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Research Proposal

“Research Grants for Talented Young Researchers”

1. Project title

Repurposing drugs targeting GABA-B2 receptor and interleukin-1p to improve therapeutic

outcomes of cholangiocarcinoma patients with diabetes mellitus
2. Project duration

2 years
3. Total budget

1,000,000 Baht
4. Principal investigator and Co-Investigator

Pl: Charupong Saengboonmee, M.D., Ph.D.

Department of Biochemistry, Faculty of Medicine, Khon Kaen University
Mentor: Prof. Sopit Wongkham, Ph.D.
Department of Biochemistry, Faculty of Medicine, Khon Kaen University

5. Abstract

Diabetes mellitus (DM) is defined as a risk factor for several cancers, including
cholangiocarcinoma (CCA). The reports from Ministry of Public Health of Thailand have
demonstrated that the mortality of DM and liver cancer (majorly CCA) are almost overlapped in
the same geographical area of the Northeast. Our previous reports strongly supported the
epidemiological observation that diabetogenic level of glucose significantly increased the
aggressive phenotypes of CCA cells and the hyperglycemia of patients with CCA is associated with
the activated pro-carcinogenic STAT3 pathways in turnor tissues. However, the molecular linkage
between DM and CCA is not fully understood. Our comparative transcriptomic analysis in CCA
cells cultured in normal and high glucose condition showed that GABA-B2 receptor (GABBR2) and
interleukin (IL)-1B were the top upregulated genes under high glucose condition. GABA receptors
P (unspeclﬂed subtype) has been reported with its high potential to be a target of CCA treatment

but its foles under diabetic condition is unknown, whereas IL1B plays important role ‘fn dlabetic
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treatment, especially CCA patients with DM. Our preliminary results also showed that GABBRZ
expression is associated with prognostic clinicopathological characteristics of patients with CCA
suggesting its clinical significance. This research project, therefore, aims to investigate the
biological roles of GABBR2 and IL1B, and the possibility of targeting these molecules to suppress
the aggressiveness of CCA, of which the effects of their inhibitors might be translated to clinical
research for repurposing study. The knowledge of this study not only fulfills the understanding of
association between DM and CCA but also provides the information for repurposing GABBR2 and
IL1B inhibitors for CCA treatment. The findings might be benefit for the improvement of CCA

treatment outcome and shorten time and budget for drug development against CCA.

6. Keywords (3-5 words)

Diabetes mellitus, cholangiocarcinoma, cancer progression, drug repurposing

7. Research area / Sub area of this project

Fnenmansnsunmduazaunn/nakungnug

8. Introduction to the research problem and its significance

Diabetes Mellitus (DM), a chronic non-communicable disease characterized by high
plasma glucose level, is a major problem worldwide in both industrialized and agricultural
countries. Approximately 463 million people worldwide are suffering from DM and its
complications, and the number is predicted to increase up to 700 million by the year 2045 (1).
DM and its consequences, e.g., hyperglycemia, hyperinsulinemia, systemic low-grade
inflammation, are associated with the complications in various organs and systems (2). Apart from
the well-established vascular complications, DM is also associated with the carcinogenesis and
progression of several cancers (3,4). The effects of diabetogenic conditions have been reported

