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Abstract: Pancreatic cancer (PC) is the fourth-most-deadly cancer in the United States with a 5-year survival rate
of only 8%. The majority of patients with locally advanced pancreatic cancer undergo chemotherapy and/or ra-
diation therapy (RT). However, current treatments are inadequate and novel strategies are desperately required.
3-Bromopyruvate (3-BP) is a promising anticancer drug against pancreatic cancer. It exerts potent anticancer effects
by inhibiting hexokinase Il enzyme (HK2) of the glycolytic pathway in cancer cells while not affecting the normal
cells. 3-BP killed 95% of Panc-2 cells at 15 yM concentration and severely inhibited ATP production by disrupting
the interaction between HK2 and mitochondrial Voltage Dependent Anion Channel-1 (VDAC1) protein. Electron mi-
croscopy data revealed that 3-BP severely damaged mitochondrial membrane in cancer cells. We further examined
therapeutic effect of 3-BP in syngeneic mouse pancreatic cancer model by treating animals with 10, 15 and 20
mg/kg dose. 3-BP at 15 & 20 mg/kg dose level significantly reduced tumor growth by approximately 75-80% in
C57BL/6 female mice. Immunohistochemistry data showed complete inhibition of hexokinase Il (HK2) and TGF(,
in animals treated with 3-BP drug. We also observed enhanced expression of active caspase-3 in tumor tissues
exhibited apoptotic death. Flow Cytometry analysis showed significant inhibition in MDSC (CD11b) population in
treated tumor which may have allowed infiltration of CD8+ T cells and inhibited tumor growth. Notably, metabolomic
data also revealed severe inhibition in glycolysis, NADP, ATP and lactic acid production in cancer cells treated with
40 pM 3-BP. Importantly, we also observed inhibition in lactic acid production responsible for tumor aggression.
These results provide new evidence that 3-BP severely inhibit glucose metabolism in cancer cells by blocking hexo-
kinase Il, and disrupting mitochondria by suppressing BCL2L1 in pancreatic cancer.
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Introduction and distant metastasis at the time of their diag-
nosis. In these advanced cases, chemotherapy
and radiation have shown limited tumor control.
Consequently, PC continues to be refractory to
treatment and new treatment options are des-

perately needed.

Pancreatic cancer (PC) is the fourth most lethal
cancer in the United States. In 2022, there will
be an estimated diagnosis of 62,210 new
cases, and 49,830 deaths [1]. PC has the high-
est mortality rate amongst all other cancers in

both men and women, with a one-year relative
survival rate of 20%, and a five-year relative
survival rate of 8%. The pancreaticoduodenec-
tomy (Whipple procedure), can increase surviv-
al for patients with resectable PC; however,
less than 20% of patients are candidates for
surgery at the time of presentation. Most
patients have advanced PC, often with regional

3-bromopyruvate (3-BP) is an analog of pyruvic
acid that exhibits strong anticancer activity and
is a promising anti-cancer agent [2-4]. In human
cancer cells, 3-BP is transported across the
membrane by the lactate/pyruvate H+ symport-
er. Once, it enters into the cell it becomes highly
reactive, showing strong alkylating properties
towards proteins having SH groups [5-7]. Cancer
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cells rely on glycolysis as a source of energy,
and they overexpress lactate transporters to
import additional glucose and efflux excess lac-
tic acid. This overexpression of lactate trans-
porters, which transport 3-BP into the cell, pro-
vide a novel mechanism by which 3-BP is
strongly toxic for cancer cells without affecting
normal cells. 3-BP has demonstrated therapeu-
tic potential by targeting energy metabolism
in cancer cells by inhibiting glycolysis. Specifi-
cally, 3-BP irreversibly alkylates the glycolytic
enzyme, Hexokinase Il (HK2), resulting in the
disruption of glucose metabolism leading to
cancer cell death [8]. 3-BP also exert potent
anticancer effects through an oxidative stress
mechanism which causes cancer cell death
[2, 5, 9, 10]. Recent investigations have also
shown that 3-BP treatment produces increased
levels of reactive oxygen species (ROS), which
causes DNA damage with reduction of free glu-
tathione levels [11]. Considerably, cancer cells
heavily rely on glycolysis as a source of energy
and produce lactic acid in presence of oxygen
by overexpressing lactate transporters in can-
cer cells and making tumor microenvironment
more acidic. The novelty 3-BP is its selectivity
and specificity, i.e., it doesn’t affect the normal
cells but strongly toxic to cancer cells making
3-BP a promising candidate as an anticancer
drug. In the present study, we have investigated
the anti-tumor effects of 3-BP on highly aggres-
sive Panc-2 pancreatic cancer cells and found
that 3-BP can be effectively combined with low
doses of radiation to treat locally advanced
pancreatic cancer. Furthermore, we have also
tested anti-tumor activity of 3-BP in syngeneic
mouse model of locally advanced pancreatic
cancer.

