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USE OF SPORE OF CLOSTRIDIUM GHONII IN COMBINATION WITH
PEMBROLIZUMAB

[0001] The present application claims priority to the Chinese Patent Application No.
CN202111177854.3, filed with the China National Intellectual Property Administration (CNIPA)
on October 09, 2021, and entitled "USE OF CLOSTRIDIUM GHONII SPORE COMBINED
WITH PD-1 ANTIBODY", which is incorporated herein by reference in its entirety.

TECHNICAL FIELD
[0002] The present disclosure belongs to the technical field of biomedicine, and in particular

relates to use of Clostridium ghonii combined with pembrolizumab.

BACKGROUND

[0003] Tumor microenvironment (TME) is a local steady-state environment composed of tumor
cells, stromal cells (including fibroblasts, immune and inflammatory cells, and some vascular
endothelial cells, etc.), extracellular matrix and biomolecules infiltrated therein during a tumor
growth process. The TME provides necessary material basis for tumorigenesis, development,
invasion, etc., and regulates and controls biological behaviors such as tumor metastasis and relapse.
Meanwhile, the TME can increase drug resistance and radiation resistance of tumors and reduces
a treatment effect. Immunomodulation in the TME has an important function in tumorigenesis and
development and leads to local immunosuppression in tumors through a variety of mechanisms.
Therefore, how to regulate a TME-based immunotherapy strategy and remodel an active immune

microenvironment are important for an anti-tumor therapy.

[0004] Pembrolizumab is a PD-1 inhibitor. PD-1 is an important immunosuppressive molecule,
thus a PD-1 antibody shows a significant anti-tumor effect clinically, including a lasting therapeutic
effect on a patient in a late stage metastasis. It is generally accepted that sensitivity to immune
checkpoint blockers depends on tumor neoantigen burden and an infiltration degree and a
composition of immune cells in the TME. Unfortunately, most common cancers do not exhibit
extensive mutation and immune cell infiltration. Thus, tumors are insensitive to the immune
checkpoint inhibitors with a low response rate and the immune checkpoint inhibitors are effective
to only 20% of patients. Therefore, it is also one of major research directions at present to develop

methods enabling the tumors to be more sensitive to immunotherapy.
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[0005] Clostridium ghonii is a strict anaerobe, has a tumor-oriented hypoxic property, and can
only colonize in a tumor hypoxia area. Oncolysis by the Clostridium ghonii can recruit a large
number of immune cells to infiltrate into the TME, including innate immune cells of dendritic cells,
neutrophils, and macrophages, specific immune cells of CD** T, CD*" T, and CD®" T cells, and
thus changes the infiltration degree and the composition of the immune cells in the TME. At the
same time, the oncolysis by the Clostridium ghonii enhances expressions of cytokines and
chemokines such as TNF-a, IFN-y, and IL-6 in tumors. It can be seen that oncolysis by Clostridium
ghonii can affect immunogenicity of a tumor microenvironment (TME) by various ways, converts
an immunosuppressive state of the TME into an immune-activated state, adjusts the
immunosuppressive TME, and breaks an immune tolerance. Therefore, it is possible to effectively

prevent tumors by the Clostridium ghonii combined with the immune checkpoint inhibitor.

SUMMARY
[0006] According to deficiencies of the prior art, the present disclosure provides use of a

Clostridium ghonii spore combined with a PD-1 antibody.

[0007] The present disclosure adopts the following technical solutions.

[0008] Use of a Clostridium ghonii spore combined with pembrolizumab in preparing a

pharmaceutical product for treating colon cancer is provided.

[0009] A drug for treating colon cancer is provided, where the drug includes active ingredients of

a Clostridium ghonii spore and pembrolizumab.

[0010] According the present disclosure, preferably, the Clostridium ghonii may be a Clostridium
ghonii MW-DCG-LCv-26 strain or a strain obtained after domestication of the Clostridium ghonii;
and the Clostridium ghonii MW-DCG-LCv-26 is deposited in the National Measurement Institute,
Australia, with a deposit number of V12/001486. Other preferred strains may be MW-DCG-
HNCv-18 strain, deposited in the National Measurement Institute, Australia, with a deposit number
of V12/001485; or an MW-DCG-CCv-17 strain, deposited in the National Measurement Institute,
Australia, with a deposit number of V12/001487.

[0011] According the present disclosure, preferably, the Clostridium ghonii may be in a spore

form.
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[0012] Preferably, the spore form of the Clostridium ghonii may be freeze-dried powder with an

auxiliary material of 1% sucrose.
[0013] Preferably, the pembrolizumab is a PD-1 antibody injection.

