.

[0028] The supernatant obfained in section 1.2 were diluted to the followmg percentage with RPMI-1640: 100%, 50%,

25%, 12.5%, 6.25%, and 3.125%.
[0029] riL-2 was diluted to the following concentration with RPMI-1640: 5001Ufml, 2501U/mi, 1251U/ml, 62 5tU/m,

31.251U/ml, and 15.81U/mi.
[0030] A 96 well cell culture plale was set up with three parallel wells per combination:

Negative control; 100p) RPMI-1640 + 100! HT-2 cell suspension
rlL-2 standard: 100l riL-2 solution + 100l HT-2 cell suspension
Assay well: 100pl diluled supernatant + 1004 HT-2 cell suspension

[0031] The plate was incubaled at 37°C, 8% CO, for 68 hours, then centrifuged at 150g for 15 minutes and the
supernatant removed. 100pl 0.5mg/mi MTT in RPMI-1640 without phenolsulfonphthalein was added info each well.
After shaking for 3-4 minutes to re-suspend the cells, continue fo incubate for another 4 hours. Samples were then
centrifuged at 150g for 15 minutes and the supernatant was removed. To each well, 120p! 40mM HCI-2-propanol was
added, mixed for 3-4 minutes and OD analyzed at 570nm, referenced af 630nm with an ELISA plate reader,

Calculation:

[0032] The average OD of the three parallel wells of each dilution was taken and plotted against concentration on a
semi-log paper, concentration on the X-axis. The concentration at 50% OD saluration was obtained for both the testing

supernatant and ril.-2.



Sample IL-2 activity = (sample dilution at 50% maximum action + rIL-2
standard dilution at 50% maximum action) x activity of riL-2 standard at 50%
maximum action (IU/ml)

1.5 The effect of peptides on the activity of T lymphocyte in secreting interferon (IFN)®!

[0033] The supernatant from the section 1.2 was diluted with RPMI-1640 culture medium to the following percentages:
100%, 50%, 25%, 12.5%, 6.25%, and 3.125%. ‘

[0034] The recambinant interferon (rIFN) standard was diluted with RPMI-1640 1o the following concentrations:
5001U/ml, 2501U/ml, 1251U/mi, 62.51Ufmi, 31.251U/mi, and 15.51U/ml.

[0035] Target cells L929 at log phase were adjusted to 2x10%ml with RPMI-1640, with treatrment same as the HT-2
cell described in section 1.4. Stock VSV was also adjusted to 100 TCIDg, with RPMI-1640.

[0036] The following on a 96 well culture plate was set up, three parallel wells per combination:

Negative confrol well: 150ul RPMI-1640 + 100! L929

Positive control weil: 100p] RPMI-1640 + 100p] L9298 + 50! VSV
rIFN activity well: 100pd FIFN standard + 100l L929 + 50pi VSV
assay well: 100pl diluted supernatant + 100p] L929 + 50u] VSV

{0037] Samples were incubated at 37°C, 5% CO,, for 24 hours. The positive conirol wells were abserved periodically
under inverted microscope to confirm cell lysis, then collected, washed, and OD of all wells was read same as described

in section 1.4.

Calculation:

[0038] Concentrations at 50% maximum action were obtained same way as section 1.4. Galculate IFN activity of
sample as following:

Sample IFN activity = (sample dilution at 50% maximum action + rIFN
standard dilution at 50% maximum action) x standard rIFN activity at that 50%
maximum action {IJ/ml) . .

2. The effect of peplides on antibody formation(?)

[0039] Sheep red blood cells (SRBC) were prepared by collecting biood from cervical vein and put into a sterile flask
with glass beads. The flask was shaken for 3 minutes and the blood then mixed with Alsever solution (glucose 2.05g,
NaCl 0.4g, Na lemonade 0.8g, adjust to 100mi with distilled water) and stored at 4°C. Immediately before use, samples
were centrifuged at 130g, 5 minutes fo collect the SRBC. The cells were washed two times by re-suspension and
cenirifugation in normal saline. Then the cell pellet was collected by centrifugation at 180g for 10 minutes and re-
suspended in saline fo make the final working SRBC suspension, 2% {v/v).

[0040} Complement was prepared by adding 10 volumes of fresh Cavy serum into one valume centrifuge packed
SRBC, and then gently shaking for 30 minutes at 4°C. The SRBC was removed by centrifugation at 200g for 10 minutes.
10 volumes of normal saline were added to obtain the working complement solution,

[0041] The BALB/c mice were randomly divided info the peptide group, IFN group, iL-2 group, and saline group, 10
mice per group. The lest substances were administered as described in section 1.1, plus intraperitoneal injection 0.2m!
SRBC per mouse on day 12. On the day after the last test substance administration (day 16}, blood was collected from
the eye canthus and left-at room temperature for one hour for serum exudation. After centrifugation at 200g for 10
minutes, the serum was diluted by 500 times with normal saline.

[0042] To tmldiluted mouse serum of each mouse, 0.5ml SRBC suspension was added. Ice cold. Then 1ml working
complement solution was added and incubated at 37°C water bath for 10 minutes. Reactions were terminated by ice
cold, Samples were then centrifuged at 200g for 10 minutes to obtain the supernatant,

[0043] To 1ml of this supernatant, 3ml Drabkin solution was added and left at room temperature for 10 minutes.

ODsgagnm Was obtained,



Calculation:

[0044] Reference ODsugn, Was obtained by mixing 0.25ml SRBC suspension with Drabkin solution to 4ml and placed
at room temperature for 10 minutes before ODgggn, was taken, :

Sample serum index = {ODs40nm of fest sample + reference ODsqpnm) x 500

3. The effect of peptides on the phagocytosis function of mononuclear phagocyte and the weight of immune organ(8.9],

[0045] On the next day after the last test substance administration (day 16), the mice were injected with 0.1mifkg body

weight India ink (5 times dilution with normal saline) from the tail vein.
[0046] One minute and five minutes after Indian ink injection, 20p1 blood was obtained from the eye canthus with a

heparinized tubing. The blood was mixed with 2m! 0.1% wiv Na,CO5 and then ODggg,p, Obtained. The outline clear
index K was calculated by the following formula:

K=(gAi=lgA)+ (2 —-tl)

Key:

A1: OD680nm at first minute

A2: OD680nm at fifth minute
" 12: 5 minutes

12: 1 minute

[0047] One day after the last test substance administration (day 16), the liver, spleen, and thymus gland were separated
and blotted dry with filter paper and welghed. The phagocylosis index ¢ was calculated as below:

o= (v KYW + Wis)

key:
W: body weight
Wy 4! weight of liver plus spleen

Thymus gland index (%) = (thymus weight / body weight) x 100%
Spleen index (%) = (spleen weight / body weight) x 100%

Resulis

[0048] Due to the large quantity of raw data involved, only the compiled end result are presented. The groups without
statistically significant difference from the saline negative control are also omilted.

1. The effect of peptides on T lymphocyte transformation

[0049] AL500pglkg/day, CMS002, CMS007, CMS008, CMS010, CMS012, CMS015, CMS019, CMS021, and CMS029
were found to be able to enhance T lymphocyte transformiation, having statistically significant difference from the saline
group (P<0.05). Among these peptides, CMS010 and CMS015 were found to have statistically significant difference

from the IFN-y group and [L-2 group (P<0.05) as shown in Table 1 below.

Table 1
Group N XxSD(stimulation index}
CMS002 8 1.8+0.3"
CMS007 9 16%0.1*




(continued)
Group N Xx8D(stimulationindex)
9

CMS008 1.7£0.1%
CMS009 10 1.7+0.2*
CMS010 9 2.0x0.3"@»
CMs012 9 1.6+0.2*
CMS015 g 1.9+0.3*@n
CMS019 9 1.8£0.3*
CMS021 10 1.6=0.1*
CMB029 9 1.7+0.3*
[FN-y 10 1.6+£0.2*
IL-2 10 1.7+0.2"
Saline 10 13201

* comparing to sallne group P<0.05
@ comparing to IFN-y group P<0.05
A comparing to IL-2 group P<0.05

[0050] At 50pg/kgrday, CMSC01, CMS002 and CMS003 were found to be able to stimulate T lymphocyte transfor-
mation, having statistically significant difference from saline group, IFN-y group, and IL-2 group {P<0.05). CMS014 and
CMB036 were found to be able to inhibit T lymphocyie transformation, having statistical significant difference from saline
group {P<0.05). Data detailed in Table 2 below.

Table 2

Group N X=SD {stimulation index)
CMS001 10 2.2+0.5"@n
CMs002 10 2.6x0,3*@~
CMS003 8 2.2+0.5@n
CMS014 9 1.0x0.1*
CMS036 9 1.0x0,1*

IFN-y 9 1.7x0.2*

IL-2 10 1.8x0.2%
Saline 10 1.3+0.1

* comparing to saline group P<0.05
@ comparing to IFN-y group P<0.05
A comparing to IL-2 group P<0.05

[0051] At Sug/kg/day, CMS001, CMSC03, CMS007, and CMS034 were found to be able to stimulaie T lymphocyte
transformation, having statistically significant difference from the saline group (P<0.05) as shown in Table 3.

Table 3
Group N X+3D (stimulation index)

CMS001 10 1.7+0.2*
CMS003 10 1.6+0.2*
CMS007 B8 1.720.1*
CMS034 9 1.5%0.2*
[FN-y 10 1.640.2*

-2 9 1.6x0.1*
Saline 10 1.3%0.1
*comparing fo saline group P<0.05

[0052] At 0.5ng/kg/day, CMS008, CMS010, and CMS011 were found to be able to stimulate T lymphocyte transfor-
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ration, having statistically significant difference frorn the saline group (P<0.05) as shown in Table 4.

Table 4
Group N X+3D {stimulation index)

CMSs008 10 1.720.3"
CMS010 9 1.7:+0.3*
CMs8011 10 1.6x0.4*
IFN-v 10 1.6+0.2*
-2 10 1.8x£0.1"
Saline 10 1.3=0.1

* comparing to saline group P<0.05

2. The effect of peptide on NK cell cytotoxic activity

[0053] At 500pg/kg/day, CMS010, CMS013, CMS016, CMS023, CMS024, CMS026, CMS027, CMS028, CMS029,
CMS030, CMS032, CMS033, CMS034, CMS035, and CMS036 were found to be able to Increase NK cell cytoloxic
activity, with statistically significant difference from the saline group (P<0.05). Among these peptides, CMS010, CMS016,
and CMS030 were found to have statistically significant difference from the IFN-y group and |L-2 group (P<0.05) as

shown In Table 5.

Table 5
Group N XxS8D (%)

CMS010 9 91=4*@n
CMS013 8 849"
cMS3016 9 91x7*@n
CMS023 10 789x12"
CMS024 10 898"
CMS0268 10  89x7*
CcMs027 10 888"
cMs028 10 90x5*
CMS029 10 874"
CMS030 10 9{x5*@»
CMS032 10 875"
CMS033 9 898"
CMS034 11 85+9*
CMS035 8 90+£10*
CMS036 10 887~
IFN-y 10 77+8*
iL-2 10 77+8*
Saline 8 63 =9

* comparing to saline group
P<0.05
@ comparing to IFN-y group
P<0.05
A comparing to IL-2 group
P<0.05

[0054] At 50pg/kg/day, CMS001, CMS003, CMS015, CMS021, CMS026, and CMS035 were found to be able to
increase NK cell cytotoxic activity, having statistically significant difference from the saline group (F<0.05). Among these
peptides, CMS021 was found to have statistically. significant difference from the IFN-y group and IL-2 group (P<0.05).
CMS012 was found to be able to inhibit NIK cell cytotoxic activity, having statistically significant difference from the saline
group (P<0.05). Data detailed in Table 6 below.



Table 6
Group N X80 (%)

Cmsoo1 10  85x10*
cMs003 10  85x6*
cMso12 9 409"
CMS015 8 78+8*
CMS021 8 8gxi2'@n
CMS026 10 76x£9*
CMS035 10  72x9*
IFN-y 10 73x10*
1L-2 10 74=8*
Saline 10 56x8

* comparing to saline group
P<0.05

@ comparing to IFN-y group
P<0.05

A comparing fo IL-2 group
P<0.05

[6055] At 5Buglkg/day, CMS008, CMS008, CMS010, CMS011, CMS012, CMS020, CMS024, CMS034, and CMS036
were found to be able to increase NK cell cytotoxic activity, having statistically significant difference from the saline group
(P=<0.05). Among these peptides, CMS008 and CMS009 were found to have stalistically significant difference from the
IFN-y group and IL-2 group (P<0.05) as shown in Table 7.

Table 7
Group N Xx8D (%)

CMS008 10 92:+4*@n
CMS009 38 g2=5*@A
CMSD10 10 g2+g*
CMSOt1 10 76:x10*
CMS012 10 as=7*
CMS020 9 91x6"
CMS024 9 7843*
CMS034 8 g0x5*
CMS036 10  75x9*
IFN-y 10 80+8*
IL-2 10 80+8*
Saline 10 60+9

* comparing fo saline group
P<0.05
@ comparing to IFN-y group
P<0.05
* comparing to IL-2 group
P<0.05

[6056] At 0.5pg/kglday, CMS002, CMS011, CMS012, CMS022, CMS028, and CMS035 were found to be able to
increase NK cell cytotoxic activity, having statistically significant difference from the saline group {P<0.05). CMS008 was
found to be able to inhibit NK cell cytotoxic aclivity, having statistical significant difference frorm the saline group (P<0.05).
Data detailed in Table 8 below.
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Table 8

Group N Xx5D (%)
CcMs002 8 69"
CMS008 10 46x+12*
CMS8011 9 793"
CMS012 9 776"
cMS022 10 73£11*
cMs028 8 793"
CMS035 10 76=10"
IFN-y 10 728"
-2 10 7410
Saline 11 587

* comparing to saline group
P<0.05

3. The effect of peptides on the activity of T lymphocyte in secreting 1L-2

f0057] At 500parkgl/day, CMS007, CMS009, CMSO10, and CMS015 were found to be able to promote IL-2 secretion
from T lymphocyte, having statistically significant difference from the saline group (P<0.05). Among these peptides,
CMS007 and CMS015 were found to have statistically significantly difference from the iL-2 group (P<0.05). And, CMS009
and CMSQ10 were also found to have statistically significant difference from both the [FN-ygroup and IL-2 group (P<0.05})

as shown in Table 9.