Material and methods
Panc-2 cell culture

Murine pancreatic adenocarcinoma Panc-2
cells were obtained from Dr. Jeffrey Schlom,
National Cancer Institute, National Institutes of
Health, Bethesda, MD. The cells were grown
and maintained in culture with RPMI 1640
(ATCC 30-2002, Manassas, VA, USA) supple-
mented with 10% FBS at 37°C and in a 5% CO,
atmosphere.

Clonogenic survival assay

The desired number of cells were seeded in six
well plate 24 hours prior to 3BP and radiation
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treatment. After 48 hours of treatment, media
was removed, and cells were rinsed with PBS.
Before treatment cells were trypsinized and
resuspended in fresh media in a centrifuge
tube. The cells were then centrifuged at 2000 x
g at 4°C supernatant was removed and then
cells were resuspended in fresh media.
Clonogenic survival assay was performed as
described previously [12].

Co-immunoprecipitation

Immunoprecipitation was carried out according
to the protocol described by the antibody pro-
vider Santa Cruz Biotechnology, USA. Briefly,
250 g protein was incubated with 2 ug VDAC1
antibodies (Santa Cruz Biotechnology) for 1
hour at 4°C in a cold room with a rotator. For
control samples, instead of primary antibody, 2
pug mouse IgG was incubated with the protein
lysates. Protein G Agarose (Santa Cruz Biote-
chnology) was equilibrated with protein lysis
buffer and 10 pl was added in each sample.
Subsequently, samples were incubated in a
cold room at 4°C with rotation overnight.
Following overnight incubation, beads were
pelleted by centrifugation at 1000 x g and
washed with 500 ul lysis buffer with rotation for
5 min; the washing was repeated four times.
After final wash, the bound protein was eluted
with 30 ul 1 x SDS-PAGE buffer and boiled for
10 mins. The eluted proteins were separated
on 4-20% Tris Glycine SDS-PAGE and immunob-
lot was performed using hexokinase-2 anti-
bodies (Protein Tech, USA) as described in the
western blot protocol.

Western blot analysis

After drug treatment for 48 hours Panc-2 cells
were harvested with a cell scraper, transferred
to a 15 ml tube, and incubated on ice for 15
min. The cells were pelleted by centrifugation
at 1000 rpm for 5 min, and then washed with
cold 1 x PBS and suspended in 1 x RIPA buffer.
Cells were sonicated for 30 second, pulse 01,
amplitude 50% using a Sonicator (Fisher scien-
tific, USA). The sonicated cells were kept on ice
for 15 mins, transferred to 1.5 ml Eppendorf
tubes and centrifuged at 12000 rpm for 15
mins at 4°C. The supernatant was collected,
and protein concentration was measured using
Pierce BCA protein assay kit (Thermofisher
Scientific, USA). Immunoblot analysis was per-
formed as described previously [12].

Am J Cancer Res 2022;12(11):4977-4987



3-Bromopyruvate as an anti-tumor drug to treat locally advanced pancreatic cancer

Metabolomics analysis of Panc-2 cells treated
with 40 uM of 3-BP

Panc2 cells (5 x 105 cells) were grown in 100
mm dish with RPMI 1640 media and treated
with 40 yM of 3-BP for 48 hours, along with
untreated control. After treatment media was
aspirated, and the cells were washed with cold
1 x PBS twice and metabolites were extracted
as described previously [13].

Cellular ATP assay

Cellular ATP content was measured using Cell
Titer-GIO 2.0 reagent (Promega, USA) according
to the manufacturer’'s instructions. Briefly,
1500 Panc-2 cancer cell were seeded in each
well of a 96 well luminescence cell culture plate
(clear bottom with white solid sides; Thermo-
Fisher Scientific, USA) in 100 ul RPMI 1640 cell
culture media. After 24 hours, cells were treat-
ed with 10-50 uM of 3BP for 48 hours, using
four wells for each replicate. After treatment
ATP assay reagent was added to the cells and
placed on a shaker for 2 min, and then without
shaking for 10 min at room temperature, lumi-
nescence was measured using a BIO-TEK ELISA
reader (USA).