[0014] More preferably, a freeze-drying procedure of the Clostridium ghonii spore freeze-dried
powder for injection includes: freezing at -40°C for 4 h, vacuumizing at -35°C for 10 min, and
freeze-drying at -30°C for 10 min, -25°C for 10 min, -20°C for 26 h, -15°C for 2 h, -10°C for 10
min, -5°C for 10 min, 0°C for 10 min, 10°C for 2 h, 15°C for 10 min, 20°C for 3 h and 27°C for 3
h.

[0015] A preferred pharmaceutical combination of the present disclosure is 1x10” CFU of the
Clostridium ghonii spore freeze-dried powder combined with 0.2 mg of a pembrolizumab injection

at a concentration of 1 mg/mL.

[0016] Further preferably, the pembrolizumab injection has a solvent of a sodium chloride
injection with a mass percentage of 0.9%; and the Clostridium ghonii spore freeze-dried powder
has a solvent of sterile water for injection and a sodium chloride injection with a mass percentage

0f 0.9%.

[0017] Further preferably, the Clostridium ghonii spore combined with pembrolizumab is used in

a sequence of the Clostridium ghonii spore and then the pembrolizumab.
[0018] The present disclosure has the following beneficial effects:

[0019] It is found for the first time that the Clostridium ghonii spore combined with
pembrolizumab can significantly improve a curative effect of colon cancer and reduce a dose of
the pembrolizumab, and thus is efficient and low-toxic. Oncolysis by Clostridium ghonii can aftect
immunogenicity of a tumor microenvironment (TME) by various ways, converts an
immunosuppressive state of the TME into an immune-activated state, adjusts the
immunosuppressive TME, and breaks an immune tolerance. An optimal combination of the
Clostridium ghonii spore and the pembrolizumab thoroughly removes about 20% of mouse tumor
tissues. A benefit range of patients with tumors treated by a PD-1 antibody is expanded. The

combination even has an obvious curative effect on patients failed the treatment by the PD-1
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antibody.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020] FIG. 1A and FIG. 1B respectively show tumor weight and a tumor inhibition rate based
on tumor weight of each group in a CT26.WT colon cancer tumor-bearing mouse model treated
with a Clostridium ghonii spore in Example 1; and data are expressed as: ~ indicates P < 0.05

compared with a Control group; and ** indicates P < 0.01 compared with the Control group;

[0021] FIG. 2A and FIG. 2B respectively tumor weight and a tumor inhibition rate based on tumor
weight of each group in a MC38 colon cancer tumor-bearing mouse model treated with a
Clostridium ghonii spore combined with pembrolizumab in Example 2; and data are expressed as:

* indicates P < 0.05; and ™" indicates P < 0.01;

[0022] FIG. 3 shows a tumor volume change of each group in a MC38 colon cancer tumor-bearing
mouse model treated with a Clostridium ghonii spore combined with pembrolizumab in Example
2; and data are expressed as: ~ indicates P < 0.05 compared with a Control group; ~ indicates P <
0.01 compared with the Control group; * indicates P < 0.05 in a C. ghonii+Pembrolizumab group
compared with a C. ghonii group; and ** indicates P < 0.01 in the C. ghonii+Pembrolizumab group

compared with the C. ghonii group;

[0023] FIG. 4 shows a tumor inhibition rate based on tumor volume at an experimental endpoint
in a MC38 colon cancer tumor-bearing mouse model treated with a Clostridium ghonii spore
combined with pembrolizumab in Example 2; and data are expressed as: " indicates P < 0.05; and

* indicates P < 0.01;

[0024] FIGS. 5A-5C shows a tumor inhibition rate based on tumor volume of each batch in a
MC38 colon cancer tumor-bearing mouse model treated with a Clostridium ghonii spore combined
with pembrolizumab in Example 2; specifically, FIG. 5A shows experiment batch 1, FIG. 5B

shows experiment batch 2 and FIG. 5C shows experiment batch 3;

[0025] FIG. 6 shows morphological photos of tumors of each group in a MC38 colon cancer
tumor-bearing mouse model treated with a Clostridium ghonii spore combined with

pembrolizumab in Example 2;
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[0026] FIG. 7 shows tumor weight of each group in a MC38 colon cancer tumor-bearing mouse
model treated with a Clostridium ghonii spore combined with pembrolizumab in a different

administration sequence in Example 3; and

[0027] FIG. 8 shows a tumor volume change of each group in a MC38 colon cancer tumor-bearing
mouse model treated with a Clostridium ghonii spore combined with pembrolizumab in a different

administration sequence in Example 3.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0028] The present disclosure will be further described in detail below in conjunction with
specific examples. The described examples are only a part of technical solutions listed in the
present disclosure for the convenience of the public to understand. These examples are only used
to illustrate the present disclosure and not to limit the protection scope of the present disclosure.
The protection scope of the present disclosure is defined by the claims.