Table §
Group N X=8D (V)
cMS007 9 86 15%A
CMS008 10 114£13*@A
CMs010 9 125£17+@7
CMSe15 9 85117
IFN-y 10 100+18™
L2 10 70+£13*
Saline 10 39x10
* comparing fo saline group
P<0.05
@ comparing to IFN-y group
P<0.05
A comparing to IL-2 group
P<0.05

i [0058] AfS0uglkg/day, CMS001 and CMS003 were found to be able to promote activity of T lymphocyte in secreting
IL-2, having statistically significant difference from the saline group {P<0.08}. Among these peplides, CMS003 was found
to have statistically significant difference from the iL-2 group (P<0.05) as sown in Table 10.

Table 10
Group N X£SD(IU)
CMS001 10 60x10*
CMS003 8 BE+O*
IFN-y 9 00+ 16*
fl-2 10 72x12*
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(continued)
Group N Xx£8D(IU)
Saline 10 39+10
* comparing to saling group
£<0.05
A gornparing to -2 group
P<0.05

[0059] At Spg/kg/day, CMS007, CMSG12, and CMS020 were found to be able to promote T lymphocyte in secreting
IL-2, having statistically significant difference from the saline group (P<0.05) as shown in Table 11.

Table 11
Group N X=SD(lU)

CMS8007 8 f4x12*
CMS042 9 65+ 16*
CM8020 8 B3x11*
IFN=y 10 9614
-2 10 7713
Saline 10 379

* comparing to saline group
P=0.05

[0060] At 0.5pg/kg/day, CMS010, CMS011, CMS012, CMS022, and CMS034 were found fo be able o promote T
lymphocyte in secreting [L-2, having stalistically significant difference from the saline group (P<0.05). Among these
peptides, CMS034 was found to have stafistically significantly difference from the IL-2 group (P<0.05). And, CMS011
and CMS022 were also found to have statistically significant difference from both the IFN-ygroup and IL-2 group (P<0.05)
as shown in Table 12.

Table 12
Group N X£SD (W)

CMS010 9 B6+11*
CMS011 10 101=19*@4
CMS012 8 59+ 13*
CMS022 9 109:x14*@2
CMS034 10 85:410%A
IFN-y 10 87+15*
iL-2 10 73£13*
Saline 10 3813

* comparing lo saline group
P<0.05
@ comparing to IFN-y group
P<0.05
A comparing to IL-2 group
P<0.05

4. The effect of peptides on the aclivity of T lymphocyte in secreting IFN

[0061] At500png/kg/day, CMS010, CMS013, and CMS016 were found to ba able to promote T lymphocyte in secreting
interferon (IFN), having statistically significant difference from the saline group, IFN-y group, and IL-2 group (P<0.05)
as shown in Table 13.
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Table 13
Group N X280 (1)

CMSC10 2 167£13@»
CMS013 9 154115 @A
CMS016 6 162:£19*@n
IFN-y 10 139=16*
-2 10 120+13*
Saline 10 B65+11

* comparing o saline group
P<0.05
@ comparing fo IFN-y group
P<0.05
A comparing to IL-2 group
P<0.05

[0062] AtS0pglkglday, CMS001, CMS003, and CMS021 were found to be able to promote T lymphocyte in secreting
IFN having statistically significant difference from the saline group (P<0.05). Among these peptides, CMS021 was found
to have statistically significant difference from the IFN-y group and IL-2 group (P<0.05) as shown in Table 14.

Table 14
Group N XxSD (V)

CMS001 10 11015
CMS003 8 106£16"
CcMS021 8 143217"@A
IFN-y 9 125+18*
IL-2 10 113217
Saline 10 61x11

* comparing o saline group
P<0.05
@ comparing to IFN-y group
P<0.05
A comparing to -2 group
P<0.05

[0063] At5Sug/kg/day, CMS009 and CMS012 were found to be able to promote T lymphocyte in secreting IFN having
statistically significant difference from the saline group (P<0.05). Among these peptides, CMS008 was found to have
statistically significant difference from the IL-2 group (P<0.05) as shown in Table 15.

Table 15
Group N X=x8D (iu)

CMS008 10 121£15*
CcMS01z ¢ 8610%
-2 2] 105x14*
Saline 10 6610

* comparing fo saline group
P<0.05
A comparing to IL-2 group
P<0.05

[0064] Al 0.5pnglkglday, CMSG10, CMS011, CMS022, and CMS028 were found to be able to promote T lymphocyte
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insecreting IFN, having statistically significant difference from the saline group (P<0.05). Among these peptides, CMSQ10
and CMS022 were found to have statistically significant difference from the IFN-y group and IL-2 group (P<0.05} as
shown in Table 18.

Table 16
Group N XxSD (W)

CMS010 9 142+18*@n
CMSo11 10 89=18*
CMS022 9 145+13*@4
CMS028 10 96£13*
IFN-y 10 124 +16%
iL-2 10 107£13*
Saline 10 64+13

* comparing to saline group
P<0.05
@ comparing to IFN-y group
P<0.05
# comparing to 1L.-2 groupP<0.05

5. The effect of peptides on antibody formation

[0065] At 500p.9/kg/day, CMS002, CMS003, CMS007, CMS008, CMS009, CMS010, CMSO11, CMS012, CMS013,
CMS014, CMS015, CMS016, CMS018, CMS018, CMS020, CMS022, CMS023, CMS024, CMS029, MS033, and
CMS035 were found to be able to promote anti-SRBC antibody formation, having statistically significant difference from
the saline group (P<0.05). Among these peptides, CMS002, CMS003, CMS007, CMS008, CMS013, CMS019, CMS024,
and CMS035 werefound to have statistically significant difference from the IFN-y group (P<0.05). And, CMS009, CMS3010,
CMS011, CMS012, CMS014, CMS015, CMS016, CMS020, CMS023, CMS029, and CMS033 were also found {o have
statistically significant difference from both the [FN-y group and 1L-2 group (P<0.05) as shown in Table 17.

Table 17
Group N X+8D (Unit)

CMS002 10 87:18*@
CMS003 10  g6=18*@
CMS007 10 69x17-@
CMS008 10 82+15*@
CMS008 10 113+22 *@»
CMS3010 10 112x30*@n
CMS011 8 188x16'@»
cMso12 8 14127 @A
CMS013 10 80+16*@
CMS014 10 130:£24*@n
CMS015 10 136+22*@n
cMs01e 8 143+38'@A
CMS018 10 66::16
CMS019 10 91+26"@

CMS020 & 155+35'@~
cMS022 8 BBE31*
cMSs023 9 110+£45@~
CMS024 8 75+29"@
CMS028 8 115x22*@»

CMS033 10  143227*@~
CMSD35 10 88x18*@




{continued)
Group N X£3D (Unit)
IFN-y 9 3710
IL-2 10 7Tzt
Saline 10  32x7

* comparing {o saline group
P<0,05
@ comparing to IFN-y group
P<0.05
A comparing to IL-2 group
P<0.05

{0066] At S0ugfkg/day, CMS003, CMS011, CMS012, CMS013, CMS015, CMS021, CMS022, CMS023, CMS026,
CMS027, CMS029, CMS030, CMS032, CMS033, CMS034, CMS035, and CMS036 were found to be able to promote
anti-SRBC antibody formation, having stalistically significant difference fram the saline group (P<0.05). Among these
peptides, CM8011, CMS013, and CMS015 were found fo have statistically significant difference from the IFN-y group
(P<0.05). And, CMS021, CMS022, CMS023, CMS026, CMS027, CMS029, CMS030, CMS032, CMS033, CMS034,
CMS035, and CMS036 were also found to have statistically significant difference from both the IFN-y group and IL-2
group (P<0.05). CMS009 was found lo be able to inhibit anti-SRBC antibody formation, having statistical significant
difference from the saling group (P<0.08). Data detailed in Table 18 below.

Table 18
Group N X+8D (Unit)
CMS003 10 52x11*

CMS008 8  13x5
CMS011 9@  67x9@
CMS012 8  50x14*
CMS013 8 70x9'@
CMS015 10  54x9'@
CMS021 9  94x20*@+
CMS022 9 110x1e @+
CMS023 8  84x11*@
CMS026 9 98x9"@+
CMS027 9 93x1i*@n
CMS028 10  143x13*@+
CMS030 10 141+33'@»
CMS032 O  131:24*@n
CMS033 8  112%15°@+
CMS034 10 136x11*@~
CMS035 8  97x10°@t
CMSO036 10 118%11*@A
IFN-y 9 37%10

IL-2 10 71*19*

Saline 10 z2x7

* comparing to saline group
P<0.05
@ comparing to IFN-y group
P<0.05
A comparing to IL-2 group
P<0.05

[0067] At 5pg/kg/day, CMS001, CMS003, CMS007, CMS008, CMS009, CMS011, CMS012, CMS013, CMS015,
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CMS016,CMS018, CMS020, CMS021, CMS023, CMS024, CMS028, CMS027, CMS028, CMS029, CMS030, CMS032,
CMS8033, CMB034, CMS035, and CMS036 were found fo be able fo promote anti-SRBC antibody formation, having
statistically significant difference from the saline group (P<0.05). Amoeng these peptides, CMS003, CMS008, CMS009,
CMS012, CMS015, CMS018, CMS020, and CMS021 were found to have statistically significant difference from the IFN-
¥ group (P<0.05). And, CMS001, CMS007, CMSO11, CMSG19, CMS023, CMS024, CMS028, CMS027, CMSDZ2S,
CMS028, CM8030, CMS032, CM8033, CMS034, CMS035, and CMS036 were also found to have statistically significant
difference from boih the IFN~-y group and iL-2 group (P<0.05) as shown in Table 19.

Table 19
Group N Ax£5D({Unit)
CMS001 9 110x24*@
cCMS003 @ 91£24*@
CMS007 9 122+107@n
CMS008 9 87:26@
CMS009 8 79+18*@

CMS011 10 115x27@A
CMS012 10  81x22*@
CMS013 10  93+28*@
CMS015 8 04+37'@
CMS016 9 93+32*@
CMS019 10  118%20*@+
CMS020 10  89+24*@
CMS021 9 82+30+@
CMS023 10  166x27:@»
CMS024 7 171£39"@»
CMS0268 9 191+17@
CMS027 9 117145*@~
CMS028 10  121248'@+

CMS029 9 147 23" @A
CMS030 9 158137 @~
CMS032 9 157 £37@A
CMS033 7 128x30*@4
CMS034 8 172£37*@A
CMS035 9 176139*@~
CMS038 8 179+34*@A
IFN-y 9 3710

IL-2 10 =11
Saline 10 32+7

* comparing to saline group
P<0.05

@ comparing to IFN-y group
P<0.05

A comparing o L2 group
P<0.05

{0068] At 0.5pg/kg/day, CMS021, CMS023, CMS024, CMS027, and CMS033 were found to be able to promote anti-
SRBC antibody formation, having statistically significant difference from the saline group (P<0.05), Among these peptides,
CMS021 and CMS033 were found to have statistically significant difference from the IFN-ygroup (P<0.05). And, CMS023,
CMS024, and CME027 were also found to have statistically significant difference from boih the IFN-y group and IL-2
group (P<0.05). Also, CMS3002, CMS003, CMS009, CMS010, CMS011, CMS013, CMS014, CMS015, CMS018,
CMS014, CMS020, CMS026, CMS028, CMS029, CMS030, CMS034, and CMS036 were found to be able to inhibit anti-
SRBC anfibody formation, having statistically significant difference from the saline group (P<0.05). Data detailed in Table

20 below.
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Table 20

Group

N X=SD(Unit)

CMS002
CMS003
CMS009
CMS010
CMS011
CMS013
CMS014
CMS015
CM3018
CMS019
CMS020
CMS021
CMS023
CMS024
CMS028
CMS027
CMS028
CMS029
CMS030
CMS033
CMS034
CMS036
IFN-y
IL-2
Saline

9 41"

9 2+1*

9 2+1*

10 103"
10 53"

10 71

10 15x6*

9 1324

¢ 3x1*

9 12:43*

9 10+3*

9 57x9*@
10 108+21*@n
10 Vg+E* @
10 19+6*

10 §9+14*@n
10 18x5*

9 187"

9 19+7*

g9 78x12*@
10 20x2*

9 206"

9 37x10
10 7111
10 327

* comparing fo saline group

P<0.05

@ comparing fo IFN-y group

P<0.05

A comparing fo 1L-2 group

P<0.05

8. The effect of peptides on the phagocytotic activity of mononuclear phagocyte

[0069] At 500pglkg/day, CMS003, CMS008, CMS020, CMS022, and CMS024 were found to be able to enhance the
phagacytotic activity of mononuclear phagocyte, having statistically significant difference from the saline group (P<0.05).
Among fhese peptides, CM8022 was found to have stalistically significant difference from the IFN-y group and 1L-2

group (P<0.05) as shown in Table 21.

Table 21
Group N X+5D (phagocytotic index)
CMS003 10 6.6x0.7*
cCMS008 10 6.5:x1.2F
CMS020 10  64+0.6*
cms022 10 7.A4x06*@A
CMS024 10 64107
IFMN-y 10 6.4=0.9*
57+0.8

L-2 9
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{continued)
Group N XxSD (phagoeytotic index)
Saline 10 5.1x0.6
* comparing to saline group P<0.05

@ comparing fo IFN-y group P<0.05
A comparing to IL-2 group P<0.05

[0070] At 50ug/kgiday, CMS019, CMS024, and CMS030 were found fo be able to enhance the phagocylotic activity
of manonuclear phagocyte, having statistically significant difference from the saline group (P<0.05). Among these pep-
tides, CMS018 was found to have statistically significant difference from the 1L-2 group (P<0.05) as shown in Table 22.