TUNEL assay

Panc2 cells were trypsinized and seeded in a
chamber slide with 3 x 103 cells/well. The fol-
lowing day, cells were treated with O, 20, 40 uM
3-BP for 48 hours and media was removed.
Floating cells were collected and fixed with 10%
formalin for 30 mins at 4°C. After washing twice
with 1 x PBS cells were treated with 0.2% triton
X-100 in 1 x PBS for 5 mins and chamber wells
were removed and slides were washed with 1 x
PBS and processed for staining for TUNEL
according to the manufacturer’s instructions
(Promega, USA).

Electron microscopy

Panc2 cells (3 x 10°) were seeded in 100 mm
cell culture plate with RPMI 1640. The following
day cells were treated with 40 uM 3-BP for 48
hours. After treatment media was removed,
and cells were fixed with 5 ml fixing buffer for
EM imaging (University of Maryland EM CORE).

Development of Panc-2 based syngeneic
mouse model of pancreatic cancer

After approval of animal protocol from the
Office of Animal Welfare Assurance (OAWA)
University of Maryland School of Medicine
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(IACUC Protocol No. #1019006), we developed
a syngeneic mouse model of pancreatic cancer.
We subcutaneously injected Panc-2 cells in the
right flank of 8 weeks old C57BL/6 female
mice. The animals were anesthetized using
3.5-4% isoflurane in 100% oxygen. For tumor
implantation, the sub confluent Panc-2 cells
were trypsinized, washed with ice cold 1 x PBS,
and then 1 x 10° cells were mixed with Matrigel
in 1:1 ratio (50 ul + 50 ul) and drawn into a cold
0.5 ml syringe (BD Bioscience, USA) fitted with
a 27-1/2-gauge needle. The cell mixture (100
pl) was carefully injected subcutaneously in the
right flank of the animal. After one week, tumor
volume was measured (approximately 100
mm?2 in size), animals were randomized into 4
groups (n = 8 animals/group). Animals were
treated with vehicle control (saline and buffer
only), 10, 15 and 20 mg/kg 3-BP drug. Each
animal was injected with 100 pl drug or vehicle
via intra-peritoneal (IP) injection three days per
week (i.e., every alternate day) for 30 days.
After the treatment period, animals were eutha-
nized, and tumor was imaged and processed
for further analysis. Tumor volume was mea-
sured every alternate day with digital vernier
caliper using the following formula: Volume =
(L*W*W)/2, where L = large length, W = smaller
length. Body weights were measured once a
week. Pictures of each animal were taken to
show the tumor site after euthanizing with CO,
and tumors were excised and preserved for fur-
ther analysis.

Immunohistochemistry (IHC) of mouse tumor
tissues

IHC staining of pancreatic tumor tissues was
performed using the following antibodies:
hexokinase Il (Santa Cruz Biotechnology, 1:100
dilution), Cleaved caspase-3 (Cell Signaling
Technology, USA, 1:300 dilution), TGFB-1 (Santa
Cruz Biotechnology, 1:50 dilution), as described
previously [12-14]. Biotin labelled secondary
antibodies were used using ABC Vectastain uni-
versal quick kit, and DAB substrate (vector lab-
oratories, USA), for signal amplification. Counter
stain was performed with hematoxylin QS from
Vector Lab (USA). The slides were washed with
xylene and mount with cytoseal 60 (Thermo-
fisher USA). Images were captured with Evos
microscope color xI (Thermofisher USA).

Flow cytometry

Tumors were collected after euthanasia at 30
days post-treatment. Tissues were then col-
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lected, and single cell suspensions were ob-
tained for flow cytometry analysis [15]. Briefly,
tumors were processed through a cell strainer
and washed in PBS 2% FBS (Gemini) 1%
PenStrep 1% NEAA (Gibco, Life Technologies,
Gaithersburg, MD, USA). Cells were stained at
the supplier recommended concentrations of
the antibody for 30 min at 4°C in 100 ul FACS
buffer. All antibodies were from BiolLegend
(San Diego, CA, USA). Two panels of mouse
monoclonal antibodies were used; Panel 1:
CD4 (clone GK 1.5, product # 100421), CD8a
(clone 53-6.7, product # 100705) and Panel 2:
CD11b (clone M1/70, product # 101205). All
flow cytometry was performed at the University
of Maryland Greenebaum Cancer Center Flow
Cytometry Shared Services. Flow cytometry
acquisition [16] was performed using a LSRII
instrument (BD Biosciences) and data were
analyzed using FlowJo software (Version 10.6,
Tree Star Inc., Ashland, OR, USA).