[0029] Example 1 Therapeutic effect of Clostridium ghonii spore on colon cancer tumor-

bearing mouse model

[0030] Materials: Clostridium ghonii spore dried powder for injection: an MW-DCG-LCv-26
strain was deposited in the National Measurement Institute, Australia, with a deposit number of
V12/001486 and developed by Shandong Xinchuang Biotechnology Co., Ltd. The Clostridium
ghonii spore freeze-dried powder for injection used a Clostridium ghonii spore as an active
ingredient and 1% sucrose as an auxiliary material. A freeze-drying procedure included: freezing
at -40°C for 4 h, vacuumizing at -35°C for 10 min, and freeze-drying at -30°C for 10 min, -25°C
for 10 min, -20°C for 26 h, -15°C for 2 h, -10°C for 10 min, -5°C for 10 min, 0°C for 10 min, 10°C
for 2 h, 15°C for 10 min, 20°C for 3 h and 27°C for 3 h. The freeze-dried powder had a specification
of 1x10® CFU/bottle. A reference substance freeze-dried powder had a batch number: 201803001F,
and was developed by Shandong Xinchuang Biotechnology Co., Ltd., by the above freeze-drying
procedure with 1 mL of a 1% sucrose solution. A 0.9% sodium chloride injection had a batch
number: 1803122161, and was commercially available in CISEN Pharmaceutical Co., LTD. Sterile
water for injection had a batch number: 1704242163, and was commercially available in CISEN
Pharmaceutical Co., LTD. CT26.WT colon cancer cells had a number of 3131C0001000800037

and were deposited in Cell Resource Center, Shanghai Institutes for Biological Sciences, Chinese
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Academy of Sciences. BALB/c female mice, with animal qualification certificate numbers:
No.11401300088557 (120 mice), No.11401300089721 (60 mice), and No.11401300089721 (60

mice), were commercially available in Beijing HFK Bioscience Co., Ltd.

[0031] Methods: the CT26.WT cells were recovered and passaged to the required number, and
prepared into a cell suspension for inoculation with a concentration of 7.5x10° cells/mL and a cell
viability over 90% to establish a subcutaneous xenograft model for colon cancer in the BALB/c
mice. 0.2 mL of the cell suspension was subcutaneously inoculated on right forelimbs of the mice.
Experimental animals with a tumor volume of about 0.30 cm® were selected for an experiment in
about 10 days. The tumor-formation conforming mice were randomly divided into 4 groups by
lottery: control group (Control), low-dose treatment group (L C. ghonii), medium-dose treatment
group (M C. ghonii), and high-dose treatment group (H C. ghonii), with 8 mice in each group. The
Clostridium ghonii spore dried powder was first re-dissolved with 0.1 mL of sterile water for
injection and then prepared into suspensions with concentrations of 5107 cfu/mL, 1x108 cfu/mL,
and 2x10% cfu/mL separately using a sodium chloride injection with a mass percentage of 0.9%.
The mice were intratumorally injected with 0.1 mL of the suspensions separately once every other
day for a total of 5 times at a dose of 5x10° cfu/time, 1x107 cfu/time, and 2x107 cfu/time separately.
The mice in the control group were injected with a reference substance at a concentration the same
as that of the suspension in the high-dose treatment group. After the administration began, animal
behaviors, death, near-death, and other clinical symptoms were observed every day. All surviving
animals were dissected on the 2nd day after the last administration. Tumor weight was weighed
and a tumor inhibition rate based on the tumor weight was calculated. Tumor inhibition rate based
on tumor weight (IRtw%)=(average tumor weight of control group-average tumor weight of
experimental group)/average tumor weight of control groupx100%. 3 batches of independent

repeated experiments were conducted separately using the experimental method.

[0032] Results: during the experiment, all animals in 3 batches of the experiments did not show
near-death/death. At the end of the experiments, the average tumor weight of the tumor-bearing
mice in each group and the tumor inhibition rate in the treatment groups in 3 batches of the

experiments were shown in Table 1 and Table 2 separately.