in many cancers including hepatocellular carcinoma (HCC) (5) and cholangmcarcmoma (cca) (6).
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CCA, the malignancy of bile duct epithelia, is considered as a rare disease in the western
countries, of which the incidence is now globally increasing (8). CCA is the major type of liver
cancer recorded in Thailand (9) with the highest incidence has been reported in the Northeast.
The major risk factor of CCA development in the Northeast of Thailand is the infection of liver
fluke, Opisthorchis viverrini (10). However, less than 1% of liver fluke infected people developed
CCA (11), indicating that other risk factors might also play the essential roles in the carcinogenesis
and progression of CCA. From the data recorded by the Thai Ministry of Public health between
1998-2008, it is documented that the mortality rates of liver cancer and DM are specified in the
Northeast region compared with the other parts of the country (12). Moreover, the areas with high
mortality rate of liver cancer were almost geographically overlapped with those of DM (Figure 1).
Approximately 60% of CCA patients admitted for operation at Srinagarind Hospital, Khon Kaen
University, had fasting plasma glucose levels in prediabetes or DM range (= 100 mg/dL) (13). These
observations lead us to hypothesize that DM, particularly hyperglycemia, might be a risk factor
that promotes development and progression of CCA in the northeastern Thailand. From our
experience, the positive association of high glucose and the progression of CCA have been proved
in CCA cell lines and tumor tissues from CCA patients (6). STAT3 and NF-kB were identified as the
key signal pathways and potential targets of CCA treatment under hyperglycemic condition (14).
The inhibitors of both pathways, i.e, dehydroxymethylepoxyquinomicin (DHMEQ), Stattic, and
metformin also showed a potent effect on CCA cells (15). However, Stattic and DHMEQ remain in
preclinical and clinical trial studies and not yet available in clinical practice (16,17), while
metformin requires supra-therapeutic dose to inhibit cancer cells which increased the risk of
toxicity (18). The study of alternative targets and their appropriate inhibitors are, hence, needed
to improve the therapeutic outcome of CCA patients who are complicated with DM.

One of the strategies to shortcut the time and budget in drug development is to
repurpose or reposition clinically available agents to treat another disease (19). As CCA is a fatal

cancer which most of the patients presented with advanced and inoperable stage, a systemic
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previous transcriptomic data, ¥-aminobutyric acid B2 receptor (GABA-B2 receptor: GABBR2) and
interleukin-1@ (IL1B) were listed in the top upregulated genes in CCA cells cultured under high
glucose condition, indicating that GABBRZ and IL1 might play key roles in CCA progression under
high glucose (14). Therefore, targeting these molecules using available drugs may improve the

treatment outcome of CCA patients, especially those with DM.
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Figure 1 Mortality rate of Thai population during 1998 - 2008. High mortality of DM and liver

cancer (majorly CCA) is almost overlapped at the same geographical area (18).

9. Literature review

The epidemiological studies consistently indicate that DM is a risk factor for CCA
development in both the endemic area (10) and non-endemic area of liver fluke (20). However,
the molecular mechanisms underlying this association remain unclear. In our previous studies, we
_,-;:'};\‘/’i‘é'\'rdégféﬁﬁ?‘-ﬁfgp.osed several mechanisms, of which DM might play roles in promoting CCA
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with preoperative hyperglycemia also showed higher expression of nuclear STAT3 and p-STAT3,
suggesting its active status compared with the tumor tissues from patients with euglycemia.
Another recent report from our group also shows that high glucose increases the expression of
epidermal growth factor receptor (EGFR), a receptor tyrosine kinase, which functions as an
upstream signaling of STAT3 (21). This study demonstrates that high glucose-activated STAT3 via
EGFR signaling results in an upregulation of FOXM1, one of key players in CCA progression (22).
Our studies also suggest that the application of Stattic, a STAT3 inhibitor, and metformin, a first
line antidiabetic medication, significantly suppressed the growth and metastatic activity of CCA
cells cultured in high glucose condition (23). These data not only provide the key underlying
pathways linking DM to CCA but also suggest the opportunities to develop a therapeutic agent
that might be benefit the treatment of CCA patients who have DM.

As the carcinogenesis and progression of CCA can be modulated by several signaling
pathways, we then explored the global genes expression by comparing transcriptomes of CCA
cells cultured in normal (NG) or high glucose (HG) using RNA sequencing approach (14). The
transcriptomic analysis revealed GABBR2 as one of the top upregulated genes in HG cells
compared with NG cells [Figure 2A, (14)]. Our preliminary Western blot results in 4 CCA cell lines
affirmed that GABBR2 expression was increased in HG-CCA cells compared with their NG
counterpart (Figure 2B, unpublished data).