Statistical analysis

Prior to the analysis, each survival fraction
datum was log transformed to ensure a good
model fit at the higher dose levels. The signed
rank test in excel was performed to analyze
and compare the distribution of differences in
means for different doses of RT and 3-BP drug.
A statistically significant difference was consid-
ered when p value was less than < 0.05 and
highly significant when p value was less than <
0.01. For metabolomic sample analysis all
results are shown as the mean + SEM fold
change. Statistical significance was designated
as *P < 0.05, **P < 0.01 using Student’s t-test.

Results

3-BP exhibit promising anti-tumor response
against Panc-2 cells

To evaluate anti-tumor effect of 3-BP against
pancreatic cancer, we treated Panc-2 cells in
graded concentration of 3-BP and performed
a clonogenic survival assay. The clonogenic
survival data demonstrated dose-dependent
cell killing of cancer cells treated with 3-BP.
Treatment with 10 yM 3-BP resulted in 55%
survival, treatment with 12.5 uM 3-BP resulted
in 25% survival, and about 10% survival was
observed at 15 yM of 3-BP (Figure 1A, 1B). We
observed significant cancer cell death beyond
15 uM concentration of 3-BP and we noticed
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that surviving colony size was very small (Figure
1A). The brightfield microscopy also showed
3-BP induced morphological changes in cancer
cells treated with 40 uyM (Figure 1C).

3-BP inhibited glycolysis, ATP production and
dismantled mitochondrial structure in cancer
cell

Pancreatic cancer cells overexpress hexoki-
nase Il enzyme (HK2), and enhance glucose
consumption and glycolysis in Panc-2 cells. In
the present investigation we treated Panc-2
cells with 10, 20, 30 and 40 uM of 3-BP up to
48 hours and measured the expression of
hexokinase Il and Voltage-Dependent Anion
Channel (VDAC-1) by immunoblot analysis. The
data showed that expression of hexokinase Il
was significantly inhibited at 40 uM, and
expression level of VDAC-1 was not affected at
40 uM of 3-BP (Figure 2A). Moreover, Co-IP
data showed that 3-BP (40 uM) treatment dis-
rupted interaction between HK2, and VDAC-1,
and the level of hexokinase expression was
inhibited by almost 50% (Figure 2C). VDAC-1 is
an important HK2 interacting partner helping
cancer cells in ATP transport, and maintaining
anti-apoptotic characteristics by interacting
with BCL2L1 (Figure 3A). The Data presented
in Figure 3 showed interaction between HKII,
VDAC-1 and BCL2L1 responsible for suppress-
ing mitochondrial apoptosis in Panc-2 cells.
Further, treatment with 40 yM of 3-BP sup-
pressed BCL2L1 expression and causing acti-
vation of mitochondrial caspases (Figure 3B,
lane 3). Notably, we also observed that 40 yM
of 3-BP treatment dismantled mitochondrial
structure in Panc-2 cancer cells (Figure 4A,
4B), severely affecting ATP production (Figure
5A). In addition, Panc-2 cells treated with 3-BP
showed TUNEL-positive Panc-2 cells, suggest-
ing cancer cell death might be due to apoptosis
and interaction breakdown between HKII and
VDAC-1 (Figure 5B).

Metabolic inhibition of glucose consumption
and lactic acid production in cancer cells
treated with 3-BP

The metabolomics data show that 3-BP treat-
ment at 40 uM inhibited creatinine level by
almost 70%, and lactic acid production by
approximately 62% (Figure 6A, 6D). We also
observed almost 40% inhibition in aspartate
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Figure 1. A, B. Clonogenic survival assay of Panc-2 cell treated with different doses of 3-BP. C. Morphological
changes in Panc-2 cells after 3-BP treatment.
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Figure 2. A. Effect of different doses of 3-BP in HKII inhibition in Panc-2 cells. B. 3-BP induced disruption of
interaction between HKIl and mitochondrial VDAC-1 in Panc-2 cells. C. Quantification of HKII in immunoblot in panel
B after Co-IP (*P < 0.05).