[0033] Table 1 Average tumor weight of tumor-bearing mice in each group (g)
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[0034]

Experiment H C. ghonii
Control group | L C. ghonii group | M C. ghonii group
batch group
1 2.85+0.59 1.98+0.76 1.84+0.67 2.45+0.34
2 4.15+0.51 2.00+0.61 2.23+0.78 2.50+0.71
3 2.69+0.52 1.73£0.56 1.72+0.42 1.93+0.39

[0035] Table 2 Tumor inhibition rate based on tumor weight (%) in treatment groups

[0036]
Experiment
L C. ghonii group M C. ghonii group H C. ghonii group
batch
1 30.40 35.58 14.12
2 51.90 46.17 39.79
3 35.46 35.97 28.06

[0037] The tumor weight of the mice in the treatment groups in each batch was separately smaller
than that of mice in the Control group, and a best anti-tumor effect was shown in the M C. ghonii
group (FIG. 1A). An inhibitory effect on tumor growth was shown in the treatment groups of each
dose, a best tumor inhibition rate based on tumor weight was shown in the M C. ghonii group in
experiment batches 1 and 3, and a best tumor inhibition rate based on tumor weight was shown in
the L C. ghonii group in experimental batch 2. Statistical analysis based on the results of 3 batches
of the experiments showed that the tumor inhibition rate based on tumor weight in the H C. ghonii
group was significantly different from that in the Control group (P < 0.05) and the tumor inhibition
rate based on tumor weight in the L C. ghonii group and the M C. ghonii group was separately
extremely significant different from that in the Control group (both P <0.01) as shown in FIG. 1B.

[0038] In conclusion, the Clostridium ghonii spore freeze-dried powder had an inhibitory effect
on growth of colon cancer and the effect was better in the M C. ghonii group (1x107 cfu/time) than

in other treatment groups. Therefore, a preferred dose of the C. ghonii combined with
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pembrolizumab in a next experiment was 1x107 cfu/time.

[0039] Example 2 Therapeutic effect of Clostridium ghonii spore combined with

pembrolizumab on PD-1 humanized transgenic colon cancer tumor-bearing mouse model

[0040] Materials: Clostridium ghonii spore dried powder for injection was developed by
Shandong Xinchuang Biotechnology Co., Ltd., and a preparation method was the same as that in
the Materials of Example 1; a pembrolizumab injection had a batch number of S001188 and a
specification of 100 mg/4 mL, and was commercially available in Merck & Co., Inc.; reference
substance freeze-dried powder had a batch number of 201910002F and 201803001F and was
developed by Shandong Xinchuang Biotechnology Co., Ltd., and a preparation method was the
same as that in the Materials of Example 1; a 0.9% sodium chloride injection had a batch number
of 1809282161 and was commercially available in CISEN Pharmaceutical Co., LTD.; sterile water
for injection had a batch number of 1902212162 and was commercially available in CISEN
Pharmaceutical Co., LTD.; MC38 colon cancer cells had a Art.No. T1917 and were commercially
available in Abm Biotechnology Co., Ltd.; and C57BL/6 PD-1 humanized genetically engineered
mice, with an animal certificate number of No.20170010002500 (90 mice), No.312024300008757
(35 mice) and No.20170010001319 (50 mice), were commercially available in Shanghai Model

Organisms.

[0041] Methods: the MC38 cells were recovered and passaged to the required number, and
prepared into a cell suspension for inoculation with a concentration of 7.5x10° cells/mL and a cell
viability over 90% to establish a subcutaneous xenograft model for colon cancer in the C57BL/6
PD-1 humanized genetically engineered mice. 0.2 mL of the cell suspension was subcutaneously
inoculated on right forelimbs of the mice. Experimental animals with a tumor volume larger than
0.15 cm® were selected for an experiment in about 10 d. The screened conforming mice were
randomly divided into 4 groups by lottery: control group (Control) , Clostridium ghonii spore
treatment group (C. ghonii), pembrolizumab group, and Clostridium ghonii spore combined
pembrolizumab group (C. Ghonii+Pembrolizumab), with more than or equal to 5 mice in each
group. The Clostridium ghonii spore dried powder was first re-dissolved with 0.1 mL of sterile
water for injection and then prepared into a suspension with a concentration 1x10® cfu/mL using
a sodium chloride injection with a mass percent of 0.9%. The mice were intratumorally injected
with 0.1 mL of the suspension at a dose of 1x107 cfu/time in the C. ghonii group and the C.

Ghonii+Pembrolizumab group and at a dose of 0 cfu/time in the Control group and the

8
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Pembrolizumab group once every other day for a total of 6 times. The pembrolizumab injection
was diluted into a 1 mg/mL working solution using the 0.9% sodium chloride injection. The mice
were intraperitoneally injected with 0.2 mL of the working solution in the Pembrolizumab group
and the C. Ghonii+Pembrolizumab group at 0.2 mg/time and intraperitoneally injected with 0.2

mL of the 0.9% sodium chloride injection twice every week for a total of 4 times.