GABA is an inhibitory neurotransmitter derived from amino acid and functions by binding
to its receptor on target tissues. There are 3 major types of GABA receptor; GABA-A receptor
predominated in central nervous tissues, GABA-B receptor expressed in both nervous and other
tissues, and GABA-C receptor with uncleared distribution and function (24). All GABA receptors are
expressed in bile duct epithelium in which GABA-B receptor is predominated and required for
cholangiocytes differentiation (25). Several studies showed that the upregulation of GABBRZ was
a promising for cancer treatment, e.q., in pancreatic cancer (26). The in vitro and in vivo studies
'aLsollls\_hQW.gd that GABBR is responsible for the proliferation, migration and invasion of CCA cells
¢ j‘\f;i"a rﬁodula;ci'ﬁ"l l
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aggressiveness of CCA, and hence may serve as potential target for CCA treatment. The schematic
summary of GABA receptor (included all subtypes) activated by GABA or GABA analog (Baclofen)

in CCA is demonstrated in Figure 2.
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Figure 2 Effect of GABA receptor activation in CCA cells. Activation of GABA receptor by GABA or
its analog, Baclofen, result in inhibition of various pathways and finally suppress aggressive

phenotypes of CCA cells.

Interestinely, from our preliminary data, high expression of GABBRZ is significantly
associated with DM status of the patients, non-papillary histological type, and the tumor size
smatler than 7 cm (Figure 3C and Table 1, unpublished data). These results are in agreement with

/ the prevtous reports that GABBR (non-specified subtype) is overexpressed in tumor t\ssues from

ment of some neurologic conditions, the safety window and to ICIW of the drug
fén has been repurposed to use in several neurological COﬂdItIOQS a@d an atlve )

f .“*
\ G

associated with low grade differentiation and local invasion of CCA ce[ts (28 29).

.8, baclofen (known as muscle relaxant or antispasmodic agenf) are dlntcally;!

PN Ci AR
P )
"~ ) ) \
il }



aim in cancer patients, however, the use in cancer treatment is limited (30,31). The repurposing

of this drug group for CCA patients as well as patients with DM is highly promising.
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Figure 3. Effect of high glucose condition and hyperglycemia on the expression of GABBR2
in CCA. (A) Comparative transcriptomic analysis between CCA cells (KKU-213A) cultured in normal
glucose (NG) and high glucose (HG) media. GABBRZ are top 5 upregulated genes in HG COhdItEOI’]
p "[Mod:ﬂed from (14 ]. The preliminary results show the effect of high glucose on the ex r’esspn -of—
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Table 1 Preliminary results of the association of GABBR2 expression in CCA tissues and
clinicopathological characteristic (N = 30 cases)

