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ABSTRACT

Heat shock protein 70 (Hsp70), a protein chaperone, is known to promote cell survival and tumor
progression. However, its role in the tumor microenvironment (TME) is largely unknown. We specifically
evaluated Hsp70 in the TME by implanting tumors in wild-type (WT) controls or Hsp70™" animals, thus
creating a TME with or without Hsp70. Loss of Hsp70 led to significantly smaller tumors; there were no
differences in stromal markers, but interestingly, depletion of CD8 + T-cells abrogated this tumor
suppressive effect, indicating that loss of Hsp70 in the TME affects tumor growth through the immune
cells. Compared to WT, adoptive transfer of Hsp70™ splenocytes exhibited greater antitumor activity in
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immunodeficient NSG and Rag 1/~ mice. Hsp70™" dendritic cells showed increased expression of MHCII
and TNF-a both in vitro and in vivo. These results suggest that the absence of Hsp70 in the TME inhibits
tumors through increased dendritic cell activation. Hsp70 inhibition in DCs may emerge as a novel

therapeutic strategy against pancreatic cancer.

Introduction

Patients with pancreatic ductal adenocarcinoma (PDAC) show
resistance to conventional as well as novel therapies contribut-
ing to dismal outcomes. For instance, while recent advances in
immunotherapy have improved prognosis of aggressive malig-
nancies like advanced melanoma and lung cancer, studies
looking at the effectiveness of these approaches in PDAC
have been largely disappointing." One of the reasons for the
poor response of pancreatic cancer to various therapies is
believed to be its complex tumor microenvironment (TME).
Pancreatic cancer has an intricate TME composed of a variety
of cell types, including cancer associated fibroblasts (CAFs),
immune cells and endothelial cells, among others.> Several
studies have highlighted the role of various cellular and acel-
lular components of TME in promoting cancer progression
and metastases. For instance, CAFs have been shown to stimu-
late the growth and progression of pancreatic cancer cells.”
Even the noncellular ECM, which is largely laid down by
CAFs, has been shown to inhibit delivery of chemotherapeutic
agents in pancreatic cancer.” It appears that there is an ever-
evolving cross talk between the cancer cells and TME, where
the cancer cells modulate the surrounding tumor microenvir-
onment to acquiesce to its increased metabolic and immuno-
defensive need.” We have previously shown that several
molecules and pathways in the TME are responsible for med-
iating resistance to chemotherapy.® In addition, studies from

our group as well as other laboratories have shown that TME
dysregulates anticancer immunity to enable cancer growth.” '
A better understanding of the pathways in TME remodulation
that induce resistance to various therapies will help us develop
novel therapeutic strategies to overcome it, improving out-
comes of patients suffering from pancreatic cancer.

Heat shock proteins are part of an evolutionarily conserved
cellular machinery, which are geared toward protecting cells
and tissues from various stresses, including thermal distress.'"
Heat Shock Protein 70, or Hsp70, is a member of heat shock
protein family, which is ubiquitously expressed in a variety of
cell types.'> We have previously demonstrated that Hsp70 is
overexpressed in pancreatic cancer cells and that it plays
a prosurvival and antiapoptotic role in pancreatic cancer
epithelial cells. However, the role of Hsp70 in the TME is
unknown."? In the current study, we have investigated the
role of Hsp70 in TME in the progression of cancer. Our results
suggest that selective genetic deletion of Hsp70 in the TME
significantly attenuates tumor growth. Our results also suggest
that this effect is due to the deletion of Hsp70 in immune
cellsand not due to depletion of Hsp70 in CAFs. Using
a combination of in vitro and in vivo approaches, we demon-
strate that lack of Hsp70 in dendritic cells energizes the antigen
presentation machinery, which, in turn, leads to the develop-
ment of a robust anticancer immune response. These findings
pave the way for a more complete understanding in
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modulating and designing effective therapeutic approaches
that can complement immunotherapy and dendritic cell vacci-
nation against pancreatic cancer.

Methods

All animal experiments were authorized and overseen by the
Institutional Animal Care and Use Committee (IACUC) in
accordance with approved protocol.