[0042] The mice were firstly administrated with the Clostridium ghonii spore and then a PD-1
antibody in the following administration sequence: Clostridium ghonii spore was injected every
other day from the Ist day; and pembrolizumab was injected on the 3rd, 6th, 9th and 13rd day

separately.

[0043] Observation and evaluation indicators: after the administration began, animal behaviors,
death or near-death were observed every day. A tumor volume was observed every other 1-2 d and
a tumor inhibition rate was calculated based on the tumor volume measured at a last time of the
experiment. All surviving animals were dissected on the 2nd day after the last administration.

Tumor weight was weighed and a tumor inhibition rate based on the tumor weight was calculated.

0044] Tumor inhibition rate based on tumor weight (IRtw% )=(average tumor weight of control
g g g

group-average tumor weight of experimental group)/average tumor weight of control groupx100%.

[0045] Tumor inhibition rate based on tumor volume (IRTw%)=1-(average tumor volume of
experimental group at a beginning-average tumor volume of experimental group at an
end)/(average tumor volume of control group at a beginning-average tumor volume of control

group at an end)*x100%.

[0046] Cure rate (%) = number of cured animals in each group/total number of experimental

animals in each groupx100% (at an end of the experiment).

[0047] 3 batches of independent repeated experiments were conducted separately using the

experimental method.

[0048] Results: during the experiment, 1 mouse in the control group of experiment batch 1 was

dead, but mice in other batches or other groups did not show death or near-death.
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[0049] 1. Average tumor weight and tumor inhibition rate of tumor-bearing mice in each group

[0050] The average tumor weight of the tumor-bearing mice in each group in 3 batches of the
experiments was shown in Table 3 separately. The average tumor weight of the mice in each
treatment group was smaller than that of the mice in the Control group, and the tumor weight of
the mice in the C. ghonii+Pembrolizumab group was smaller than that of the mice in any single
drug treatment group, and was extremely significant lower than that of mice in the Control group
(P <0.01). The average tumor weight of the mice in the C. ghonii+Pembrolizumab group was also
significantly smaller than that of mice in the single C. ghonii group and the single Pembrolizumab

group separately (both P <0.05) (FIG. 2A).

[0051] Table 3 Average tumor weight of tumor-bearing mice in each group (g)

[0052]
Experiment C.
Control C. ghonii Pembrolizumab
batch ghonii+Pembrolizumab
group group group
group
1 3.46+1.33 2.24+0.74 0.83+0.74 0.18+0.19
2 7.97£2.46 5.424+1.70 1.92+1.42 0.56+0.45
3 6.41£1.46 3.60£1.09 2.48+1.40 0.86+0.79

[0053] Statistical analysis based on the results of 3 batches of the experiments showed that an
inhibitory effect on tumor growth was exhibited in each treatment group with a tumor inhibition
rate above 30%. The tumor inhibition rate: C. ghonii+Pembrolizumab group > Pembrolizumab
group > C. ghonii group (FIG. 2B). After administration of the pembrolizumab at a same dose, the
tumor inhibition rate in the C. ghonii+Pembrolizumab group increased by approximately 20%,

20%, and 25% separately compared with that in the single Pembrolizumab group (Table 4).

[0054] Table 4 Tumor inhibition rate based on tumor weight (%) in treatment groups

10
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[0055]

Experiment C. ghonii
Pembrolizumab group C. ghonii+Pembrolizumab group
batch group
1 35.33 76.04 94.76
2 32.03 75.95 92.95
3 43.82 61.27 86.61

[0056] 2. Average tumor volume and tumor inhibition rate of tumor-bearing mice in each group

[0057] Before the experiment began, there was no significant difference in the average tumor
volume of mice in each group of each batch (all P > 0.05). At an end of administration of the
tumor-bearing mice in experiment batch 3, the tumor volume of mice in the C. ghonii group, the
Pembrolizumab group, and the C. ghonii+Pembrolizumab group was significantly smaller than
that of mice in the Control group separately (P = 0.001, P = 0.000053, and P = 0.000). The tumor
volume of the mice in the C. ghonii+Pembrolizumab group was obviously smaller than that of
mice in the C. ghonii group and the Pembrolizumab group. Besides, on the 10th day, there was a
significant difference in the average tumor volume between the C. ghonii+Pembrolizumab group
and the Control group. Meanwhile, the tumor volume of the mice in the C. ghonii+Pembrolizumab

group was nearly 1 time smaller than that of the mice in the Pembrolizumab group (FIG. 3).

[0058] The tumor inhibition rate was calculated based on the tumor volume. During 3 batches of
the experiments, the tumor inhibition rate in the C. ghonii+Pembrolizumab group was higher than

that in the other groups (FIG. 4).