Clinicopathological data GABBR2 expression P value
High Low
(IHC index =8) (IHC index <8)
Diabetic Status
- DM 13 2 0.046*
- Non-DM 8 7
Gender
- Male 10 0.580
- Female 8
Survival
> 5 Mo 14 1.000
< 5 Mo 7
Papillary type CCA
- Papillary a4 0.030%
- Non-papillary 17
Histological grading
- Well differentiated 13 7 0.672
- Moderately differentiated
- Poorly differentiated 1
Tumor size (longest
diameter) 6 0.020*
>7cam 15 2
<7cm
Regional lymph node
involvement 10 8 0.543
MR Bty S 8
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The pathway analysis of HG vs. NG cells reported in our previous study also
indicated the activation of NF-kB via the upregulation of IL1p (14). It is well documented that the
expression of IL1f can be regulated by both STAT3 and NF-kB which are activated in HG cells 32
The treatment of STAT3 or NF-kB specific inhibitors can efficiently suppress growth and metastatic
potential of CCA cells, however, neither treatments reduced the expression of IL1f (14). This
finding suggested an undiscover mechanisms of IL1p regulation and its functional roles in CCA
progression under HG environment, and implied the possibility of using IL1p as the add-on target
in combination with other inhibitors to improve CCA treatment outcome. IL1B is a pro-
inflammatory cytokine functioning by activation of IL1 receptor (IL1R), a receptor for all ligands in
IL1 family, i.e., IL1a, IL1B, IL1R antagonist (33). The activation of IL1R then signal to NF-kB pathway,
resulting in the upregulation of inflammatory related genes including IL6 (33). IL1B is a well-known
linkage for high glucose, inflammation and diabetic complications as reported in retinopathy (34)
and nephropathy (35). In addition, the antagonist of IL1Rr; anakinra, and IL18 monoclonal
antibody; canakinumab, are clinically available for treatment of inflammatory diseases, e.g.,
arthritis and autoimmune (36). As inflammation promoting cancer is one of cancer hallmarks (37),
the inhibition of IL1pB function becomes the topic of interest. The clinical trial of add-on anakinra
for patients with advanced stage colon cancer who resisted to 5-fluorouracil and bevacizumab
showed a clinical response of tumor regression and stable disease without serious adverse drug
reaction (38). The post hoc analysis of Canakinumab Anti-inflammatory Thrombosis Outcomes
Study (CANTOS), a randomized trial of the role of IL1B inhibition in atherosclerosis, showed that
the incidence and mortality of lung cancer patients among the recruited subjects were significantly
decreased in the group receiving canakinumab compared with placebo (39). Serum IL6 in

j canaksnumab receivers were also significantly decreased. The results from this trial agreed with

eiorts that high glucose promote CCA progression via IL1B-NF-kB and reCJPr@callywnl \
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Figure 4 Schematic summary of the effects of high glucose on the activation of JAK1/2-
STAT3 and NF-kB pathways in CCA cells, and the reciprocal activation between 2 pathways
(14). High slucose activates JAK1/2-STAT3 signaling pathway via increasing IL6 expression.
Noteworthy, in the previous report by other group, STAT3 in CCA cells can be also activated by
GABBR2 (28) which is upregulated by high glucose condition in our model. Thus, GABBRZ is highly
promising as a therapedutic target in CCA patients with DM. Moreover, the level of IL1B expression
in high elucose is not suppressed when STAT3 and NF-kB are inhibited. The uncovering of
mechanisms that modulate IL1p expression under high glucose might be a key leading to effective

treatment development for CCA patients with DM.
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11. Objectives

1. Identify the functions and mechanisms of GABBR2 and IL1B in association with
aggressiveness of CCA under high glucose condition.

2. Explore the possibility of using GABBR2 agonist and IL1B antagonist as therapeutic

agents for CCA under high glucose condition.

12. Methodology
A series of experiments are designed to address these following research questions:
1) what are the functional roles of GABBR2 and IL1B in CCA cells under high glucose

condition?

7 %.2) How '-the'-“‘chérapeutic outcomes of CCA are improved with available a ofr/wigtr/antagonist to\
¢ @ABBR2/and 1187 /e A )\
ork of a whole project in which each experiment will :[_be used to ansiver |

depicted in figure 5. \ . o
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HG enhances GABBR2 and IL1p are upregulated by GABBR2 agonist and IL1p receptor
aggressiveness of CCA HG and involved with progression of antagonists are clinically available
Background
cells CCA and other cancers for other diseases

DM and hyperglycemia promote the aggressiveness of CCA, Targeting hyperglycemia-induced

Hypothesls molecules may improve the therapeutic outcomes.