Table 22
Group N X=8D (phagocytotic index)

Ccms019 9 6.710.9*A
cMS024 8 8.6x£0.7*
CMS030 10 8.3x:0.5*
IFN-y 10 6.4+0.9*
IL-2 9 5.7x0.8
Saline 10 5.1x0.6

* comparing to saline group P<0.05
A comparing to L-2 group P<0.05

[0071] AtSpgika/day, CMS003*, CMS008, CMS009, CMS(10, CMS011, CMS013, CMSQ16, CMS018, CMS019, and
CMS035 were found to be able to enhance the phagocytotic activity of mononuclear phagocyte, having slalistically
significant difference from the saline group (P<0.05). Among these peptides, CMS003, CMS009, CMS010, CMS016,
CMS019, and CMS035 were found to have statistically significant difference from the [L-2 group (P<0.05) as shown in

Table 23.

Table 23
Group N X+8D (phagoeylotic index)
CMS003 9 8.9x10.9%
CMS008 9 6.4x0.5"
CMS00g @ 6.9+0.9"»

CMS010 10 7.1x0.7*
CMS01i1 10 6.4+1.1*
CMS013 10 68.7+x0.2*
cMs016 DO 6.9+0.8%A
CMS3018 8 6.7x1.2*
CMS019 8 6.8x0.6*
CMS035 9 8.9+0.9%
IFN-y 10 6.4x0.9*
IL-2 9 5.7+0.8
Saline 10 51+0.6

* comparing to saline group P<0.05
A comparing to IL-2 group P<0.05

[0072] At0.5pg/kg/day, CMS024, CMS027, and CMS036 were found to be able to enhance the phagocylotic activily
of mononuclear phagocyte, having statistically significant difference from the saline group (P<0.05). Among these pep-
tides, CMS024 was found {o have statistically significant difference from the 1L-2 group (P<0.05) as shown in Table 24.
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Table 24
Group N X=8D (phagocylotic index)

CMS024 10 6.7x0.5"
CcMS027 10 6.4+0.6*
CMS036 9 6.2+0.3*
IFN-y 10 6.4+0.9*
-2 9 5,7x0.8
Saline 10 5.1x0.6

* comparing to saline group P<0.05
* comparing fo IL-2 group P<0.05

7. The effect of peptides on the weight of immune organ

[0073] At 500p.g/kg/day, CMS008, CMS010, CMS016, CMS019, CMS020, CMS022, CMS026, CMS027, CMS028,
CMS029, CMS030, CMS032, CMS033, CMS034, CMS035, and CMS036 were found to be able to increase the weight
of thymus gland, having statistically significant difference from the saline group (P<0.05). Among these peptides, CMS027
and CMS034 were found to have statistically significant difference from the IL-2 group (P<0.05). And, CMS008, CMS022,
CMS029, CMS030, CMS032, CMS033, and CMS035 were also found fo have statistically significant difference from
both the IFN-y group and IL-2 group (P<0.05) as shown in Table 25,

Table 25
Group N X=SD (%)

Cms008 8 0.21x0.03*@
CMSC10 10  0.19%0.04"
CMS016 ¢ 0.18x+0.08*
CMS019 10 0.18x0.02*
cMS020 10 0.19+0.04*
Ccwmsoz22 9 0.26+0.05"
CmS026 10  0.20+0.03*
cms027 8 0.20+0.03"
cMs028 10 0.1940.02*
CMS029 10 0.22:£0.04*@»

CMS030 8 0.30:£0.03'@A
cmso32 8 0.25+0,03 @A
CMS033 9 0.25:+0.04*@~

CcMS034 9 0.20+0.05*
CMS035 10 0.21+0.03*@»
CMS036 9 0.18=0.02*
IEN-y 10 0.15x0.04
L-2 9 0.14£0.03
Saline g 0.12x0.02

* comparing to saline group P<0.05

@ comparing fo IFN-ygroup P<0.05
A comparing to 1t-2 group P<0.05

[0074] At 500p.g/kg/day, CMS019 was found to be able to increase the weight of spleen, with statistically significant
difference fromthe saline control groups (P<0.05) as shownin Table 26. CMS001, CMS003, CMS007, CMS009, CMS011,
CMS013, CMS014, CMS015, CMS021, CMS023, CMS024, CMS027, and CMS036 were found 10 be able to decrease
the weight of spleen, with statistically significant difference from the saline control group (P<0.05). Data detailed in Table

26 below,

19



Table 26
Group N Xx38D (%)

CMS001 10  0.432+0.07*
CMS003 8 0.40%0.04"
CcMso07 9 0.32+0.0%*
CMs008 8 0.41x0.03"
CMS011 9 0.41+=0.04*
CMS8013 10  0.44x0.07*
CMS014 10 0.40+0.03*
CMs015 9 0.36:0.07*
CMs019 9§ 0.63+0.08"
CM8021 g 0.360.04"
CMS023 9 0.36£0.06*
CMs024 9 0.34x0.05"
CMS027 10 0.37x0.03"
CMsp3s 10 0.40+0.03%

Saline 10 0.563+0.05

* comparing to saline group
P<0.05

[0075] At 50pgikg/day, CMS002, GMS008, CMS012, CMS014, CMS016, CMS018, CMG19, CMS020, CMS022,
CMS023, CMS024, CMS026, CMS027, CMS028, CMS029, CMS030, CMS032, CMS(33, CMS034, and CMS036 were
found to be able to increase the weight of thymus gland, having statistically significant difference from the saline group
{P<0.05). Among these peptides, CM3034 was found o have slalistically significant difference from the IL-2 group
(P<0.05). And, CMSG02, CMS008, CMS012, CMS014, CMS016, CMS018, CMS019, CMS020, CMS022, CMS023,
CMS024, CMS026, CMS027, CMS030, CMS032, and CMS036 were also found to have statistically significant difference
from both the IFN-y group and IL-2 group (P<0.05) as shown in Table 27,

Table 27
Group N X=8D (%)

CMS002 10 @~ 0,21:x0,02+@n
CMS008 10  0.200.04*@+
CMS012 10  0.26+0.02*@A
CMS014 10  0.21x0.02"@+
CMSO18 10 0.2010.03*@A
CMS018 10 0.23:x0,02+@7
CMS019 1Q  0.20+0.03*@»
CMS020 10  0.27+0.03*'@2
CMSD22 10  0.30£0.03*@~
CMS023 10  0.20£0.02*@~
CMS024 10  0.27£0.02*@»
CMS026 10  0.27+0.02'@
cMSs027 8 0.21+0,03*@»
CMS028 10  0.18x0.04%
CMS029 9 0.18+0.05*
CMS030 10  0.25x0.04*@~
CMS032 10  0.27+0.03*@*
CMS033 9 0.18:1:0.03*
CMS034 8 0.1920.04*
CMS036 ¢ 0.22:+0.02*@»
IFN-y 10 0.15%0.04
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(continued)

Group N X=8D (%)*
IL-2 9 0.14x0.04
Saline 9 0.12+0.02

* comparing to saline group P<0.05
@ comparing to IFN-y group P<0.05
» comparing to [L-2 group P<0.05

[0076] At 50pg/kg/day, CMS008, CMS010, and CMS029 were found to be able to decrease the weight of spleen, with
statistically significant difference from the saline control group (P<0.05). Data detailed in Table 28 below.

Table 28
Group N X£8D (%)
cMs008 10 0.39x0.08*
CMS010 10 0.38+0.05"
CMs029 10 0.42+0.04*
IFN-y 10 0.50+0.04
-2 9 0.62x0.07
Saline 9 0:53+0.05

* comparing lo saline group

P<0.05

[0077]

At 5pgfkg/day, CMS001, CMS002, CMS010, CMS011, CMS012, CMS013, CMS014, CMS15, CMS0186,

CMS018, CMS019, CMS020, CMS021, CMS022, CMS023, CMS024, CMS026, CMS028, CMS029, CMS030, CMS032,
CMS033, CMS034, and CMS036 were found to be able to increase the weight of thymus gland, having statistically
significant difference from the saline group (P<0.05). Among these peplides, CMS002, CMS014, CM5024, and CMS030
were found to have statistically significant difference from the IL-2 group (P<0.05). And, CMS010, CMS012, CMS018,
CMS019, CMS020, CMS022, CMS026, CMS028, CMS032, CMS034, and CMS036 were also found fo have statistically
significant difference from both the [FN-y group and IL-2 group (P<0.05) as shown in Table 29.

Table 29
Group N X+SD (%)
CMs001 10 0.22+0.05"
CMS002 & 0.24+0.05*A
CMS010 8 0.27=0.05*@~
CMS011 10 0.22+0.04*
CcMSo012 10 0.270.08*@~
CMS013 10 0.21x0.05*
CMS014 10 0.23x0.08™
CMS015 9 0.20+0.08*
CMs016 10 0.22x0.06"
CM3018 10 0.24+0.04"@~
CMs0i19 10 0.24x0.02*@A
CMS8020 10 0.24=0.07@n
cMs021 9 0.20=0.068*
CMS022 9 0.25:+0.04*@A
cMS022 10 0.23+0.06"
CMS024 9 0.23+0.06*+
CMS026 10 0.31+£0.05"@4
CMmMS0258 10 0.28::0.06*@~
cMS028 10 0.21x0.03*

21



{continued)

Group N X=8D (%)
CMS030 10 0.23x0.07™*
CMS032 10 0.29+0.04*@»
CMS033 10 0.20+0.02*
CMS034 9 0.27:£0.06*@~
CMS035 10 0.21£0.04"
CMS036 10 0.25:0.04*@»
iFN-y 10 0.15x0.04
L2 g 0.14+0.04
Saline 9 0.12+0.02

* comparing to saline group P<0.05
@ comparing to IFN-y group P<0.05
A comparing to IL-2 groupP<0.05

[0078] At Bugfkglday, CMS3030 was found to be able to increase the weight of spleen, having statistically significant
difference from the saline group (P<0.05). CMS015 was found to be able to decrease the weight of spleen, having
stafistically significant difference from the saline group {(P<0.05). Data detailed in Table 30 below.

Table 30
Group N X+8D (%)
CMS015 9 0.38£0.15*
CcMS030 10 0.64+0.09*
Saline 10 0.53+0.05

* comparing to saline group

P<0.05

[0079] At 0.5pg/kg/day, CMS002, CMS008, CMS010, CMS012, CMS014, CMS018, CMS020, CMS022, CMS026,
CMS028, CMS030, and CMS032 were found to be able to increase the weight of the thymus gland, having statistically
significant difference from the saline group (P<0.05). Among these peptides, CMS008 and CMS012 were found to have
statistically significant difference from the 1L-2 group (P<0.05). And, CMS002, CMS020, and CMS030 were also found
to have statistically significant difference from both {he IFN-y group and IL-2 group {P<0.05) as shown in Table 31.

Table 31
Group N X=8D (%)
CMso0z 8 0.26:0.06"@~
CcMS008 10 0.22x0.07**
CMS010 9 0.21£0,03*
CcMs012 10 0.22x0.06%
cMs014 10 0.20%0.04"
CMS018 10 0.20+0.03"
CMS020 9 023+0.05*@~
CMS022 10 0.21%0.06*
cMms028 9 0.21x0.05*
CmSs028 10 0.20=0.06*
CMS030 8 0.24:£0.05*@»
CMS032 10 0.21%0.06"
[FN-y 10 0.1520.04
-2 9 0.14+0.04

22



(continued)
Group N XxS0 (%)
Saline 9 .12x0.02
* comparing to saline group P<0.05

@ comparing to IFN-y group P<0.05
4 comparing to IL-2 groupP<0.05

[0080] At 0.5pg/kg/day, CMS020 was found to be able to increase the weight of spleen, having statistically significant
difference from the saline group, 1FN-y group, and IL-2 group (P<0.05). CM3001 was found fo be able {o decrease the
weight of spleen, having statistically significant difference from the saline group (P<0.05). Data detailed in Table 32 below.

Table 32
Group N X380 (%)

CMS001 10  0.40x0.05*
CMS020 8 0.6810.09*@*
Saline 10 0.53x0.05
IFN-y 10 0.50£0.04
-2 10 0.62£0.07

* comparing to saline group
P<0.05
@ comparing to IFN-y group
P<0.05
* comparing fo IL-2 group P<0.05

[6081] In summary, we found that peplides CMS001, CMS002, CMS003, CMS007, CME008, CMS008, CMS010,
CMS11, CMS012, CMS013, CMS014, CMS015, CMS016, CMS018, CMS018, CM8020, CMS021, CMS022, CMS023,
CMS024, CMS026, CMS027, CMS028, CMS029, CMS030, CMS032, CM8033, CM3034, CMS035, and CMS036 have

in vivo biological activities in the animal model tested.,

II. THE IN VIVQ ANTIVIRAL EFFECT OF PEPTIDES

[0082] In order to find out whether these peptides have possible therapeutic effect on viral infections, we used the
animal model duck hepatitis B infection in this study to testout the in vivo effects of the above peptides on diseased animals.
[0083] Chongging duck hepatilis B model was set up and treated with peptides by intraperitonealinjection (50p.gfkg/day,
ohce per day) for 4 weeks. The serum level of DHBY DNA was analyzed by serum dot-blot hybridization. Lamivudine
and normal saline treatment was used as positive and negative control respectively. The peptide CMS001 was found
{0 be able to reduce the serum level of DHBY DNA at the 4th week of the treatment, having statistically significant
difference from the saline control group (p<0.05). It is concluded that CMS001 af suitable dosage level can be used as
a part, or on its own, for viral hepatitis infection management.