[0059] On the 7th day after administration in 3 batches of the experiments, the pembrolizumab
was administered twice. After the pembrolizumab was administered at a dose of 0.4 mg, the tumor
inhibition rate in the C. ghonii+Pembrolizumab group was 51.29% (greater than 50%), 49.78%
(approximately 50%), and 59.33% (greater than 50%) separately, while the tumor inhibition rate
in the single Pembrolizumab group was 25.67%, 7.68%, and 35.10% separately. After the mice in
the single Pembrolizumab alone group were administered 3 times with pembrolizumab at a total
dose of 0.6 mg, the tumor inhibition rate reached that of the C. ghonii+Pembrolizumab group when

the pembrolizumab was administered twice (at a total dose of 0.4 mg), and were 69.31%, 52.83%,

11
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and 53.08% separately (FIGS. 5A-5C). It can be seen that an anti-tumor effect of the
pembrolizumab was significantly improved in the C. ghonii+Pembrolizumab group. The dose of
the pembrolizumab required to obtain a same therapeutic effect in the C. ghonii+Pembrolizumab

group was reduced by 50%, thus high efficiency and low toxicity were reached.

[0060] 3. Cure rate

[0061] About 20% (1/6, 1/5, and 1/6) of mouse tumors were completely eliminated in 3 batches
of the experiments in the C. ghonii+Pembrolizumab group (Table 5), and no tumor growth was
seen at the end of the experiments. But no complete tumor elimination was shown in the
Pembrolizumab group and the C. ghonii group, that is, the cure rate was 0%. This may due to the
fact that a Clostridium ghonii spore germinated in a hypoxic area of a tumor, could affect
immunogenicity of a tumor microenvironment (TME) by various ways, converted an
immunosuppressive state of the TME into an immune-activated state, adjusted the
immunosuppressive TME, and broke an immune tolerance. Combined with the pembrolizumab, a
therapeutic effect of the PD-1 antibody can be further enhanced, and about 20% of the mice were
cured. The Clostridium ghonii was expected to become an excellent "sensitizer" for

immunotherapy of a patient with a tumor. Morphology of tumors of each group was shown in FIG.

6.

[0062] Table 5 Cure rate (%)

[0063]
C.
Experiment Control C. ghonii Pembrolizumab
ghonii+Pembrolizumab
batch group group group
group
1 0 0 0 16.7
2 0 0 0 20.0
3 0 0 0 16.7

[0064] Example 3 Influence of administration sequence of Clostridium ghonii spore and

pembrolizumab on therapeutic effect on PD-1 humanized transgenic colon cancer tumor-
12
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bearing mouse model

[0065] Materials: Clostridium ghonii spore dried powder for injection was developed by
Shandong Xinchuang Biotechnology Co., Ltd., and a preparation method was the same as that in
the Materials of Example 1; a pembrolizumab injection had a batch number of S006648 and a
specification of 100 mg/4 mL, and was commercially available in Merck & Co., Inc.; reference
substance freeze-dried powder had a batch number of 201910002F and was developed by
Shandong Xinchuang Biotechnology Co., Ltd., and a preparation method was the same as that in
the Materials of Example 1; a 0.9% sodium chloride injection had a batch number of J18070104
and was commercially available in Shandong Hualu Pharmaceutical Co. Ltd.; sterile water for
injection had a batch number of 1902212162 and was commercially available in CISEN
Pharmaceutical Co., LTD.; MC38 colon cancer cells had a Art.No. T1917 and were commercially
available in Abm Biotechnology Co., Ltd.; and C57BL/6 PD-1 humanized genetically engineered
mice, with an animal certificate number of No.20170010002500 (90 mice), were commercially

available in Shanghai Model Organisms.

[0066] Methods: A subcutaneous xenograft model for MC38 colon cancer in the C57BL/6 PD-1
humanized genetically engineered mice was established with a same method as Example 2. The
successfully modeled mice were randomly divided by lottery into A: control group (Control), B:
Clostridium ghonii spore group (C. ghonii), C: Pembrolizumab group, D: first Pembrolizumab and
then C. ghonii group, E: first C. ghonii and then Pembrolizumab group, F: C.
ghonii+Pembrolizumab simultaneous group, 8 mice in each group; the C. ghonii was administrated
at a dose of 0 cfu/time, 1x107 cfu/time, 0 cfu/time, 1x107 cfu/time, 1x107 cfu/time and 1x10’
cfu/time correspondingly, with an administration volume of 0.1 mL/time, once every other day;
and 0.2 mL of 1 mg/mL of a Pembrolizumab injection was administered intraperitoneally, at a dose
of 0.2 mg/time, once every other day. An administration process in a first stage was shown in Table

6.