____J
M)

(1) what are the functional roles of (2) How the therapeutic outcomes of CCA
qﬂsz;e;:,c:s GABBR2 and IL1f in CCA cells under are improved with available
high glucose condition? agonist/antagonist to GABBR2 and IL1p?
T |
) Functional roles and molecular |
mechanisms of GABBR2 and IL1f} in Effect of GABBR2 agonist and IL1P
Experimental CCA progression under high antagonists on the progression of CCA
designs glucose In vitro and in vivo under high glucose in vitro and in vivo
Expression pattern in NG vs HG Effect of GABBR2 agonist and IL1p
cells of CCA: real time RT-PCR, antagonist on progression of CCA in
| and Western Blot 7| vitro: MTT assay, Flow cytometry,
Migration-Invasion assay.

Expression pattern in tumor Effect of GABBR2 agonist and IL1p

=] tissues of CCA patients with or antagonist on progression of CCA in
without DM, and ~| vivo: Tumor growth and metastasis in
clinicopathalogical vivo using CCA xenograft implantation

associations:
Immunohistochemistry
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pathways: Phosphokinases
array, inhibitor, Knock down
genes by si- or sh-RNA

At least 2 international publication in Scopus indexed journal (at least one in Q1) l

New knowledge on the roles of GABBR2 and IL1B which are highly promising to be the

targets of the repurposing drugs to treat CCA. - —~
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S
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The materials and methods that will be used in the experiments to answer the research
guestion are;

12.1 Cell lines and CCA tissues

CCA cell lines; KKU-055, KKU-100, KKU-213A, KKU-213B, were established from Thai O.
viverrini-associated CCA patients and were obtained from Japanese Collection of Research
Bioresources Cell Bank (Osaka, Japan) (40). Cells will be cultured in Dulbecco Modified Eagle’s
medium (DMEM) (invitrogen, Carlsbad, CA), with normal glucose (NG: 5.6mM) or high glucose (HG:
25 mM) conditions to resemble euglycemia and hyperglycemia, respectively (6,14). The culture
medium will be supplemented with 10% fetal bovine serum (Invitrogen), and 1% antibiotic-
antimycotic (Invitrogen). Cells cultured in NG or HG conditions will be named as NG cells and HG
cells, respectively. Cells will be incubated in 37 °C, 5% CO,, humidified incubator and subcultured
when the confluence reaches 80%.

Histologically proven paraffin embedded patients’ CCA tissues were derived from patients
with CCA admitted for surgical resection at Srinagarind Hospital, Khon Kaen University, and
archived at the biobank of Cholangiocarcinoma Research Institute, Khon Kaen University. The
demographic, laboratory, and clinical data were obtained from medical records. The study
protocol involving patients” tumor tissues and data from medical records for the preliminary study
has been approved by The Khon Kaen University Ethics Committee on Human Research (Approval
No. HE621328) based on the declaration of Helsinki and ICH-Good Clinical Practice Guidelines.
The study protocol in the next larger cohorts will be submitted and reviewed by the same

institutional board before the initiation of the project.
12.2 Expression pattern of GABBR2, IL18 and IL1R in patient CCA tissues
The expression of GABBRZ and IL1R in CCA tissues from CCA patients (at least 50 cases) with

or without DM will be examined by standard immunohistochemistry protocol using specific
antlbodres The evaluation of expression will be semi-quantitated by at least 2 mdependent
researchers mdudnng a pathologist and reported as IHC index or H-score (41). The,correlatmn of

els of GABBR2, IL1R, and GABBR2+IL1R, with clinicopatholo |cak’slgmﬂcgnce \ \

rds) will be statistically tested using univariate and multiva |at€f anatyas The f!
ssion patterns of GABBR2, IL1R and GABBRZ+ IL1IR will be de‘termlned ang]
erimental designs of animal model. \ g A

T )y & \"\‘ ‘,
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12.3 Expression pattern of GABBR2, IL1B and IL1R in CCA cells

NG and HG cells of CCA cell lines; KKU-055, KKU-100, KKU-213A, and KKU-213B, will be used
as a model of study. The expression levels of GABBR2, IL1B and IL1R at mRNA level will be
compared between NG and HG cells using real time RT-PCR with specific primers and a
commercial real time PCR kit (Roche, Manheim, Germany). The expression levels of GABBR2, IL1B,
and IL1R proteins in CCA cell lines will be determined using sodium-dodecyl sulfate gel
electrophoresis (SDS-PAGE) and Western blot technique using anti-GABBR2 (ProteinTech,
Rosemont, IL), anti- IL1B (Santa Cruz Biotechnology, Santa Cruz, CA) and anti-IL1R (abcam,
Cambridge, MA).