Materials and methods

1. Peptides were custom synthesized by American Peptide Company, Inc., USA, from L-amin acids.

2. Animal todet [1]

[0084] One-day old Chongging ducks were inoculated with 0.1m! stock serum positive of Duck Hepalilis B Virus
(DHBV) DNA (5 x 107 copy/ml) by intraperitoneal injection. One week later, blood samples were collected from the
external jugular vein and infection was confirmed by dot-blot hybridization with DHBY DNA probe labeled with digoxin (2],
The ducks were breed to 2 weeks old for entrance inte the study.

3. Grouping and treatrnent

[06085] DHBV infected ducks were randomized into the following groups:
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a) Negative conirel group (n=9): Normal saline was given 1ml per duck by infraperitoneal injsction, once per day.
b} Larnivudine group (n=8): As positive control group. Lamivudine [4] was given 50mgfkg/day by oral administration,

once per day.
¢) Peptide group (n=9): 50ug/ka/day peptide (adjusted to final volume of 0.5 o 1 ml with normal saline) was given

once per day by intraperitoneal injection.
Treatment lasted for 4 weeks and ohservation continued for another one weaek after terminafion of treatment. 1 mé

blood samples were drawn from the external jugular vein of the ducks on days 0, 7, 14, 21, 28, and 35 when {reatment
started. Sera of the blood samples were isolated immediately (3] and stored at -20°C until analysis.

4, Serum DHBV DNA level determinations

[0086] DHBV DNA probe was fluorescent labeled according to the Iabeling kit protocol from the kit manufaciurer
(Amersham Pharmacia Bjotech Co.). 40u] duck sera were dot-blotied {1 duplicated dot per sample) onto nitro-cellulose
membrans and hybridized with fluorescent-labsled DHBV DINA probe for quantitation [4), After completion of hybridation,
the blots were developed in CDP-Star fluorimetry reagent RPN3690 and scanned with Vuego Scan (Brisa-620st) scanner,
ImageMaster TotalLab vl.11.Ink software was used for quantitative analysis of the blots. Statistical analysis was carried
ouf according to the pair t-test with SPSS software,

Results

[0087)]

Table li.1 Serum DHBY DNA titer before and after treatment
DHBY DNA level (Mean + Standard Deviation, 103 units)
Day0 Day 7 Day 14 Day21 Day 28 Day35

MNormal saline 26%12 45%31 40+23 10266 £0x38 5043
Lamivudine 219 6x4* 7+6* 8x7* g+5* 20+19
CMS001 21218 11x13  20x18  14x14 §5+3*F 18+16

Pair t-test, comparing with day 0 of the same animals; *P<0.05

[0088] The negative (normal saline) and positive (lamivudine} control group proved successful establishment of the
hepatitis animal model, At 50pg/kg/day, the peptide CMS001 was found {o be able to decrease the serum DHBY DNA
titre after 4 weeks of treatment, having slatisticaily significant difference {p<0.05) from the before treatment value of the
same animals. Upon termination of {reatment, the serum BHBYV DNA titre rebounced to a value with no stafisticat
difference from that before treatment, showing that the effect of peptide CMS001 may be reversible and/or need longer

treatment period for eradication of the virus.

Discussion

[0089] Duck hepatitis animal model ['] is an established experimental model for human hepatitis B pathogenesis
studies and for the screening of hepatitis B therapeutic agents. In this study, CMS001 was found fo be able o decrease
the serurn titre of DHBV DNA after 4 weeks of treatment, indicating that the peplide CMS001 at suitable dosage level
and with suitable application scheme, can be useful on its own or in combination with other substances as an agent for
human hepatitis B management.

[0090] Inthe present study, administration by infraperitoneal injection was tested, but this does not exclude the possible
effectiveness of the peptide if administered via other alternafive routes. The peplides may also be administered via
infravenous injection, inframuscular injection, subcutaneous injection, and subcutaneous implantation, with or without
delivery facilitating device such as liposome, sustain release protection etc. The peptide may also be administered in
any form of oral administration like tablet, capsule, suspension, selution etc, in the usual form without madification or in
slow release form, or with or without gastro-enteric protection. The peptide may further be applied in any form of iopic
application like ointment, cream, gel ete with or without transdermal facifitating device, or as inhalant of powder, dissolved,
oras fiposome protected form. The peptide may also be interpretedinto its genetic sequence and cloned info anexpression
system, on its own or in combination with other peptide sequences, to generate a resulting peptide molecule to make
use of the activity of the peptide as described in this report, with or without purification of the resulting peptide.

24



Table [1.2 Peptides Effective for Hepatitis B
CMS code SEQ 1D No.

CMS001 1
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. EFFECT OF PEPTIDES ON NEPHRITIS

[0082] In order to find out whether these peptides have possible therapeutic effect on nephritls, we used the animal
model rat Masugi nephritis in this study to test out the in vivo effects of the above peptides on diseased animals [34],
[0093] Theobjective ofthis study istoinvestigate thein vivo therapeutic effect of peptides on chronic glomerulonephritis.
Masugi nephritis rat model was constructed by injecting rabbit anti-rat-renal-cortex 1gG into heathy Sprague Dawley
rats, and then trealed immediately with Intraperitoneal injection of peptides at 50p.g/kg/day, once per day for 3 weeks.
Hydrocortisone was used as positive control. it was found that proteinurea, serum creatinine level, and splenic index of
the rats treated with CMS014, CMS018, CMS030, and CMS036 were lowered compared with that of the control group,
with statistical significance (p<0.05). Postmortum microscopic examination of the kidney showed that the therapeutic
effect of these peptides was similar to hydrocotisone treatment. It is concluded that CMS014, CMS018, CMS030, and
CMS036 may be used as a means for chronic nephritis management.

Materials

[0094] Sprague Dawley (SD) rats, male, weighing 12020g, were from Center of Experimental Animal, Guangzhou
University of Traditional Chinese Medicine, and aiso from First Military Medical University. Chinchilia rabbits weighing
3kg were from Center of Experimental Animal, Guangzhou University of Traditional Chinese Medicine,

[0095] Peptides, of L-amino acids origin, were custorn synthesized by American Peptide Company, Inc, USA, and
were diluted to 10.g/ml in sterile normal saline. Hydrocortisone was from Yangzhou Pharmaceutical Factory, China.
[0096] Serum creatinine level determination kit from Shanghai Rongsheng Biological Technique Company, PR China.

Methods

[0097] 1. Preparation of rabbit anti-rat-renal-cortex anti-serum [: 20 healthy SD rats were anesthetized with intrave-
nous injection of 3% sodium pentoharbital, 40mg/kg. The aorta abdominalis was exposed and the kidneys were perfused
with normal saline until clean of blood. The renal cortex was isolated, homogenized in 5 volumes of 0.01 M Tris-HCI
butter, pH 8.1, and filtered through a 140-gauge stainless steel mesh. The filtrate was collected and mixed with either
GIBCO-RRE complete orincomplete Freunds adjuvant in 1:1 and emulsified to obtain the working immunization solulion.
[0098] 10 healthy rabbits were immunized with the immunization solutions, first time with complefe Freunds adjuvant
and subsequently with the incomplete one. The antigen was injected hypadermally through 6 random points, 0.1 ml per
point, once per 10 days. From 6 week onwards, blood was collected from the auricular vein and the antibody titer was
determined by the double diffusion method [21. On the 8! week after starting of immunization, the rabbits were anesthe-
tized with intravenous injection of 3% sodium pentobarbital, 20mgfkg, and blood was collected from the carotid artery.
The anti-serum was then exuded and isolated.
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[0099] Whole blood was collected from 15 healthy SD rats. The red blocd cell was isolated and washed clean thrice
with normal saline, The clean red blood cell was mixed with 250 mi rabbit anti-serum and incubated at 4°C overnight.
After incubation, the blood cell was removed by centrifugation and the supematent was further inactivated at 56°C for
30 minutes, After centrifugation to remove any precipitate, crude IgG was isolated and partially purified from the super-
natent by precipitation with (NH,),S0, thrice (50%, 33%, and then 33%) l8), The crude IgG was redissolved in 125ml
double distilled water and dialysed clean of ammonium sulphate, The anti-rat-renal-cortex antibody titer was determined
by the double diffusion method (4],

[0100] 2. induction of rat glomerulonephritis 1 0.25ml priming solution (containing about 4rg non-specific rabbit IgG
with complete Freunds adjuvant} was injected iniraperitoneally into healthy SD rats to prime the rats five days before
induction. With the exception of the normal healthy control group that received normal saline, all groups were subsequently
induced by infraperitoneal injection of 1ml rabbit anti-rat-renal-cortex IgG prepared as described in section Method 1.
[0101] 3. Grouping and administration: male SD rats were randomized into groups of normal healthy control {normai),
nephritis placebo treatment confrol (placebo), nephritis pepfide freatment, and the nephritis hydrocortisone treatment
control (hydrocortisone), 12 per group. Treatment started on the day of induction. Peptides 50p.g/kg/day, hydrocortisone
3.3mg/kgfday, and normal saline was used as placebo, all administered intraperitoneally once per day and lasted for 3
weeks.

[0102] 4. Parameters monitored [4].

(a) urine protein level: each rat was kept individually in one cage. Adequate drinking water was supplied. Urine was
collected once per week, 24 hours per {ime. Protein content of the wine was determined by the Coomassie blue

method.

(b} serurn creatinine level: blood was collected after three weeks of treatment and serumn creatinine level determi-
natlon. The creatinine kit was provided by Shanghai Rongsheng Biolegical Technigue Company.

(¢) Spleen weight index: spleen weight index was determined by the following formula; Spleen weight index = mean
spleen weight & mean body weight

{d) Pathological microscopic examination of kidney: & heaviestkidneys were chosen fram each group for pathological
examination.

Siatistical analysis

[0103] Used t-fest for inter-group comparisons, cut off set at p<0.05. For all groups, {he two rats with lowest urinary
protein levels were excluded from the statistical analysis.

Result

1. The effect of peptide treatment an the wrine protein level

[0104]
Table 0.1 The effectof peptide treatment on urine protein level (unitmg)
Groups f Week 1 Week 2 Week 3
CMS014 10 5514.0" 6.3+6.8* 2.8x1.9¢
CMS018 10 7.0x3.7* 5.5+7.9% 33x34*
CMS030 10 5.4+3.4* 9.5+16.2 2.4+1.5
CMS038 10 7.9+5.8* 5.0+7.1* 1.3+0.9*
hydrocortisone 10 3.1x2.0* 7.5%7.7 7.8+x7.1"
placebo 10 22.9+22 172£145  20.2+29.0
norraal 9 17213 2311 0.4+0.2*

Comparing with placebo, * p<0.05

[0105] It was found that peplides CMS014, CMS018, CMS030, and CMS036 at 50p.g/kgfday once per day can lower
the urine protein level of Masugi nephritis rat medel, with statistically significant difference from the placebo treated
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control group, p<0.05, it was also noted that the growth rate of groups CMS014, CMS030, CMS036, and hydrocortisone
have slower growih rate than normal, The growth rate of the hydrocortisone group decreased to such an extent that
after the first week, the treatment dose has to be halved to avoid severe inlolerance.

2. The effect of peptide freatment on the serum creatinine level

[0106]
Table I1l.2 The influence of peplides on the serum creatinine level

Groups n Serum creafinine level (iemolfL)
CMS014 10 1591

CMS018 10 671"

CMS030 10 931+

CMS038 10 801"

Placebo 10 265212

hydrocortisone 10 239+107

normal 9 801"

Comparing with nephritis rats receiving placebe treatment (placeho), * p<0.05

[0107] The serum creatinine level of Masugi nephrilis rats receiving placebo treatment was much higher than that of
the normal control group, showing that the renal function of the nephritis rats was abnormal. [t was found that the peptides

CMS014, CMS018, CMS030, and CMS036 at 50p.g/kg/day ance per day were able to lower the level of serum creatinine,
with statistically significant difference from the nephritis rats wilh placebo treatment.

3. The effect of peptides on the spleen indexes

[0108]
Table [11.3 The effect of peptides on the spleen index(x10-3)
Groups n spleen index
CMS014 10 3.6x1.3*
CMS018 10 3.3x0.8*
CMS030 10 3.0+0.5%
CMS036 10 3.4+0.8*
placeba 10 4.8+1.1
hydrocortisone 10 4.5x14
normal g 2.4x0.1*

Comparing with nephritis rats receiving placebo treatment
(placebo), * p<0.05

[0108] The spleens of all induced rats were entarged compared with normal rats, showing that the induction of nephritis
was related to immune response. It was found that the peplides CMS8014, CMS018, CMS030, and CMS036 at
50ug/kalday once per day were able to decrease the spleen index, with statistically significant difference from the group

of nephritis rats receiving placebo treatment, p< 0.05.
This suggested that the peplides might exert their corrective effect against nephritis through immunosuppression mech-

anisms.

27



4. The eifects of peptides on the renal pathological microscopic examination

[0110] Comparing with normal rats, the nephritis rats receiving placebo treatment {placebo group) showed signs of
fibrous fissue formation in the glomerular capsule, hyperplasia of the glomerular epithelium, formation of crescents;
dilation and congestion of glomerular capillaries, edema of the proximal tubude epithelium, and cast formation in the
distal tubule and collecting duct. These paiholegical changes confirmed the successful induction of nephritis. It was
observed that in the group CMS014, there was only one rat showed signs of fibrous tissue formation in the glomerular
capsule and hyperplasia of the glomerular epithelium.

Other parameiers of the same rat, and other rats of the same group have essentially the same renal histology as normal
rats. In the groups CMS018, CMS030, and CMS036, all pathological parameters of alt rafs were normal.