[0067] Table 6 Administration process in first stage

[0068]
Groupi First Second Third
Last administration
ng administration administration administration
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C. C. C. C.
Pembrolizu Pembrolizu Pembrolizu Pembrolizu
ghon ghon ghon ghon
mab mab mab mab
il il ii il
A
B | W v y v
c v v v v
D v v v v v v
E| A v v v v v
Pl v v v v v v v

[0069] After the administration in the first stage, the mice were observed for 6 days. The

administration process was repeated in a second stage as in the first stage.

[0070] Observation and evaluation indicators: after the administration began, animal behaviors,
death or near-death were observed every day. A tumor volume was observed every other 1-2 d and
a tumor inhibition rate was calculated based on the tumor volume measured at a last time of the
experiment. All surviving animals were dissected on the 8th day after the last administration of the
second stage. Tumor weight was weighed and a tumor inhibition rate based on the tumor weight

was calculated.

[0071] Tumor inhibition rate based on tumor weight (IRTw%)=(average tumor weight of control

group-average tumor weight of experimental group)/average tumor weight of control groupx100%.

[0072] Cure rate (%) = number of cured animals in each group/total number of experimental

animals in each groupx100% (at an end of the experiment).

[0073] Results: during the experiment, 4 mouse in the Control group were dead due to oversized

or ruptured tumors, but mice in other groups did not show death or near-death.

[0074] 1. Tumor weight and tumor inhibition rate
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[0075] Compared with the Control group, the tumor weight in the C. ghonii group, the
Pembrolizumab group, the first Pembrolizumab and then C. ghonii group, the first C. ghonii and
then Pembrolizumab group, and the C. ghonii+Pembrolizumab simultaneous group was separately
significantly smaller than that in the Control group (P = 0.005, P = 0.000, P = 0.000, P = 0.000,
and P = 0.000). The tumor weight of mice in each group was shown Table 7 and FIG. 7.

[0076] Table 7 Tumor weight

[0077]
First First C.
C. Pembrolizum | ghonii and C. ghonii+
Groupin | Control Pembrolizum
ghonii ab and then then Pembrolizum
g group ab group
group C. ghonii Pembrolizum ab group
group ab group
Tumor
7.43+2. | 4.65+£1.
weight 1.7742.08™ | 0.95£1.29" | 0.54+0.69"" | 0.58+0.56"
66 72
(2)

[0078] Note: * indicates P < 0.01 compared with the Control group.

[0079] The tumor inhibition rate was calculated according to tumor weight. The results showed
that the tumor inhibition rate in the C. ghonii group, the Pembrolizumab group, the first
Pembrolizumab and then C. ghonii group, the first C. ghonii and then Pembrolizumab group, and
the C. ghonii+Pembrolizumab group was 37.39%, 76.20%, 87.26%, 92.71%, and 92.19%
separately. A significant inhibitory effect on tumor growth was shown in each treatment group

(Table 8).

[0080] Table 8 Tumor inhibition rate
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[0081]

First First C. ghonii
C. C. ghonii
Pembrolizumab | Pembrolizumab and then
Grouping | ghonii +Pembrolizumab
group and then C. Pembrolizumab
group group
ghonii group group
Tumor
inhibition | 37.39 76.20 87.26 92.71 92.19
rate (%)

[0082] 2. Tumor volume and tumor inhibition rate

[0083] Before the treatment, there was no significant difference in the tumor volume of the tumor-

bearing mice in each group (all P > 0.05). At the end of the administration, the tumor volume of

the mice in the C. ghonii group, the Pembrolizumab group, the first Pembrolizumab and then C.

ghonii group, the first C. ghonii and then Pembrolizumab group, and C. ghonii+Pembrolizumab

simultaneous group was separately significantly smaller than that of the mice in the Control group

(P =0.002, P =0.000, P=0.000, P=10.000, and P = 0.000, FIG. 8). The tumor inhibition rate:

first C. ghonii and then Pembrolizumab group > C. ghonii+Pembrolizumab simultaneous group >

first Pembrolizumab and then C. ghonii group > Pembrolizumab group > Control group as shown

in Table 9.

[0084] Table 9 Tumor inhibition rate

[0085]
C. First First C. ghonii
C. ghonii+
Groupin | Contro | ghoni | Pembrolizuma | Pembrolizuma and then
Pembrolizuma
g 1 group i b group b and then C. | Pembrolizuma
b group
group ghonii group b group
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Tumor
inhibitio
n rate

0,

40.99

79.07

87.36

93.62

93.42

[0086] 3. Cure rate

[0087] During the experiment, the cure rate of the mice in each group was shown in Table 10.