12.4 The effects of GABBR2 and IL1B on CCA cell progression

The effect of GABBR2 and IL1B will be studied in vitro. HG cells of CCA cell lines will be
knocked down the expression of GABBR2 and IL1pB using specific siRNA and non-target siRNA will
be used as a control. The progressive phenotypes of CCA cells after knock down will be
compared. The proliferation will be assayed using MTT [(3-(4,5-Dimethylthiazol 2-yl)-2,5-
diphenyltetrazolium bromide)]. Cell cycle analysis after treatment will be examined by propidium
iodine (PI) staining and subjected to flow cytometry. The apoptosis will be determined by Annexin
V staining for flow cytometric analysis. Migration and invasion assays will be tested at a non-lethal
time point after knock down. Every experiment will be carried out at least 3 biological replications.

To afﬁrm the effects and the translational potentials of GABBR2 and IL1f in cl \nlcal use,

oy ‘-badofen a GABBRZ agonist, canakinumab, a monoclonal antibody against ILlﬁ will tested for their

¢a single drug or combination drugs on the aggresswenez;s of CCA ce}ls in W(ro

/
iments as aforementioned. Cells treated with gemqltatmé will: be use}t‘ é\s

\
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Normal Glucose
25 passages

High Glucose
25 passages

Expression of
GABBR2, IL1B, ILIR

- Knock down GABBR2, IL1p

- Canakinumab treatment

- Baclofen treatment

- Gemcitabine treatment (positive control)

mRNA -> real time RT-PCR [ Proliferation-> MTT assay l

Proteins ->Western blot |

Cell cycle analysis -> Pl attainingand Flow cytometry

Apoptosis-> Annexin V Stainingand Flow cytometry

Migration-Invasion -> Boyden chamber assay I

Figure 6. The schematic summary of in vitro experiments to prove the function of GABBR2

and IL1B in CCA cells

12.5 The investigation of signaling pathways under regulation of GABBR2 and ILIR in

CCA

To uncover the non-canonical (or non-reported) pathways under regulation of GABBR2 and

IL1R, the commercial phosphokinase array (R&D systems, Minneapolis, MN) will be used as

previously described (6). CCA cell lysate from HG cells with and without treatment of baclofen or

canakinumab at the appropriate time points (determined by the significant phenotypic changes

from 12.4). will be incubated with the array membranes and developed the signals according to

the manufacturer’s instruction. The most differentially changed signals will be selected to validate

in individual cell lines using SDS-PAGE and Western blot against the key proteins in the pathways.

12.6 The.in vivo effects of GABBR2 (baclofen) and IL1B antagonist (canakinumab)

The'in vivo experiments will be conducted to affirm the possibility of clinical trarslationef

akinumab as a therapeutic target in diabetic mice. The protoedl of animal
itted for the approvement of The Institutional Animal Cara. ad Use