levels in Panc-2 cells treated with 40 uyM of 3-BP inhibit in vivo pancreatic tumor growth in
3-BP (Figure 6C). Interestingly, in recent reports C57BL/6 mouse model

creatinine has also been identified as prognos-

tic biomarker in lung and vulvar cancer. We also Syngeneic pancreatic cancer was successfully
observed 3-BP induced inhibition in lactic acid developed by subcutaneously injecting 1 x 10°
production in cancer cells which might be Panc-2 cells in the right flank of 8-week-old
responsible for causing acidic tumor microenvi- C57BL/6 female mice (Figure 7A). When the
ronment and tumor aggression. Metabolomics tumor was grown to 100 mm? in size, animals
data also showed inhibition in aspartate, ser- were randomized into four groups and treated
ine, threonine metabolism and formylglycin- twice per week with intraperitoneal injections
amide ribonucleotide (FGAR) in purine metabo- of vehicle (Saline), and 10, 15 and 20 mg/kg of
lism pathway (Supplementary Figure 1). 3-BP for 30 days. Tumor volumes and body
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Figure 3. A. Interaction between HKII, VDAC-1 and BCL2L1 proteins in cancer cells. B. Suppression of BCL21 in
cancer cells treated with 40 yM of 3-BP.
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Figure 4. Transmission electron micrograph (TEM) of Panc-2 cells treated with 3-BP. A. Untreated. B. Treated.

weights were recorded every alternate day. We control group (Figure 7C). After 30 days ani-
observed that the 20 mg/kg dose of 3-BP sup- mals were euthanized, and the tumor tissue
pressed 80% of tumor growth and prolonged were processed for H&E and IHC staining. We
animal survival as compared to non-treated observed apoptotic cell death and necrosis in H
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Figure 5. A. ATP production in Panc-2 cells treated with (0-50 uM) of 3-BP drug. B. 3-BP untreated (O yM), and
treated (40 uM), Panc-2 cells showing TUNEL positive cells.
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Figure 6. Metabolomic analysis of Panc-2 cells treated with 20 and 40 uM

of 3-BP (*P < 0.05, **P < 0.01).

& E-stained tumor tissues treated with 10-20
mg/kg 3-BP as compared to mock group
(Figure 7D). The data showed that there was
complete inhibition of HK Il in tumor treated
with high dose of 3-BP. Immunohistochemistry
staining showed complete inhibition of HK2
and TGF-B1 in tumor tissues treated with 3-BP
(Figure 7D). The pronounced staining of cleaved
caspase 3 in treated tumor tissues was indica-
tive of 3-BP-induced apoptosis. Thus, in vivo
data have shown that 3-BP treatment at higher
dose (10-20 mg/kg) significantly reduced pan-
creatic tumor growth and prolonged animal sur-
vival (Figure 8).
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3-BP treatment suppressed
MDSC (CD11b) in pancreatic
tumor microenvironment

ATP

The myeloid derived suppressor
cells (MDSC) are responsible
for immunosuppressive tumor
microenvironment in pancreatic
cancer which protects the tu-
mor from the patient’s immune
system. Flow cytometry data
have precisely shown that ani-
mals treated with higher doses
of 3-BP (10-20 mg/kg) CD11b
(myeloid derived suppressor
cells) population was reduced
to 7% as compared to 17% in
untreated control (Figure 9).
Notably, we also observed only
3.2% CD8+ T cells in untreat-
ed control, and this might be
due elevated MDSC population
which may have suppressed
CD8+ T cell and CD4+ T helper
cells infiltration. However, after
3-BP treatment there was sig-
nificant reduction in MDSC population and
increase in infiltration of CD8+ T cells popula-
tion in tumor tissues (Figure 9). Thus, the data
have shown that after 3-BP treatment the
tumor reduction could be due to strong immune
response due to infiltration of CD8 T cells in
tumor tissues.

40 uM

40 uM

Discussion

Pancreatic tumor cells reprogram cellular
glucose metabolism to meet their increased
energy requirements. Pancreatic tumor cells
consume higher levels of glucose and have
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ing over 90% of cancer cells
(Figure 1A, 1B). We observed
that 15-40 uM of drug caused
cell death and significantly
affected Panc-2 cell viability and
altered cell morphology (Figure
1C), which could be due to alter-
ation in glucose consumption.