Conciusion

[0111] [t is concluded that the peptides CMS014, CMS018, CMS030, and CMS0386 at 50pg/kg/day, once per day,
administered intraperitoneally can have therapeutic effect on experimental Masugi nephritis rat model, Proteinurea,
creatinine excretion, and renal histology of the treated rats were corrected by these peplides, with stalistically significant
difference from the control group receiving placeho treatment. These peplides may act through immunological mecha-
nisms as indicated by their influence on the spleen weight index, but does not exclude the possibility of their actions via

other mechanisms.

Discussion

[0112] The peptides CMS3014, CMS018, CMS030, and CMS036 may be useful as a part, or on its own, in nephiritis
management in human. For example, the peptides may be used to correct profeinurea or fo restore the excretary functions
of nephritis patients, The peptides may also be used to prevent futher kidney function impairment in nephiritis patients.
The peptides may be used on its own, in combinations of two or more peptides, or in combination with other pharma-
ceuticals or food supplements as a total course for nephritis management.

Table [1.4 Peptides Effective for Nephritis

CMS code SEQ ID No.
CMS014 7
CMS018 16
CMS030 21
CMS036 26
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V. EFFECT OF CMS PEPTIDES ON CANCER

[0114] In order fo find out whether these peplides have possible therapeutic on cancer, we used various standard
animal cancer models in this study to test out the biological effects of the above peptides on diseased animals.

Materials
[0115]

1. Experimental animals
BALB/c mice, C5;BL/6 mice, and DBA/2 mice, weighing 18-22g, from China Medical Science Institute, PR China.

2. Celllines
Mouse sarcoma Sqgqg cells, Big cells, and Lypq4 cells, from Cancer Research Department, China Medical Science

Institute.
YAC-1 cells, as dift from Prof Yao Zhi, Tianjin Medical University.

3. Main drug and reagent
The peptides used in this study were cusforn manufactured by American Peptide Company, Inc., USA.

Fetal bovine serum, RPMU-1640 cell culture medium, from Gibco, USA.

MTT, ConA, from Sigma, USA.

Recombinant mouse interferon~y {rmlFN-y}, from Beijing Biotech Inc., PR China.

Recombinant human interleukin-2 {rhiL-2}, from Shanghai Huaxin Biotech Inc., PR China.

Lymphaocyte separation solution, from Research Insfitule of Hematologic Disease, National Institute of Medical
Science, PR China

Cyclophosphamide, from The 12th pharmaceutical factory of Shanghai, PR China.

Methods
1. Administration of fest substance

[0118] Intraperitoneal injection, once per day. With the exception of cyclophosphamide group, all groups siarted
ireatment 5 days before fransplanting the cancer cells. The cyclophosphamide groups were freated on the next day
after transplanting the cancer cells. Treatment of all groups with testing substance lasted for 30 days or until the animal

died unless otherwise specified.

2. The effect of peptides on the growth rate of transplanted S,y sarcoma cells in BALB/c mice, and that on the immu-
nological funclion of the host

[0117] BALB/c mice were randomized into peptide group, cyclophosphamide group, rmiFN-~y group, rhiL-2 group, and
saline group, 20 animals per group.

[0118] Stock S50 sarcoma cells were incubated in DMEM/F 12 medium supplemented with 10% fetal bovine serum,
37°C, 5%C0, for 72 hrs, then washed 3-4 times with Hank's solution af roorn temperature. Adjust the cell concentration
to 1-2 x 109 per litre with Hank’s solution. 0.2ml of cell suspension was implanted to several BALB/c mice through the
armpit for 10-12 days. The mice were Killed by cervical vertebra dislocation. Vigorously growing and non-disrupted tumor
masses were harvested and washed clean with sterile saline. The tissue was dispersed in saline to a homogenous cell
suspension, in a ratio of 1 g tissue to 4 ml saline. The sarcoma bearing mice model was prepared with an injection of
0.2l cell suspension through the armpit [1]. Administration of test substance treatment started as described in seclion
Method 1.

[0119] 2.1 The effect of peptides on the phagocytotic funclion of mononuclear phagocyte in mice with S454 sarcoma
[2,3] was analysed by injecting mice from the tail vein with 0.1ml/10g body weight of Indian ink {1:5 dilution with normal
saline) on the second day after the last tesf substance administration. At one minute and five minutes after the injection,
20p.I blood was obtained from the eye canthus with heparinised tubing. The blood was mixed with 2ml 0.1% wiv Na,CO4
and then ODgggnm obtained. The outline clear index K was caiculated by the following formula:

K=(IgA1-]gA2)+ (12 - 1)
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Key:

At: ODgggnm at Tirst minute
A2: ODggynm at fifth minute
12: 5 minutes

t2: 1 minute

[0120] After the phagocytosis index study, the mice were killed by cervical vertebra dislocation. The liver, spleen, and

cancer tissue were dissected, hlotted dry, and weighed.
[8121] The phagocylosis index o was calculated as befow:

a= (v K)x (W= W)

key:
W: body weight
Wy q: weight of liver plus spleen

[0122] 2.2 The tumor growth inhibition index was calculated according to the following formuia:
Tumor growth inhibition index = {mean fumor weight of control group - mean tumor weight of treatment group) 6 mean

tumor weight of control group

3. The effect of peptides on the survival of BALB/c mice with transplanted ascitic fluid type liver cancer Hy,

[0123] BALB/c mice were randomly grouped into peptide group, cyclophosphamide group, rmIFN-ygroup, rhiL-2 group
and saline group, 20 animals per group.

[0124] Stock Hy, cells were incubated in DMEM/F12 medium supplemented with 10% fetal bovine serum, 37°C/
5%C0O, for 72 hrs, then washed 3-4 times with Hank's solulion at room temperature. Adjust cell concentration to 1-2 x
109 per litre with Hank's solution. 0.2mi of the cell suspension was implanted to the abdominal cavity of several BALB/c
mice for 6-8 days [1]. The mice were killed by cervical veriebra dislocation. Ascitic fluid of the mice was collected
asceptically and the cell concentration adjusted to 1 x 108 per ml with Hank’s solution. 0.2mt of the cell suspension was
implanted into the abdominal cavity of healthy mice to generate the Ho, carrying mouse model for ascitic fluid type liver
cancer, Administration of test substance started as describedin section Method 1. Survival data of the mice was recorded,
If the animal survived longer than the experiment, the survival days was recorded as the duration of the experiment.
Mean survival day was obtained by the Kaplan-meier method in the Survival option of the SPSS software. The survival
index was calculated according to the following formula;

Survival index = (mean survival days in treatment group — mean survival
days of control group) <+ mean survival days of control group x 100%

4. The effect of peptides on the cellular immunity of BALB/c mice with transplanted ascitic fluid type liver cancer Hy,

4.1 Preparation of spleen cell suspension [1:4]

[0125] Healthy BALB/c mice were randomised into peptide group, rmlFN-y group, rhil.-2 group, and saline group, 15
mice per group, and prepared into Hyp carrying mice model as described in section Method 3. After implantation of the
cancer cells, the test substances were administered for 15 days, the mice were killed by cervical dislocation. The spleen
was isolated aseptically and manually dispersed in cold D-Hank's solution using an injection needle. The dispersed cell
suspension was further sieved through a 100-gauge 150p.m diameter stainless steel sieve. After centrifugation at 200g
for 10 minutes, the supernatant was discarded,

The cell pellet was re-suspended in 10 volume of Tris-NH4Cl buffer and then kept standing still for 10 minutes at room
temperature. The suspended cells were collected by centrifugation at 150g for 10 minutes. The cells were washed 2-4
fimes with cold D-Hank's solution by re-suspending and collecting by centrifugation with condition as described above.
The washed cells were then diluted to the desired cell densities by RPMI-1640 culture medium, containing 10% fetal

bovine serum.
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4.2 The sffect of peptides on the T lymphocyte transformation in mice with ascitic fluid type liver cancer Hy, [1:4]

[0126] Spleen cells of density 1 108/ml were placed onlo a 96 wells cell culture plate, 100pliwell, three parallel wells
each of the assay sample and control sample per mouse. To the assay wells, 100plwell ConA of 100pg/ml in RPMI-
1640 was added, and 100plfwell plain RPMI-1640 was used for the controls. The cells were Incubaled for 65 hrs at
37°C, 5% CO,. The cells were then pelleted by centrifugation at 150g for 10 minutes. The supematant was collected
and sfored at -20°C for cytokines [L-2 and IFN determination.

[0127]  S0plwell MTT of 1mg/ml in RPMI-~1640 was added to the cell pellet and the cells re-suspended by shaking for
2 minutes. The incubation was continued for 4 hours. The supernatant was discarded after centrifugation at 150g for 10
minutes. 120u! 40mM HCl-2-propanol was added fo the cell pellet and shaken for 3 minutes. Use an ELISA reader {o
obtain ODgzgnm of each well referenced at 630nm.

[0128] Each mouse formed three assay wells and three control wells. The Stimulation Index (S1) of each mouse was
obtained by first deriving the average OD of the three parallel wells, then dividing the value of the assay wells by the

control wells.

4.3 The effect of peptides on the NK cell activity in mice with ascitic fluid type liver cancer Hyol5: 6]

[0129F Mice spleen ceils were prepared to 4x10%/ml as described in section 4.1 above. Target cells YAC-1 were
brought to log phase and adjusted t6 $x105/ml. Using a 96 wells cell culture plate, 100p] mouse spleen cells and 100pl
culture medium were added to the control well containing only the spleen cells; 100! target celis and 100p.l culture
medium were added to the control well containing only target cells; 100! mouse spleen cells and 100pl target cells
were added to the NK activity assay well. Three parallel sets of the above were prepared per mouse. After that, the 86
wells cell culture plates were incubated for 4hrs at 37°C, 5% CO,.

[0130] Samples were centrifuged at 150g for 10 minutes to collect the cells. The supernatant was discarded and SOplf
well MTT of | mg/ml was added. The reaction mixture was then shaken for 2 minutes, and incubated at 37°C, 5% CO,
for 4 hours. The supematant was discarded after centrifugation at 150g for 10 minutes. 120 pl 40mM HCI-2-propanol
was added and shaken for 3 minutes. An ELISA reader was used to ohtain OD570nm of gach well referenced at 830nm.
[0131] Each mouse has 9 wells: three spleen cells anly control, three target cells only confrol, and three assay wells
with bolh spleen and target cells. The NK cell activity index of each mouse was obtained by first deriving the average
OD of the three parallel wells of each combination, then applying this average OD to the following formula:

NK cell activity index = [l-(average OD of spleen and target cell well —
average OD of spleen cell only well) + (average OD of target cell only well)]
x 100% '

5. The effect of peptides on the survival of DBA/2 mice with transplanted L4244 [eukemia

[0132] DBAJ2 mice, 6-8 weeks old, were randomized into peptide group, cyclophosphamide group, rmiFN-y group,
rhiL-2 group, and saline group, 20 animals per group.

[0133] Siock Lypgq cells were incubated in DMEM/F12 medium supplemented with 10% fetal bovine serum, 37°C/
5%CO, for 72 hrs, then washed 3-4 times with Hank’s solution, and adjusted to 1 x 10° cells per litre. 0.1ml of the cell
suspension was implanted into the abdominal cavity of several healthy DBA mice for 6-8 days. The mice were then killed
by cervical vertebra dislocation and thelr ascitic fluid collected aseptically. The cefl conceniration of the collected ascitic
fluid was adjusted to 1 x 10 per ml with Hank's solution. 0.1ml of the cell suspension was inplanied into each of the
testing animal and the survival data of the animals recorded. Treatment started in the testing animals as described in
section Method 1. Mean survival day was obtained by the Kaplan-meier method in the Survival option of the SPSS
software. If the animal survived longer than the experiment, the survival days was entered as the duration of the exper-
iment. The survival index was calculated according to the following formula:

Survival index = (mean survival days of treatment group — mean
survival days of control group) + mean survival days of control group
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8. The effect of peptides on the humoral immunity of Cs;BL/6 mice bearing transplanted B4g melanoma, and that on the
metastatic potential of the inoculated melanoma cells

[0134] C5;BL/6 mice, 6-8 weeks old, body weight 18-22q, were randomized into peptide group, cyclophosphamide
group, rmliFN-y group, rhil-2 group, and saline group, 20 animals per group,

[0135] Stock B;s mouse melanoma cells were incubated in DMEM/F12 medium supplemented with 10% fetal bovine
serum, 37°C/5%C0, for 72 hrs, then washed 3-4 times with Hank's solution. The cell concentration was adjusted {o 1
x 105 per ml with Hank’s solution and 0.1ml of the cell suspension was injected via the tail vein into the testing mice to
generate the B4g melanoma bearing animal model [7,8]. Treatment with test substance started as described in section

Method 1.

6.1 The effect of peptides on the humoral immunity of C5;BL/6 mice bearing transplanted By melanoma (9

[0136] Sheep red blood cells (SRBC) were prepared by collecting blood from the cervical vein and put into a sterfle
flask with glass beads. The flask was shaken for 3 minutes and the blood then mixed with Alsever solution (glucose
2.05g, NaCl 0.4g, Na lemonade 0.8g, adjust to 100m! with distilled water) and stored at 4°C. Immediately before use,
samples were cenfrifuged at 130g, 5 minutes to collect the SRBC. The ¢ells were washed two times by re-suspension
and centrifugation in normal saline. Then the cell pellet was collected by centrifugation at 180g for 10 minutes and re-
suspended in saline to make the final working SRBC suspension, 2% (v/v).

[0137] Complement was prepared by adding 10 volumes of fresh Cavy serum into one volume centrifuge packed
SRBC, and then gently shaked for 30 minutes at4°C. The SRBC was removed by centrifugation at 200g for 10 minutes,
10 valumes of normal saline were added to obtain the working complement solution.

[0138] Onthetesting animals, on the 271 date of test substance treatment, 0.2ml of the working SRBC cell suspension
was Infected into each animal to raise antibody. On the day after the last test substance administralion, blood was
collected from the eye canthus and left at room temperature for one hour for serum exudation. After centrifugation at
200q for 10 minutes, the collected serum was diluted by 500 times with normal saline.