In vitro methods

Primary cell isolation

Tumor-bearing KPC ((B6.LSL-KrasG'*" and p53%'*"" pdx-
cre) or PKT mice ((Ptfla”™; LSL—KrasGIZD/+;Tgﬂ)rZﬂox/ﬂox)
were euthanized at 3-6 months for KPC tumors and 3 weeks
for PKT tumors. These tumors were mechanically dissociated
followed by enzymatic digestion using collagenase IV.>H*UIl
Noncancerous epithelial cells were then magnetically depleted
using the following antibodies (CD326p, CD90 and CD45) at
passages 4 to 6. Pancreatic stellate cells were isolated using the
method published by Apte et al.'"*'> KPCs and PKT cells were
grown in DMEM: F12 media with 1% Penicillin-Streptomycin
and 10% Fetal Bovine Serum. Pancreatic stellate cells were
grown in Iscove’s Modified Dulbecco’s Medium with 15%
fetal bovine serum and 1% penicillin streptomycin.

Histology, immunofluorescence and Western blot

For histological examination, pancreatic tumor specimens
were fixed in formalin, dehydrated in ethanol, embedded in
paraffin and stained with hematoxylin and eosin (H&E). For
immunofluorescence and immunohistological analysis, glass
slides containing paraffinized tissue sections were rehydrated
and antigen retrieval was performed with a citrate buffer and
probed against respective antibodies. Immunohistological
slides were counterstained with hematoxylin and 3,3'-
diaminobenzidine (DAB) was used as primary chromogen for
the antibodies. Details of the antibodies used are given in
Supplementary Table 1. All images were acquired with Leica
DFC 7000 T (Leica Microsystems).

For immunoblotting, tumors were lysed in ice cold RIPA
buffer with phosphatase and protease inhibitor (Catalog num-
ber 78440; Thermo Fisher Scientific). Bicinchoninic acid assay
(BCA assay, Catalog number 23222; Thermo Fisher Scientific)
was used to quantify the protein concentration according to the
manufacturer’s protocol. Gradient (4-20%) SDS PAGE gels
(Catalog number 456-109, BioRad) were used for separation
followed by transfer to a PVDF membrane (0.2uM) under wet
conditions while utilizing a BioRad Mini Trans blot cell
(Catalog number 1703930; BioRad). Primary antibodies used
are detailed in Supplementary Table 1. Manufacturer’s proto-
col was used for blocking PVDF membranes prior to incuba-
tion with primary antibodies. After incubation, the protein
antibody complex of interest was detected using secondary
antibody conjugated to HRP (Catalog number 7074S and
7077S; Cell Signaling Inc). Chemiluminescence was detected
using Pierce ECL enhanced chemiluminesence reagent
(Catalog number 32106, Thermo Fisher Scientific) in myECL

Imager (P162236) using the manufacturer’s protocol. Image]J
(National Institute of Health) was used for densitometric
analysis.

Flow cytometry

Flow cytometry was performed using standard methods.
Briefly, single cell suspension of tumor cells was prepared
after harvest of tumor tissue as described in the primary cell
isolation section. The tumor cells were then washed with flow
cytometry staining buffer composed of phosphate buffered
saline (PBS) with 1% Bovine Serum Albumin (Catalog
Number Catalog #: A9418-100 G, Sigma Aldrich) and 3 mM
EDTA. The antibodies used are provided in Supplementary
Table 1. Intracellular staining was performed using eBioscience
Intra-cellular Fixation/Permeabilization Buffer Set (Catalog
number 88-8824, Thermo Fisher Scientific). Flow cytometric
acquisition was performed on the BD LSR-II and Beckman
Coulter CytoFLEX machines and analysis was performed using
FlowJo software version 7.6.5 (FlowJo LLC, Oregon, USA).

Cytotoxicity assays

For cytotoxicity assays, two approaches were used, LDH cyto-
toxicity and phase microscopy. An LDH cytotoxicity assay kit
(Catalog number 88953; Thermo Scientific) was used as per
manufacturer’s instructions. KPC cancer cells were plated on
96-well clear bottom plates as target cells. At around 60%
confluency (24 hours), effector cells were introduced in 5%
fetal bovine serum and 5 ng/ml IL-2 (Catalog number 212-
12; Peprotech Inc) in RPMI-1640 medium. Effector CD8 + T
cells at a 5:1 ratio were used against KPC target cells. The LDH
level was measured in cell supernatant at 24 hours after effector
cell addition using manufacturer suggested spectrophoto-
metric settings.