Pancreatic cancer cells are high-
ly adaptable to the changed glu-
cose metabolism [22, 23]. This

1 4 6 9 1 13 16 18

20
Day(s)
——Mock —+3-BP10.0mg ——3-BP 15mg -o-3-BP 20mg

Figure 8. Longitudinal tumor growth in pancreatic tumor bearing mice

treated with different doses of 3-BP.

enhanced glycolysis that provides increased
ATP production and lactic acid generation for
tumor proliferation and aggression [17, 18].
Hexokinase Il is highly expressed in Panc-2
cells and is a key enzyme involved in metabo-
lism of glucose through aerobic glycolysis. In
the present investigation, we have demonstrat-
ed that 3-BP blocks expression of hexokinase Il
in pancreatic cancer cells and inhibits tumor
growth in an in vivo model of pancreatic cancer
[2, 19-21]. The clonogenic survival data have
shown that 3-BP drug was quite effective in kill-
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23 30

is achieved by elevated expres-
sion of hexokinase Il which
efficiently convert glucose and
feeds into aerobic glycolysis and
produces ATP for tumor growth
[24, 25]. Based on our experi-
mental evidence it is delineated
that Panc-2 cells over express hexokinase Il
and its N-terminal domain interacts and binds
with VDAC-1, an outer mitochondrial membrane
protein and regulates glycolysis and ATP trans-
port across mitochondrial membrane. Their
interaction also suppresses apoptosis by inter-
acting with BCL2L 1 (Figure 3) [26]. We observed
that HK-II expression was almost completely
abolished after treatment with 40 yM of 3-BP
(Figure 2A), and there was no change in expres-
sion level of VDAC-1 protein (Figure 2A). Further,
the Co-IP data suggest that 3-BP treatment dis-
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Figure 9. A. Level of CD11b in untreated tumor tissues. B. Level of CD8+ T cells in untreated tumor tissues. C. Level
of CD11b in 3-BP treated tumor tissues. D. Level of CD8+ T cells in 3-BP treated tumor tissues.

rupted the interaction between hexokinase Il
and VDAC-1, and blocked the transport of ATP
across mitochondrial membrane and suppress-
es BCL2L1 an anti-apoptotic protein and
causes cancer cell death (Figures 2B, 3B) [11,
22, 27, 28]. 3-BP severely inhibited ATP genera-
tion in cancer cells treated with 25 yM and
higher concentrations, which could be due to
inhibition in glycolysis and ATP production
(Figure 5A). The corollary findings have also
suggested 3-BP induced cellular ATP inhibition
in prostate cancer [29]. We also investigated
mitochondrial integrity in 3-BP treated Panc-2
cells by performing transmission electron
microscopy (TEM). Interestingly, there was col-
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lapse of mitochondrial structure in 3-BP treat-
ed Panc-2 cells. This is the first report that we
have shown collapse of mitochondria in 3-BP
treated Panc-2 cells (Figure 4A, 4B). Thus, it
seems relevant to conclude that 3-BP treat-
ment dismantled mitochondrial structure and
ATP generation and activated mitochondrial
caspases which led to cancer cell death [11,
21]. Further, the metabolomics data also cor-
roborated that 3-BP treatment of Panc-2 cells
inhibited ATP and lactic acid production, which
is responsible for energy supply in cancer cells,
and creating acidic tumor microenvironment
[24, 30]. 3-BP also severely inhibited aspar-
tate, serine, threonine and formylglycinamide
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(FGAR) metabolites production in treated pan-
creatic cancer cells. Specifically, upregulation
of aspartate has been linked to tumor aggres-
sion and its inhibition has been proposed to be
a potential therapeutic target in solid tumors
[31].

We also tested the efficacy of 3-BP in a synge-
neic mouse model of pancreatic cancer. The in
vivo data showed significant inhibition of tumor
growth, with a 75-80% tumor reduction in ani-
mals treated with 20 mg/kg of 3-BP (Figure
7A-C). The H&E and IHC staining demonstrated
apoptosis and necrosis in drug treated tumor
tissues, and inhibition in HKIl and TGF[ expres-
sion (Figure 7D), and activation of cleaved
caspase 3. Taken together, the in vivo data
have demonstrated that 3-BP inhibits HKII
and TGFpB and induces activation of caspase-3
and causes cancer cell death [21, 32]. The flow
cytometry data presented in Figure 9 strongly
suggest that 3-BP treatment suppress MDSCs
population in pancreatic cancer tumor microen-
vironment and allows infiltration of T effector
cells. The corollary reports also suggest that
eliminating MDSCs improves the ability of the
host’s immune system to attack the cancer and
improves the efficacy of immunotherapy treat-
ment [33, 34].
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Supplementary Figure 1. Down regulation of FGAR in 40 uM, 3-BP treated Panc-2 cells.