[0139] To 1ml diluted mouse serum of each mouse, 0.5m| SRBC suspension was added. Ice cold. Then 1mi working
complement solution was added and incubated at 37°C water bath for 10 minutes, Reactions were terminated by ice
cold. Samples were then centrifuged at 200g for 10 minutes to obtain the supernatant.

[0140] To 1iml of this supernatani, 3ml Drabkin solution was added and left at room temperature for 10 minutes.
ODg40nm Was obtained.

[0141] Reference ODgyg,m Was obtained by mixing 0.25mi SRBC suspension with Drabkin solution to 4m!t and placed

at room temperature for 10 minutes before ODgypn, Was taken.

Hemolysis index = (ODs4qum Of test sampie + reference ODsapnm) X 500

[0142] 6.2 After the humoral immunity study, the mice were killed by cervical vertebra dislocation. Postmorium exam-
ination of the animals was performed. The pathological changes were recorded, and the numbers of melanoma lung

metastasis foci were counted.

Results

1. The effect of peptide on the cellular phagocytosis in BALB/c mice with transplanted 8,55 sarcoma (Methad 2.1)

[0143]
Tablg IV.1. The effectofpeptide on the phagocytosis index of BALB/c mice with transplanted Sypg sarcoma
Group Dose N Phagocytosis index
CMS001 50pgfkg 20 6.24+0,33*
CMS001 Spglkg 19 8.67x£0.43*
CMS034 5pglkg 19 _ 6.20£0.44"
CMS034 0.5pgfkg 20 6.35%1.02*
-2 3x1051U/kg 19 6.96=1.37*
IFN-y 3% 1051U/kg 17 5.45x0.71
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{continued)

Group Dose N Phagocytosis index
Cyclo-phos phamide 20mg/kg 19 5.92+247
Saline 0.5mi 19 5.38x0.85

*: comparing to saline, P<0.05
A: comparing fo rmlFN-y, P<0.05

+

CMS001 at 50pgfkg/day and Spa/kg/day, and CMS034 at Spglkglday and 0.5pglkg/day were faund fo be able toincrease
the phagoeytosis index, having statistically significant difference from the saline group.

2. The effect of peptide on the growth rate of transplanted 845, sarcoma in BALB/G mice (Method 2.2)

[0144]

Table IV.2. The effect of peptide on transplanted S180 tumor growth

Group Dose N Tumor weight(g)  Tumar inhibition index (%)
CMS010 500p.g/kg 20 0.67x0.35" 48.4

CMS034 0.5pg/kg 20 0.83+0.48* 3569

CMS035 Spafkg 20 0.71:+0.37* 4486

-2 3x1051U/kg 20 0.6920.37* 46.2

IFN-y 3% 1051U/kg 18 0.96+0.45 25.3

cyclo-phas phamide  20mg/kg 20 0.68:+0.32* 47.3

Saline 0.5m} 20 1.29+0.50

* comparing to saline group, P<0.05

CMS010 at 500ng/kg/day, CMS034 at 0.5pg/day, and CMS035 at Spglkglday were found to be able to reduce the
growth of the transplanted 3,4, sarcoma, having siatisticaliy significant difference from the saline group (P < 0.05).

3, The effect of peptide on the survival of BALB/c mice with transplanted ascitic fluid type liver caner Hgs (Method 3)

[0145]

Table V.3, The effect of peptide ontlhe survivalindex of BALB/c mice with transplanted ascitic fluid type liver cancerH22

Group Pose N Survival days Survival index (%)
CMS008 Suglkg 20 50.7+20.9*% 67.8
CMS011 Sugfkg 20 36,4222 60.2
CMS024 50ngikg 20 36.3+12.7*88 384
CMS024 5pgalkg 19 40.62-14.6%8% 54.8
CMS024 0.5pafkg 19 46.4£14.8*18&5 76.9
CcMS032 0.5pgfkg 20 42,812,288 63.3
rhil-2 3x1051U/g i8 13.8+0.5

rmiFN-y 3x1081Utkg 20 27.8+7.5 8.1
Cyclo-phos phamide  20mg/kg 20 24.7x10.2

Saline 0.5ml 19 26.2x6.8

*: comparing to saline, P<0.05

A; comparing to rmlFN-y, P<0.05

&: comparing 1o rhiL-2, P<0.05

$: comparing to cyclophosphamide, P<0,05

[0146]

CMS008 at 5pgfkglday, CMS011 at Sparkg/day, CMS024 at 50pglkg/day, CMS024 at 0.5pg/kg/day, and
CMS032 at 0.5ng/kglday were found to be able to prolong the survival of BALB/c mice with transplanted Ha,, ascitic fluid
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type liver cancer, having statistically significant difference from the saline group (P<0.05). it was also observed that in
the group CMS024 0.5p.g/kg/day, more than 30% (n=6} of the mice could survive longer than 90 days {two months after
the experiment ended). Postmortum examination of the mice did not show sign of tumor establishment. CMS024 at
0.5pgfkg/day therefore may interfere with the growth of the transplanted Hy, by interfering with its establishment or
inducing the complete healing of the esiablished cancer.

4. The effect of peptide on T lymphocyte transformation in BALB/c mice with transplanted ascitic fluid type liver cancer
Hzo (Method 4.2)

[0147]

Table IV.4. The effect of peplide on T lymphocyte transformation
Group Dose N Stimulation index
CMS010 500p0/kg 20 1.450.21*%
CMS019 0.5pgfkg 19 1.50£0.19*%
CMS024 0,5p9/kg 19 1.46:+0.19*%
CMS024 5uglkg 20 1.45+0.21*%
CMS034 0.5pgrkg 20 1.37£0.10*
CMS035 0.5pgfkg 20 1.40%0.13*%
CMS035 5pglkg 20 1.464+0,16*%
thil-2 3% 1051U/kg 19 1.46:=0.21*
rmIFN-y 3x1051UMkg 18 1.27+0.14
Cycla-phosphamide  20mg/kg 19 1.01+0.23*
Saline 0.5mi 20 1.25+0.07

*; comparing fo saline, P<0.05
$: comparing to cyclophosphamide, P<0.05

[0148] CMS010 at 500pg/kg/day, CMS018 at 0.5pgikg/day, CMS024 at 0.5ug/kg/day and Spg/kg/day, and CMS035
at 0.5pg/kg/day and Spglkgiday were found to be able to increase the stimulation index of T-lymphocyte, having statis-
tically significant difference from the saline group {P<0.05).

5. The effect of peplide on the NK cell activity in BALB/c mice with transplanted ascitic fluid type liver cancer H,, (Method
4.3)

[0149]

Table IV.5. The eifect of peplide on the NK cell cytotoxic activity index
Group Dose N NK activity index(%)
CMS003 50p.g/kg 17 37.9+£14.5*8
CMS014 0.5pa/kg 17 40,7£19.7*%
ChMS024 0.5p0/kg 18 39.3+18.7+%
CMS024 5uglkg 20 34.9212.18
CMS024 50p.gfkg 20 43,6+13.9"43&
CMS032 5uglkg 20 52.6£12.5%8&
CMS032 50ua/kg 19 41.0+18.7*18%
CMS034 50p.g/kg 20 57.3%17.9*8&
-2 3x1051U/kg 19 26.0+9.0
IFN-y 3% 1051U/kg 18 20.9+3.3
Cyclo-phos Phamide  20mgikg 19 16.5+7.2*
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{continued)
Group Dose N NK activity index(%)
Saline 0.5mi 20 24.0%8.2

*: as compared with saling, P<0.05.

~: as compared with IFN-y, P<0.05.

&: as compared with IL-2, P<0.05,

$: as compared with cyclophosphamide, P<0.05

[0150] CMSO003 at 500p.gfkglday, CMS014 at 0.5ug/kg/day, CMS024 at 0.5ug/kg/day, 5Sugfkg/day, and 50p.g/kg/day,
and CMS034 at 80p.g/kg/day were found to be able to increase the NK cell cyiotoxic activity in the festing animal model,
having statistically significant difference from the saline group (P<0.05).

6. The effect of peplide on the survival of DBA/2 mice with transplanted L,54, leukemia (Method 5)

[0151]
Table IV.6. The effect of peptide on the survival index of testing animals

Group Dose N Survival days  Survivalindex (%)
CMS019 0.5pnglkg 20 21.1+£5.8* 26.8

CMS035 0.5pg/kg 20 29.3+15.4* 76.1

IL-2 3IxX1051U/kg 20 320+13.7* 92.3

iFN-y 3x1051Ukg 20 15.6+2.2

Cyclophos phamide  20mgfkg 20 24,053 44.2

Saline 0.5mi 21 16.6+5.6

*: comparing o saline group, P<0.05

{0152] CMS019 at 0.5pg/kg/day and CMS035 af 0.5pg/kg/day were found to be able to prolong the survival of DBA/
2 mice with transplanted L1210 leukemia, having statistically significant difference from the saline group (P<0.05),

7. The effect of peplide on the humoral immunity of C5;BL/6 mice with transplanted B4g metanoma (Method 6.1}

[0153]
Table IV.7. The effect of peptide on the hemolysis index of C57BL/6 mice with transplanted B16 melanoma
Group ‘Dose N Hemolysis index
CMS001 0.5ng/kg 20 51.0+16.2*%
CMS001 Spglkg 20 41341779
CMS001 50pafkg 19 450+31.9"%
CMS001 500u.a/kg 20 36.0£10.2°S
CMS003 0.5pa/kg 20 61.6+26.9"%
CMS003 Spaikg 20 372+159%
CMS003 50pgika 20 38.7+13.5%%
CMS003 500p.g/kg 20 3.5.9x13.0%
CMS008 0.5pa/kg 19 42.7+18.4*%
CMS008 5uglkg 20 38.9+£12.0°%
CiMs008 50pgikg 20 37.1+18.7*%
CMS008 500n0tkg 20 50.1+17.8*%
CMS010 0.5pgfkg 18 34.9:£10.5'%
CMS010 5pa/kg 20 51.0+14.6*%
CMS010 50pgike 20 30.6£7.7%%
CMS010 500p.0/kg 20 50.1x16.7°%
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{continued)

Group Dose N Hemolysis index
CMS011 0.5pg/kg 20 32.0%14.7*
CMS011 500pa/kg 20 34.4x194%
CMSQ16 500p.a/kg 20 43.3+29.9*
CMS019 0.5ug/kg 20 42,0£12.0%
CMS019 Spalkg 20 3541518
CMS019 50pafkg 20 28.3x7.6*
CMS024 0.5ug/kg 20 43.0+10.7*%
CMS024 Suglkg 20 422+11.8*
CMS024 50ug/kg 20 27.8+9.4*
CMS024 500pgfkg 18 30.1+10.0*
CMS034 0.5pa/kg 18 50.8+18.4*S
CMS034 5uglkg 19 43.0x11,7*8
CMS034 50p.g/kg 20 30.2%10.8*
CMS035 Snglkg 20 38.9x21.2*%
CMS035 50p.a/kg 20 44742278
CMS035 500pgrkg 19 40.5+25.8¢
rhit-2 3x1051U/kg 19 49.3%24.7*
rmlIFN-y 3%1051U/kg 19 60.6%17.4*
Cyclo-phos phamide 20mygfkg 19 20.7+19.1
Saline 0.5m! 20 19.029.1

*: comparing to saline, P<0,05

A; comparing to rmiFN-y, P<0.05

&: comparing to rhil-2, P<0.05

$: comparing to cyclophosphamide, P<0.05

[0154] CMS001, CMS003, CMS008, CMS010, CMS011, CMS016, CMS019, CMS024, CMS034, and CMS035 were
found to be able to enhance the humoral response (increase in hemolysis index) of Cg;BL/6 mice with transplanted Big
melanoma at dosages as shown on Table IV.7, having statistically significant difference from the saline group (P<0.05).

8. The effect of peptide on the survival of inoculated B16 melamona cells in C47BL/8 mice (Method 6.2}

{0155} Postmortum examinalion of animals after the ending of test substance treatment did not show any sign of
existance of B16 metastatic foci in the Jung of mice treated with CMS008 at 0.5u.g/kg/day, Spglkg/day, and 50pglkg/day,

and CMS016 at Spg/kg/day and 500g/kglday.
Conclusion

[0156] In compliance with the Preclinical New Drug Research Guidelines issued by Branch of Drug Administration,
Depariment of Health, PR China in 1993, the effects of peptide on mice with transplanted cancer cells was studied. it

was concluded that

1. CMS01Q, CMS034, and CMS035 at suitable dosage could significantly inhibit the development of transplanted
S4gp Sarcoma in mice;

2. CMS001 and CMS034 at suitable dosage could enhance the phagocytotic immune activities of mice transplanted
with 844, sarcoma;

3. CMS008, CMS011, CMS024, and CMS032 at suitable dosage could prolong the survival of mice transplanted
with ascitic fluid type liver cancer H22;

4. CMS010, CMS8019, CMS024, CMS034, and CMS035 at suitable dosage could enhance T lymphocyte transfor-
mation in mice transplanted with ascitic fluid type liver cancer H22;
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5. CM3003, CMSOM. CMS024, TMS032, and CMS034 at suitable dosage could increase the NK cell cytotoxic
activity of mice transplanted with ascitic fluid type liver cancer H22;

6. CMS019 and CMS035 at suitable dosage could prolong the survival of mice fransplanted with L1210 leukemia;
7. CMS008 and CMS016 at suitable dosage could inhibit the development of transplanted B16 melanoma in mice;

8.CMS001, CMS003, CMS008, CMS010, CMS011, CMS016, CMS019, CMS024, CMS034, and CMS035 at suitable
dosage could enhance the humoral immune response of mice transplanted with 816 melanoma,

Discussion

[o1571 CMS001, CMS003, CMS008, CMS010, CMS011, CMS014, CMS016, CMS019, CMS024, CMS032, CMS034,
CMS3035 may be useful as a part, or on its own, In cancer management in human. For exampis, CMS001, CMS003,
CMS008, CMS010, CMS011, CMST14, CMS016, CMS019, CMS(24, CMS032, CMS034, and CMS035 may be used
toincrease the immunity of cancer patients, CMS008, CMS010, CMS016, CMS034, and CMS035 may be used to interfer
with the growth of cancer cells in patients. CMS008, CMS011, CMS019, CMS024, CMS032, and CMS(38 may be used
to prolong the life expectancy of cancer patients. The peptides may be used on its own, in combinations of two or more
peptides, or in combination with other pharmaceuticals or food supplements as a total coursea for cancer management.