For phase microscopy, similar experimental design was
used. KPC cancer cells (3000) were plated as target cells in
clear bottomed 96-well plates. Effector cells (splenocytes) were
harvested from KPC orthotopic tumor-bearing mice at
2 weeks. These effector cells were added to KPC cells at a 1:
25 target:effector cell ratio when KPC cells reached 60% con-
fluency. Incucyte live cell analysis software (Essen Biosciences)
was used to track cell proliferation for real-time live cell ima-
ging. Cell proliferation was assessed over 21 hours of incuba-
tion of effector cells with target cells.

CD8 T cell MACS sorting and Real-Time PCR (qPCR)

CD8" T cells were MACS sorted from splenocytes of WT and
Hsp70~" mice using CD8 + T Cell Isolation Kit, Order no. -
130-104-075 (Miltenyi Biotec, Germany) as per the manufac-
turer’s protocol and their RNA was isolated using RNeasy®
Micro kit (Qiagen, Germany). The RNA was reverse tran-
scribed into ¢DNA with a SuperScript” IV Reverse
Transcriptase kit (Invitrogen, USA) as per the protocol.
These samples from WT and knockout mice were profiled for
the expression of IFNy, IL-2, TNFa, GZMB, GZMK, and PFN
via RT-PCR employing the standard SYBR Green method and
StepOnePlus™ Real-Time PCR System (Applied Biosystems™,



USA). The expressions of the target genes were normalized to
endogenous control, GAPDH. For data analysis, the result files
were extracted in XLSX format and cycle threshold (Ct) values
were averaged out. The mean Ct values of target genes were
normalized to the mean Ct values of endogenous control for
corresponding samples, which gives ACt value. AACt was
calculated as Test ACt — average of Control ACt and the fold
change was calculated using the formula 2724, In this way,
the differential expression for a specific gene is calculated as
compared to the control. Details of primers used can be found
in supplementary table 2.

Dendritic cell isolation

Dendritic cells from WT or HSP70™'" mice were derived from
splenocytes from tumor-naive mice. Splenocytes were
mechanically digested and strained through a 70 um cell strai-
ner. Dendritic cells were then magnetically separated using
magnetic microbeads (Catalog No: 130-100-875 Pan
Dendritic cell isolation kit; Miltenyi Biotec). Isolated dendritic
cells were grown in RPMI-1640 medium supplemented with
2% FBS, 1% Penicillin-Streptomycin and 20 ng/ml GM-CSF
and IL-4. DCs were grown at a density of 300,000 cells/well in
a 12-well plate. KPC cancer cells were used as tumor lysates
after four freeze thaw cycles in a transmembrane insert for
tumor lysate costimulation experiment. After 72 hours, expres-
sion of MHC IT and TNFa was evaluated using flow cytometry.

In vivo methods

Splenocyte adoptive transfer

NSG mice (NOD-scid IL2Rgamma™") had 3 million WT or
Hsp70~" splenocytes injected intravenously into the tail vein
from either WT or Hsp70~~ mice (Day —1). These animals
were then tumor challenged with 3000 KPC cancer cells ortho-
topically into the pancreas (Day 0). Subsequently, animals were
then again given respective WT or Hsp70~"~ splenocytes on day
14 and euthanized on day 28. Tumor weights were measured at
endpoint. In a similar experiment, Ragl KO mice were intra-
venously injected with 1 x 10° WT or Hsp70™'" splenocytes
(Day —-3) and tumors were induced with orthotropic injection
of 3000 KPC cancer cells (Day 0). Tumor weight was measured
at endpoint (Day 28) and metastatic sites were enumerated.

Dendritic cell adoptive transfer

Orthotopic KPC tumor-bearing WT and Hsp70~'~ mice were
euthanized at endpoint and splenic dendritic cells were isolated
using methods described above and cultured for 72 hours. WT
mice were implanted with 3000 KPC cells orthotopically.
On day 7 postimplantation, mice were randomized to receive
intraperitoneal injections of 1 x 10° WT or Hsp70~'~ dendritic
cells dissolved in 200uL of PBS. Tumor weights were measured
at endpoint.