n University. Immunodeficient, BALB/cAlcl-nu/nu, mice (Nomdra; Bangkﬁjk,
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Thailand) (42), will be divided into 3 groups with at least animals in each group; non-DM, DM and
DM with the treatments. Mice will be induced to have DM using a single-dose streptozotocin
(STZ), 200 mg/kg, intraperitoneal injection. The STZ-induce DM animal has been reported for their
high plasma glucose and less confounding effect of insulin (43). The plasma glucose and
metabolic parameters of the animal will be monitored using a commercially available kit
(Millipore, Darmstadt, Germany) (44). When DM is developed in mice, HG cells of KKU-213A (5 x
10° cells) will be subcutaneously injected into the flank of all mice in each group. The tumor
volume will be measured by the caliper every other day. The treatment will be provided in DM
mice when the tumors are palpable (approximately day 10 after transplanted or when the tumor
volume reach ~0.1 mm?). Baclofen (30mg/ke) will be intraperitoneally injected to the treatment
group (45) while the non-treatment group (both with and without DM) will be injected with normal
saline as a control at the same day that the treatments are provided (46). For the treatment of
canakinumab, 10 pg/mice of the drug will be intraperitoneally injected twice a week and normal
saline will be injected at the same day as control. The co-treatment of baclofen and canakinumab
in DM animal will be set if there is a positive correlation between the expression of GABBRZ+ IL1R
in the IHC analysis of patients’ CCA tissues. Gemcitabine (50 pg/kg/week) with intraperitoneal
injection will be used as a positive control. Body weight and behavior of the animals will be
recorded every other day to observe the adverse effects of treatment. Animals will be sacrificed
when the tumor growth is obviously different or at day 21 of treatment for all groups. The tumor
tissues, livers and lungs of animals will be macroscopic observed for tumor, tumor metastasis and
the effect of treatments on normal tissues in these organs. These tissues will be collected as
frozen and formalin fixed tissues for further analysis. The effect of treatment will be compared
between DM mice with and without the treatment. Tumor tissues will be immunohistochemically
examined for the expression of GABBRZ, IL1B, and IL1R and compared between DM and non-DM
mice. A schematic summary for the animal model is shown in figure 7.

s ";12;?'St§tistical analysis

Cohtinuous data will be compared using Student’s t test or Mann-Whitney »*t‘é;fq ,a,c:co_rd.irhé--w..

n'of data. The categorical data will be compared using Pearsgn’ ?ﬁ\j;squ/!are or‘;

st regarding the assumption of the test. Correlation between pr, tel"tg; Vi



multivariate analysis. Survival analysis of CCA patients will be analyzed using Log-rank test and
demonstrated by Kaplan-Meier method. Statistical significance will be assigned when P < 0.05.

Standard statistical software; e.g., SPSS or Stata will be used for the analysis.

CCAxenograft Normal Saline, Daily

2

Group 1: Non-DM

&)
&

{n=5)
1z CCA xenograft Normal Saline, Dally
Group 2: DM }')/Q f
(n=5) = ¢
X

Baclofen Daily or

CCA xenograft Canakinumab twice a week

Group 3: DM + treatment }
(Baclofen or Canakinumab)
(n=5)

Q) ), ©
R, B

CCA xenograft Gemcitabine Once aweek

2 ‘,@f

Day0 Day 14 Day|24 Day 50
Metabolic test to confirm DM Sacrifice

Group 4: DM + Chemotherapy
(n=5)

2,
LY e ®

| ®

Figure 7 Timeline of animal experiments. Immunodeficient mice will be divided into 4 groups
(N = 5-10/per group). DM group will be induced using a single dose streptozotocin (STZ) and
confirmed for DM status at day 14 after injection. Then CCA cells will be subcutaneously injected
into each mouse and the tumors will be measure at day 24 (10 days after transplantation). Animals

in DM will be randomly assigned to each intervention and followed until day 50.
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14. Equipment needed for the project

All equipment used in this research project are available at Faculty of Medicine, Khon Kaen
University.

- Cell and tissue culture facilities: Biosafety level 2 cabinet (Cell culture hood), Incubator 37
oC with humidified and CO, injection system, Inverted light microscope, Fluorescent microscope

_ mmunohistochemistry facilities: Laboratory fume hood (chemical furne hood), microtome
and water bath, chemical chamber, incubation chamber, pressure cooker or microwave oven,
light microscope, shaker

- Molecular experiments facilities: Gel setting cassette and electrophoresis running set for
SDS-PAGE and Agarose gel electrophoresis, Transblot machine (wet tank or semi-dry system),
shaker, boiler and incubator, microplate reader, conventional PCR machine, real time PCR
machine, Gel documentation machine

- Animal model experiments: the experiment involving animals will be used the standardized

equipment provided by the Northeast Laboratory Animal Center, Khon Kaen University.