[0088] Table 10 Cure rate

[0089]
C. First First C. ghonii
C. ghonii+
Groupin | Contro | ghoni | Pembrolizuma | Pembrolizuma and then
Pembrolizuma
g 1 group i b group b and then C. | Pembrolizuma
b group
group ghonii group b group
cure rate
0 0 0 12.5 25 12.5
(%)

[0090] The tumor cure rate of the mice in the first C. ghonii and then Pembrolizumab group was

significantly higher than that of the mice in other groups, and was twice the cure rate of the first

Pembrolizumab and then C. ghonii group and C. ghonii+Pembrolizumab simultaneous group. This

may be due to the fact that intratumoral administration of the Clostridium ghonii spore was

effective in lysing tumor tissue without distinguishment and destroying the TME. At the same time,

oncolysis by the bacteria could recruit immune cells to infiltrate into the TME, and changed the

infiltration degree and the composition of the immune cells in the TME. A cell lysate would attract

a large number of CD8" T cells to aggregate. The PD-1 antibody treatment was conducted after

the oncolysis by the bacteria, avoids immunosuppression in immunotherapy, launched a large-

scale attack of T cells on tumor cells, and thus plays a “double” anti-cancer effect. Therefore, the
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administration sequence was also critical to the therapeutic effect on the tumors when the oncolysis

by the bacteria combined with the immunosuppressive agent.

[0091] In conclusion, the first Clostridium ghonii spore treatment then combined with the
immunotherapy could enhance an anti-tumor effect, reduced a dose of the immune drug, and thus

was efficient and low-toxic.

[0092] Although the above example has described the present disclosure in detail, it is only a part
of, not all of, the examples of the present disclosure. Other examples may also be obtained by
persons based on the example without creative efforts, and all of these examples shall fall within

the protection scope of the present disclosure.
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WHAT IS CLAIMED IS:

1. Use of a Clostridium ghonii spore combined with pembrolizumab in preparing a

pharmaceutical product for treating colon cancer.

2. The use according to claim 1, wherein the Clostridium ghonii spore is used before the

pembrolizumab.

3. The use according to claim 2, wherein the Clostridium ghonii spore is a Clostridium ghonii

spore freeze-dried powder for injection.

4. A drug for treating colon cancer, comprising active ingredients of a Clostridium ghonii spore

and pembrolizumab.

5. The drug according to claim 4, wherein the Clostridium ghonii is a Clostridium ghonii MW-
DCG-LCv-26 strain or a strain obtained after domestication of the Clostridium ghonii; and the
Clostridium ghonii MW-DCG-LCv-26 strain is deposited in the National Measurement Institute,
Australia, with a deposit number of V12/001486.

6. The drug according to claim 4, wherein the strain obtained after domestication of the
Clostridium ghonii is an MW-DCG-HNCv-18 strain deposited in the National Measurement
Institute, Australia, with a deposit number of V12/001485.

7. The drug according to claim 4, wherein the strain obtained after domestication of the
Clostridium ghoniiis an MW-DCG-CCv-17 strain deposited in the National Measurement Institute,
Australia, with a deposit number of V12/001487.

8. The drug according to claim 4, wherein in the drug, the Clostridium ghonii spore is a
Clostridium ghonii spore freeze-dried powder for injection with an auxiliary material of 1%

SucCrose.

9. The drug according to claim 8, wherein a freeze-drying procedure of the Clostridium ghonii
spore freeze-dried powder for injection comprises: maintaining -40°C for 4 h, vacuumizing, and
freeze-drying at -35°C for 10 min, -30°C for 10 min, -25°C for 10 min, -20°C for 26 h, -15°C for
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2 h, -10°C for 10 min, -5°C for 10 min, 0°C for 10 min, 10°C for 2 h, 15°C for 10 min, 20°C for
3 h and 27°C for 3 h.

10. The drug according to claim 4, wherein the pembrolizumab is a PD-1 antibody injection.

11. The drug according to claim 4, wherein every 1x107 CFU of the Clostridium ghonii spore

is combined with 0.2 mg of a pembrolizumab solution at a concentration of 1 mg/mL.

12. The drug according to claim 11, wherein the pembrolizumab solution has a solvent of a

sodium chloride injection with a mass percentage of 0.9%.

13. The drug according to claim 11, wherein the Clostridium ghonii spore is the Clostridium
ghonii spore freeze-dried powder for injection, and the Clostridium ghonii spore freeze-dried
powder for injection has a solvent of sterile water for injection and a sodium chloride injection
with a mass percentage of 0.9%.

14. Use of the drug according to any one of claims 3 to 13 in treating colon cancer.

15. The use according to claim 14, wherein the Clostridium ghonii spore is administered

before the pembrolizumab.
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