Table IV.8 Peptides Efiective for Cancer

CMS code SEQ ID No.
cMEB001 1
CMS003 27
CMS008 3
CMS010
CMS011 30
CMB014
CMS016 9
CMS019 11,
cMS024 16
CMS032 22
CMS034 24
CMS035 25
Reference
[0158]

1. Principles of Pre-clinical Research of New Drugs, People’s Republic of China. 1993, 7:137-143
2. Principles of Pre-~clinical Research of New Drugs, People’s Republic of China. 1993, 7:128-129

3. Yuanpei Zhang, Huaide Su. Pharmacological experiment {second edition). People’s Health Publishing House.
1998, 137-138

4. Shuyun Xu, Rulian Bian, Xiu Chen. Methodology of pharmacological experiment. People's Health Publishing
House. 1991, 1221-1234

5. Principles of Pre-clinical Research of New Drugs, People's Republic of China, 1883, 7:140
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6. Jinsheng He, Ruizhu Li, Tingyi Zong. The study on MTT reduction method of {esting NK cell activily. China
Immunology Journal. 1996, 1(6); 356-358

7.YaoqginYang, Huchuan Yang, Huihong Tao, etal. The synergic effectof Tween-80 onthe antitumor of hyperthermia-
Experimental studies of mouse melanoma. Cancer Research on Prevention and Treatment, 1999,26(4): 8-12

8. Jian Fu, Jie Zheng, Weigang Fang, et al. Interleukin-12 gene transfection Into murine B16 melanoma cells sup-
presses tumorigenicity and decreases metastatic potential. National Medical Journal of China. 1998,78(8): 627-629

9. Qian Wang. Modem medical experiment method. People's Health Publishing House. 1998, 482-483

10. Qichao Pan, Bin Xu. Cancer pharmacology and chemotherapy. Henan medical university Publishing House.
2000,66-69

11. Yuanpei Zhang, Huaide Su. Pharmacoiogical experiment (second edition}). People's Heaith Publishing House.
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V, THE EFFECT ON THE BODY WEIGHT

[0159] Healthy rats were feeded with high nutrition diet for 5 weeks, with or without simultaneous peptide treatment
(intramuscular 300pg/kg/day). Rats on an ordinary diet with saline injection were used as negative control. After 5 weeks
of treatment, injection was stopped and the same diet was maintained for another three weeks. Body weight data was
collected at once per week interval. Behaviour of the rafs was also cbserved. Rats receiving peptide CMS015 were
found to have stalistically significant lower body weight increase compared with control during the course of peplide
treatment. This frend of decreased body weight gradually reduced after ceasing the CMS015 treatment. It is concluded
that CM38015 at suitable dosage level can reversibly control obesity development induced by over-feeding.

Materials

{0160] Sprague-Dawley {(SD) rais, weighing 145 = 10g, were supplied by the Center of Experimental Animal of
Guangzhou University of Traditional Chinese Medicine, PR China {certificate No.: 20004018). Pepildes were custom
synthesized (of L.-amino acids-origin} by American Peptide Company, Inc., USA, and were diluted to 10p.g/ml in normal
saline. The high and normal nutrition diefs were prepared in compliance with the guideline for pre-clinical research of
anti-obesily drug, issued by SDA (State Drug Adminisiration), PR China {9,

Methods

{0181} Healthy rats were randomized into the experiment, positive control, and negative control groups. 10 rats per
group, half male and half female. The experiment group of rats was feeded with high nulrition diet for 5 weeks with
simultaneous intramuscular injection of 300pa/kg/day peplide, once per day. Positive control group recelvad the same
high nutrition diet but placebo saline injection, while negative control group, used to proof successful establishment of
obesity model, received normal nutrition diet and placebo saline injection. After 5 weeks treatment, injection was stopped
and the same diet was maintained for anather 3 weeks. The rats were weighed at once per week interval. Behaviour of

the rats was also observed.

Statistics

[0162] The daiawere presented as mean % standard deviation. Paired test or single-factor ANOVA was used forinter
and intra group comparison. Statistical stgnificance cut-off was at P£<0.05.

Results

1, Effect of peptide on the body weight of SD rat

[0163)
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A Table V.1 Effect of peptide on the body welght of SD rats

Pasitive Control Group (g} €MS015 Treatment Group {(g)

Male n= Female n=§ | Male n=5 Female n=5
Pre-treatment | 1456+ 136 | 1336 4.6 | 145.6 £ 85 1292+ 33
Week 1 1944145 | 1644 =87 { 1838+ 106 | 167.8 = 8.3
Week 2 2396+ 134 | 1880 £6.4 | 22062122 [ 1760z 11.2°
Week 3 265.0+11.8 | 208.8 = 8.2 | 239.0 + 16.0' | 196.0 + 10.5"
Week 4 2874177 | 227282 | 2582+ 18.1 | 2120 £ 13.5
Week 5 2094+ 212 | 2366109 | 2688 = 17.7" [ 2214 £ 132"
Week 6 3384271 | 2494163 | 2004+ 212" | 2356 = 16.3
Week 7 3492+ 289 | 261.2+ 134 | 3104 x 25.9" | 2422 + 18.8"
Week 8 3744372 | 2556115 | 337.4 £ 30.6 | 2528 £ 225
In comparison with positive control group: p<0.05

[0164] Adthe dose of 300 pg/kg/day, CMS015 was found to be able to fimit the weight gain of obesity rats induced by
overfeeding, having statistically significant difference from the control group (p<0.05). The difference of the treatment
and control groups increased with the length of ireatment. Upon termination of peptide CMS015 treatment in the treatment
group, the difference of the treaiment and control groups gradually reduced and became statistically insignificant after
three weeks, showing that the effect of the peptide on SD rat body weight is reversible.

[0165] During the whole course of the experiment, it was observed that the appetile and activity of all groups of rats

remained normal,

Discussion

[0166] It is concluded that CMS015 at suitable dosage Jeve! can limit the development of obesity induced by over-
feeding. The peplide may putinfo human use for conirol of obesity. The peptides may be used on its own, in combinations
of two or more peplides, or in combination with other pharmaceuticals or food supplements as a total course for obesily
management,

[0167] Inthe present study, administration by intramuscular injection was tested, but ihis does not exclude the possible
effectiveness of the peptide if administered via other alternative routes. The peplides may be administered via intravenous
injection, inframuscular injection, intraperitoneal injection, subcutaneous injection, and subcutaneous implantation, with
or without delivery facilitating device such as liposome, sustain release prolection efc. The peptide may also be admin-
isteredinany form of oral administration like tabiet, capsule, suspension, solution etc, in the usual formwithout modification
or in slow release form, or with or without gastro-enteric protection. The peptide may furlher be applied in any form of
topic appiication like ointment, cream, ge! etc with or without {ransdermal facilitating device, or as inhalant of powder,
dissoived, or as lipasome protected form. The peptide may also be interpreted into its genetic sequence and cloned into
an expression system, on its own or in combination with other peptide sequences, to generate a resulting peptide
molecule to make use of the activily of the peptide as described in this report, with or without purification of the resulting

peplide,
Table V.2 Peplides Effective for Obesity
CMS code SEQ D No.
CMS015 8

References
f0168]

1. 8DA, PR China. The guideline for pre-clinical research of new drugs. 1993
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[0169] "Substeniially pure peptide” refers to peplides that are at least 10%w/w in purity, more preferably 20%, even
more preferably 40% and much more preferably 80% and far more preferably larger than 80% pure: In the most preferred
embodiment, the purity is larger than 99%. The substantially pure peptide can be used io prepare pharmaceutical and
nuiritional formulaiions that may be complex mixtures as described below.

{0170] The use of the above-identified peptide in pharmaceutical formulations may he employed as possible freatment
for immunological disorders or disease having secondary effect on immunity e.g. cancer or infections or any of the
conditions mentioned above. The formulations may contain the peptide mixed with other aclive or inactive constituents,
including other peptides. E.g. two fo several (e.g. 3-5) of the listed peptides may be added to the same formulation with
or without other ingredients. Alternatively, the peptide may be used to prepare the formulation fogether with peplides
not listed here, They can be administered In the form of intravenous, intramuscular, infracutaneocus, subcutaneous or
intradermal. The mode of administration may also be intra-arterial injection that leads directly fo the organ of problem..
Other modes of administration are transdermal, inhalation as powder or spray, and other forms of delivery known by
one in the art. The formulation may also be orally taken, and may contain carriers that can be used to prevent_gastric
digestion of the peplide after oral Intake or any other carriers known In the art (for transdermal such as liposome).
[0171] The pharmaceutical formulation may include any of the known pharmaceutical carrers. Examples of suitable
carriers include any of the standard pharmaceutically accepted carrier known to those skilled in the art. These include
but are not limited to, physiological saline solution, water, emulsions including olf and water mixtures or triglyceride
emulsions, and other types of agents, fillers, coated lablets and capsules. The appropriate carrier may be selected based
on the mode of administration of the pharmaceutical composition.

{0172] The peptide may be administered via infravenous injection, inframuscular injection, infraperitoneal injection,
subcutaneous injection, and subculaneous implantation. The peptide may also be adminislered in any form of oral
administration like tablet, capsule, suspension, solution ete, in the usual form without modification or in slow release
form, or with or without gastro-enteric protection. The peptide may further be applied in any form of topic application like
cintment, cream, gel etc with or without transdermal faciiitating device. The peptide may also be interpreted info its
genetic sequence and cloned inlo an expression system, on iis own or in combination with other pepfide sequences, to
generate a resulting peptide molecule to make use of the activily of the peptide as described in this report.

[0173] The dose of each peptide may be 1ng - 10g per kg body weight. A preferred dose is 10ng - 10mg per kg, and
mare preferably 1pg - Tmg per kg for an injection mode of administration. However, the effective dose can be as low
as Tng per kg body weight, since one or more of the peptides may operate through receplors that will induce a cascade
of normal physiolcgical response. Alternatively, one or more of the peptides can jusi be an initiator for a whole cascade
of reaction. For an oral intake, the amount may be 1ng - 10g per day per kg body weight, more preferably 0.1.g - 1g
per day per kg body weight and even more preferably 1ug - 10mg per day.

VI. Gene Therapy and Method of Treatment

[0174] Gene therapy based on the discovered peptide sequences is performed by designing a nucleic acid sequence
that codes for the peptide. The nuclelc acid may 'be synthesized chemically and operably ligated to a promoter, and
cloned into an expression vectar. The expression vector is then administered into the human body as the form of gene
therapy for expression in the human cell. The term "genetic vectors" as used herein includes these expression vectors.
Vectors thal can be used for gene therapy includes adenc-associated virus (Mizuno, M. et al. (1998). Jpn J Cancer Res
89, 76-80), LNSX vectors (Miller, A.D. et ai. (1993} Methods Enzymol 217, 581-599) and lentivirus (Goldman, M.J. et
al. (1997) Hum Gene Ther 8, 2261-2268).

[0175] Other vehicles for peptide delivery include expression vectors enceding the desired peplide that can be frans-
ferred into an organism which can replicate in the host organism to which it is desired 1o adminisier the peptide without
significant detrimental effects on the healih of the host organism. For example, the expression vectors may be transferred
infe an organism which is not pathogenic to the host organism to which it is desired to administer the peptide.

The expression vector may produce the desired peptide in a bacterial or fungal organism which does not have significant
detrimental effects on the health of the host organism to which the peptide is to be administered. For axample, the
expression vector encoding the desired peptide may be an expression vector which produces the desired peptide in an
organism such as lactic acid bacleria, E. coli, or yeast. The expression vector may produce the desired peptide in a
microbe normally found in the mammalian gut or a microbe tolerated by the mammalian digestive tract. Some of the
microbial species in which the desired peptide can be expressed include, but are not limited to, Lactobacillus species,
such as L. acidophilus, L. amylovorus, L. casei, L. crispatus, L. galiinarum, L. gasser, L. johnsonii, L. paracasei, L,
plantarum, L. reuteri, L. rhamnosusor others; Bifidobacferium species, such as B, adolescentis, B. animalus, B. bifidum,
B. breve, B. infantis, B. lactis, B. longum or others; Enterococcus faecalis or Ent. facium; Sporofactobacilius inulinus;
Baciilus subtilis or Bacillus cereus; Escherichia colf; Propionibacterium freudenreichii; or Saccharomyces cerevisiae

or Saccharomyces boulardii
[01761 Nucleic acid sequences thal encode the peptide of the present invention, chemically synthesized or produced
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by other means, including but not limited to the reverse transcription of MRNA to produce cDNA molecules, are incor-
porated into expression veclors for gene transfer into the desired organisms by methods of genetic engineering familiar
to those of skill in the art. The expression vectors may be DNA vectors or RNA vectors, For example, the expression
vectors may be based on plasmid or viral genetic elements. The expression vectors may be vectors which replicate
extra-chrornoscmally or vectors which integrate into the chromosome.