15. Work Plan for the entire project

Month j

Activity
2lale6|8|10]12|14|16|18]|20]| 22|24
1- Hurnan and animal ethic approvals X | x
2- Molecular mechanism of GABBR2 and % | x | x
IL1B in vitro
3- Effects of GABBR2 agonist and IL1f3 x |x |x

antagonist on CCA progression in vitro

4- Immunohistochemistry of GABBR2 and % | x
IL1B in patient CCA tissues

5-Effects of GABBR2 agonist or IL1B ¥ |x |x |x

rogression in vivo

nism study of GABBR2

m tissues)

ration and submission
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16. Output and KPI (Key Performance Indicator)
At least 2 international publications (at least one publication in Q1 ranked journal in Scopus

database and at least one in Q1 or Q2 ranked journal in Scopus database).

17. Outcomes and Impacts

Outcomes: New knowledge on the roles of GABBR2 and IL1B which are highly promising to
be the targets of the repurposing clinical available drugs to treat CCA in both patients with or
without DM.

Impact: The study of repurposing drugs can be translated to the clinical study which help
saving time and budget in drug development. If the preclinical studies are promising, using the
known drugs in clinical trial study can omit the step of phase | since the toxicity and side effects

are documented.

18. Budget details

[tem Year 1 Year 2 Total
1. ARBULNU
1.1 Ameunnuiindse Wouaz 15,000 v wuian 24 | 180,000 | 180,000 | 360,000
EhLp
2. AN
2.1 Al isideyanmemaila Flow cytometry 20,000 20,000 40,000
3. anldaee = . -
4, A Yae,
Ayt fﬁhli"aﬁrlia‘gaﬂ_.jmmuﬂmwmgmwaﬁ 100,000 | 100,000 | 206,000
|11 100,000 100,000/,.#" 200000 s
ldlunsmaass 100,000 100,00?5' /| 206,008, i)
y 500,000 500,00[;3\_}\ 1,900,0(_).0;\:
\\ G ’ :,‘1_:_.,;:.-;‘
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19. Expected benefits
The discovery of how DM promotes CCA progression will reiterate the importance of
diabetic control that physician could emphasize to CCA patients with DM. The results of
targeting specific molecules with known drugs can be translated to clinical research for the

repurposing aims which help shortcut the budget and time in new drug development.

20. Research connections
M Connections with other experts within and outside Thailand (please specify).
1. Prof. Piotr Sicinski, MD, PhD,
Department of Genetics, Harvard Medical School, Harvard University, USA
Dana-Faber Cancer Institute, Harvard Medical School, USA
2. Assoc. Prof. Marie-Claude Gingras, PhD
Human Genome Sequencing Center, Baylor College of Medicine, USA
3. Soravis Oastaphan, MD
Department of Medicine, Mount Aubum Hospital, Harvard Medical School, USA
4. Suangson Supabphol, MD
The center of excellent in systems biology, Faculty of Medicine, Chulalongkomn
University, Bangkok, Thailand
M Connections with stakeholders and users (please specify).
Division of Medical Oncology, Srinagarind Hospital and Department of Medicine,
Faculty of Medicine, Khon Kaen University, Thailand

Contact person: Thanachai Sanlung, MD

21. Will this proposal or related proposal be submitted within the next six months or has

it been submltted to other funding agency/source? If yes, please glve the name of. the

I}

'*fundmg agency, name of the project and status of submission. # :‘

Thée proposal under the same research topic has been submitted to Research G\ant for New \

e ,j, ju_,

t the principal investigator is currently carrying out
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