[0177] The expression vectors comprise a promoter operably linked to a nucleic acid encading a peplide of the present
invention. The promoter may be a regulatable promoter, such as an inducible promoter, or a constitutive promoter. In
some embodiments, the promoter may be selected to provide a desived level of peptide expression. In addition, if desired,
the expression vectors may comprise other sequences to promote the production, presentation and/or secretion of
peptides. in some embodiments a nucleic acid encoding a peptide of the present invention is operably linked to a nucleic
acid sequence which directs the secretion of the peptide. For example, the nucleic acid encoding the peptide of the
present invention may be operably linked to a nucleic acid encoding a signal peptide.,

[0178) In some embodiments, the expression vectors which are engineered to encode the peptide of the present
invention may be expression veclors which are adapted for expressing the peptide of the present invention in a bacteriat
species that makes up the normal gut flora of mammals, such as Lactobacillus species and Baciflus sublilis Examples
of such expression vectors can be foundin US Patents No. 6,100,388, o Casas, and No. 5,728,571, to Bellini, respectively.
These documents are hereby expressly incorporated by reference in their entireties. It will be appreciated that any
expression vector which facilitates the expression of a peptide of the present invention in an organism which is not
detrimental o the health of the host organism to which the peptide is to be administered may be used.

[0179] In some embodiments, the expression vectors which are engineered to encode the pepfide of the present
invention may be expression vectors which are adapted for expressing ihe peptide of the present invention in & yeast
species that is well tolerated by the mammaliam gut , such as Saccharomyces cerevisiae, or, preferably, Saccharomyces
boulardii, which can colonize the human gut and is used to freat certain forms of diarrhea. Yeast expression veclors can
be used that constitutively express helerologous proteins and peptides, are highly stable, thus are well transmitted to
progeny celis during mitosis and mefosis and may comprise coding sequence for a signal peptide or peptides that direct
high levels of recombinant protein secretion. An example of such a yeast vector is given in US Patent No. 6,391,585,
{o Jang et al..

[0180] The expression vectors encoding the peptide of the present invention may be introduced into the organism in
which it is intended {o express the peplides through techniques known in the art. These techniques include traditional
methods of iransforming bacteria, yeast, or other microbes, through the use of chemically competent bacterial cells,
electroporation or lithium acetale fransformation (for yeast), for example, as well as recent advances in the transformation
of bacterial species recalcitrant {o these procedures. The expression vectors may be infroduced info laclic acid bacteria
known fo bE recalcitrant {o transformation using the method disclosed by Leer et al. (WO 85/35389). The introduced
sequences may be incorporated into microbial chremosomal DNA or may remain as extrachrormosomal DNA elements,
f0181] This genetically engineered microbe containing the expression vector can then be inoculated into the alimentary
canal, vagina, trachea etc. {0 achieve sustained immuno-therapy. The organisms expressing the peptide of the present
invention may be ingested in an inactive form or, preferably, in live form. In the gut these microorganisms produce said
peptides, release them into the [umen by sscretion or by lysis of the microorganism or otherwise present the peptides
to the host, whereby the peptides produge their intended effect upon the host organism, Pepfides may be presented to
the host at the mucous membrane of the nasal passages, vagina or the small intestine.

[0182] Another method of the treatment is the use of liposomes as a means for delivering the specific nucleic acid fo
the cells in the human body. The nucleic acid (such as an expression vector containing a nucleic sequence that encodes
the peptide of sequence 1D No.1) is delivered in an environment that encourages cellular uptake and chromosomal
incorporation as described in Gao, X. and Huang, L. {1895) Gene Ther 2, 710-722 and US 8,207,458, Alternatively, the
peptide ifself can be encapsulated in the liposome and delivered directly, using a method described in US6,245,427.
[0183} The nucleic acid sequences useful for the above-mentioned gene therapy and method of treatment include
sequences that code for this peplide. Any one of the numerous nucleic acld sequences may be used to cade for this

peptide based on the degenerate codon system.
[0184] References:

1. Principles of Pre-clinical Research of New Drugs, People's Republic of China, 1983, 7:134-135

2. Shuyun Xu, Rufian Bian, Xiu Chen. Methodology of pharmacological expenment People's Health Publishing
House. 1991, 1221-1234

3. Principle of new drug research in pre-clinic issued by Ministry of Health, People’s Republic of China. 1993, 7:140

4. Jinsheng He, Ruizhu Li, Tingyi Zong, The study on MTT reduction method of testing NK cell activity, China
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5. Qian Wang. Modern medical experiment method. Peoplg’s Health Publishing House. 1998, 482-483
8. Principle of new drug research in pre-clinic issued by Ministry of Health, Peaple's Republic of China, 1993, 7: 141

7. Principle of new drug research in pre-clinic issued by Ministry of Health, People’s Republic of China. 1993, 7;
132-133

8. Principle of new drug research in pre-clinic issued by Ministry of Health, People’s Republic of China. 1993, 7:
128-129

9. Yuanpei Zhang, Huaide Su. Phamalogical experirnent (second edition). People's Health Publishing House. 1688,
137-138

10. Jiatai Li, clinical pharmacology(second edition). People’s Health Publishing House. 1698, 1338-1339.

EXAMPLE 1

Delivery of peptides through genetically engineered Lactobacillus bacterial specles

[0185] Thefollowing is provided as one exemplary method to deliver the peptide of this invention to a host as described
above, A DNA sequence that encodes the peptide is synthesized by chemical means and this DNA sequence is inseried
info an expression veclor using standard techniques of genelic engineering familiar to those skilled in the art. The
expression vector selected contains a constitutive promoter functional in Lactobacilli, a multiple cloning site for the
introduction of DNA sequences in a specific 5' to 3’ crientation as well as a seleclable marker gene that confers resistance
to an antibiotic (fo ald in cloning procedures) and may comprise other sequences to assist in the production andfor
secretion of the peptides, such as signal peptide sequences. An example of such a vector is provided by US Patent No.
5,592,908, to Pavia. Briefly, this patent discusses several known promoters that function in Laclobaciflus species, as
well as a method for digcovering novel promoters in said bacleria, any of which may be operably linked to a nucleic acid
encoding a peptide of the present invention to express the peptide in Lactobacilli. A nucleic acid encading a signal
peptide, such as peptides comprising of 16 fo 35 mostly hydrophobic amino acids that are active in Laclobacillus tactis
desciibed in US Patent No. 5,529,908, cited above, is interposed between the promoter and the nucleic acid encoding
the peptide of the present invention such that the the nucleic acid encoding the signal peptide is in frame with the nucleic
acid encoding the peplide of the present invention.

[0186] |n addition to the coding sequence of the peptide, the DNA sequence synthesized may comprise sequences
fo aid in the ligation and cloning of said DNA into the expression vector. For example, restriction enzyme recognition
sites that correspond to ones found in the multiple cloning site of the vector can be incorporated into the synthesized
DNA at the 5' and 3" ends of the sequence, so that the sequence can be cloned in proper orientation within the vecior.
Both the vector and lhe synthesized DNA, are digested with the particular restriction enzymes, then purified. Ligation
reactions with the vector and the synithesized DNA are followed by transformation into a suitable sirain of E. Coli. The
transformed bacleria are plated on media containing the antibiofic to which the vector confers resistance. A colony of
transformed bacteriais selected for growth cultures and ptasmid preparation procedures; the presence of the synthesized
DNA in the correct orientation is confirmed.

[0187] This expression vector is then transformed into a bacterial host cell of a Lactobacillus species, such as L.
acidophilus. Transformed cells are selected for by virtue of the selectable marker found within the veclor sequence and
the secretion of the peptide may be verified by performing a western blot, performing gel electropharesis of peptides
present in the growih mediumn or other standard techniques, A transformed colony of bacteria is chosen and used to
prepare large-scale cultures of the genetically engineered bacteria. A culture of the genetically engineered bacteria
expressing the desired peptide is grown up and at least a portion thereof is administered to the alimentary canal, vagina,
trachea or other area of the host organism in which the bacteria are able to replicate. If desired, the bacterial cultures
can be treated in a variety of ways o produce a supplement for enteric consumption by the host. These treaiments
include [yophilization or other methods of preserving the bacleria, in addition to combining the bacleria with carrier
agents, such as solutions, solvents, dispersion media, delay agents, emulsions and the like, The use of these agents
fo prepare supplements is well known in the art. For example, the bacieria can be used to make cultured milk products
or other foodstuffs for human consumption, such that the organism expressing the peptide colonizes the gut of the host
organism. A number of different methods for incorporating specific strains of lactic acid bacteria into foodstuffs such as
yogurt, kKimchee, cheese and butter are disclosed in US Palent No. 6,036,952, to Oh. Upon consuming the bacteria
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through one of any number of routes, the engineered organisms can colonize the gut and allow the presentation and/ar
absorption of the peptides of this invention via the mucosal layer of the gut.

EXAMPLE 2

Delivery of peptides through & genetically enginegred form of Bacillus sublilis

[0188] The following is provided as another exemplary method to deliver the peptide of this invention to a host as
described above. A DNA sequence that encodes the peptids is synthesized by chemical means and this DNA sequence
is insered into an expression vector via techniques of genetic engineering, all techniques being known in the art, The
expréssion vector selected comprises a shuttle vector, such as pTZ 18R (Pharmacia, Piscataway, NJ), capable of being
propagatedin both E. Coliand B. Subtilis and containing an antibictic resistance gene for selecting colonies of fransformed
bacteria. This vector can contain a constitutive promoter active in 8. subtilis, such as a promoter derived from the Sac
B gene of B. subtilis as well as a nucleotide sequence encoding a signal or leader peptide active in B. subfilis that directs
efficient export of expressed hsterologous proteins from the bacterial cell, An example of such a vector is disclosed in
US Patent No. 6,268,169, to Fahnestock. Briefly, as detailed above, the DNA encoding a peptide of this invention will
be synthesized with restriction enzymes sites andfor other sequences to facilitate cloning of the DNA through techniques
familiar to those with skill in the art. After transformation into E. Coli,, plating, selection and propagation of the plasmid
to create a plasmid stock, the plasmid is then be transformed into 8. subtilis and transformants are selected by virfue
of resistance to an antibiotic in the plating media.

[0188] Peptide production in and secretion from the genetically engineered B. subtilisis verified using techniques well
known to those with skill in the art, such as radiclabeling of peptides for autoradiographic detection after SDS-PAGE
anaylsis or Western blotting.

[0130] A culture of genetically engineered bacteria is grown up and at least a portion thereof is administered to the
alimentary canal, vagina, frachea or other area of the host arganism in which the bacteria are able to replicate.

EXAMPLE 3

Delivery of peptides through genetically engineered Saccharomyces yeast species

[0191] The following is provided as another exemplary method fo deliver the peplide of this invention to a host as
described above, A DNA sequence that encodes the peptide is synthesized by chemical means and this DNA sequence
is inserted into an expression vector via techniques of genetic engineering, all techniques being known in the art. The
expression vecfor selected comprises a stably maintained yeast protein expression veclor, comprising a constitutive
yeast promoter such as pADH1, sites for replication of the vector in both yeast and £. Cali, a gene or genes that confer
protofrophy to an auxotrophic yeastmutant for selection purposes, a multiple cloning site (MCS) and, if desired, sequences
that code for a signal peptide, Vectors such as this are commercially available and well known in the art or can be readily
constructed using standard techniques After insertion of the synthesized DNA into the yeast vector, transformation into
E. Coli, plating of {ransformed E. Colionto selective media, selection of a fransformed bacterial colony and preparation
of plasmid BNA from a growth culture of bacterfa from said coleny, the vector is fransformed into Saccharomyces
cerevisiae via well-known techniques such as lithium acetate transformation or electroporation. The strain of Saccha-
romycss cerevisiae selected for transformation is a mutant auxotrophic strain that will require a gene an the plasmid in
order to grow on minimal media plates. Transformed yeast colonies are isolated by plafing the yeast on growth media
lacking the gene provided on the vector. Only those yeast that have received the vector and its selective gene and are
expressing that gene product will be able to grow into colonies on the minimal media. Verification of peptide secretion
can be obtained by performing a Western blot, performing gel electrophoresis of peplides present in the growth medium
or olher standard techniques.

[0192] A transformed colony of yeast is chosen and used to prepare large scale cultures, A culture of the genetically
engineered yeast expressing the desired peptide is grown up and at least a portion thereof is administered to the
alimentary canal, vagina, trachea or ofher area of the host organism in which the bacleria are able to replicate. If desired,
the yeast culfures can be treated in a variety of ways to produce a supplement for enteric consumption by the host.
These freatments include lyophilization or other methods of preserving yeast, in addition to combining the bacteria with
carrier agents, such as solutions, solvents, dispersion media, delay agents, emulsions and the like. The use of these
agents to prepare supplements Is weall known in the art. The transformed yeast may be used in the creation of food
products, such as fermented milk products like yogurt and kefir, by techniques known to those skilled in the art. As with
live lactic acid bacterial cultures in these foodsiuffs, the fransformed yeast colonize the gut at least transiently and serve

fo present peptides io the host via the gut lumen.
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Claims:

A substantiaily pure peptide consisting of the amino acid sequence of SEQ 1D NO, 1.

The peptide according to claim 1 wherein said peptide modulates at least one of the following condifions: immune
activities, hepatitis infection, hepatitis B infection and the growth of a cancer.

A pharmaceutical composition comprising a substantially pure peptide consisting of the amino acid sequence of
SEQID NO. 1.

A method of making & pharmaceutical composition comprising providing a substantially pure peptide consisting of
the amino acid sequence of SEQ ID NO. 1 and mixing said substantially puré peptide with a pharmaceutically

acceptable carrier,

A substantially pure peptide consisting of the amino acid sequence of SEQ ID NO. 1 for use in therapy.

Use of a substantially pure peptide consisting of the amino acid sequence of SEQ ID NO. 1 for the manufacture of
a medicament for mbduiating fmmune activities, viral hepatitis or the growth of a cancer.

A substantially pure peptide consisting of the amino acid sequence of SEQ ID NO. 1 for use in modulating immune
aclivities, viral hepatitis or the growth of a cancer. .
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