CD8* cell and macrophage depletion

For CD8" depletion, KPC cancer cells were injected orthoto-
pically into WT or Hsp70”" mice as described above.
Following this, mice were randomized and injected intraper-
itoneally with neutralizing monoclonal antibodies directed
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against CD8 (clone YTS169.4; BioXcell, West Lebanon, NH)
or its corresponding isotype (clone: LTF2; BioXcell) for
4 weeks at a dose of 20ug/mouse biweekly. Mice were sacrificed
after 28 days of tumor challenge and the efficiency of CD8
depletion was evaluated in spleen by flow cytometry.

Macrophage depletion was achieved according to
methods previously described using liposomal
clodronate.'”

Orthotopic KPC tumor-bearing WT or HSP070™'~ mice were
injected intraperitoneally twice per week with clodronate lipo-
somes weight (C-005; Liposma) at 1.4 mg/20 g body or with an
equivalent volume of PBS liposomes (P-005; Liposma). Tumor
weights were measured at endpoint (day 28) and macrophage
depletion was confirmed using flow cytometry for F4/80 in
splenocytes.

Pancreatic stellate cell coinjection with KPC cancer cells
Pancreatic stellate cells (PSCs) were isolated from WT and
Hsp70 ~~ mice as described previously by our group and
others.”* After isolation, WT or Hsp70~"~ PSCs were coin-
jected with KPC cancer cells into the pancreas of WT mice to
simulate an environment where only the PSCs are with or
without Hsp70. Mice were euthanized at day 25 and tumor
weight was taken as endpoint.

Mice and animal models

Animal experiments were authorized and overseen by the
Institutional Animal Care and Use Committee (IACUC) in
accordance with approved protocols. Hsp70™" mice were
acquired from Mutant Mouse Resource and Research Center
(MMRC) with the National Institute of Health. These mice lack
12 kb deletion of both Hspala and Hspalb (https://www.
mmrrc.org/catalog/sds.php?mmrrc_id=372). Confirmation of
the absence of Hsp70 expression in cells from these mice was
made via qPCR (data not shown). For in vivo experiments, WT
(Hsp70**) and Hsp70~"~ mice were generated from littermate
control mice after breeding Hsp70* mice with Hsp70™ mice,
which, in turn, were generated by breeding Hsp70~" mice with
C57BL/6 ] (Hsp70*'*) mice (Supplementary Figure 1A).
Immunodeficient Ragl KO (Ragl"™™°™) and NSG (NOD-
scid IL2Rgamma™") mice were obtained from the Jackson
Laboratories (Bar Harbor, ME). KPC mice, the genetic model
for spontaneous pancreatic cancer expressing mutant KRAS
and p53, were generated by crossing LSR-Kras“'?”’P and LSR
Trp53R172H/ P with Pdx-Cre mice. Age- (4-9 weeks) and sex-
matched mice were used in these experiments. The orthotopic
tumor model was generated after administering intrapancrea-
tic injections of tumor cells (dissolved in 10 pl of Matrigel) and
animals were sacrificed at indicated time points. The survival
fraction was determined using Kaplan-Meier survival curves
after implantation of 3000 KPC cells in the pancreas. The
surgical implantation model was performed using methods
previously published by our group.'® PKT (Ptfla”*; LSL-
Kras®' 2P Tgfor2™¥°%) mice were a gift from Dr. Nipun
Merchant (University of Miami). Tumor-bearing mice were
euthanized and single cell suspension was prepared from these
mice as described in the protocol for KPC mice. PKT cells were
suspended in Matrigel and 10,000 cells were injected in 10 ul
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volume into the pancreas. MC-38 murine colon adenocarci-
noma cells were a gift from Dr. Eli Gilboa at the University of
Miami. MC-38 cells (100,000) were injected subcutaneously
into flanks of C57BL/6 ] mice. The tumor volume was mea-
sured at endpoint at 30 days. B-16-F10 (1000,000) melanoma
cells were injected subcutaneous into the flanks of WT or
Hsp70”" mice and tumor volumes were measured after 16 days.

Statistical analysis

Data are presented as mean + standard error of mean (SEM)
for all experiments, except when indicated otherwise in the
figure legend. Respective figures have their sample size (n)
included in the figure legend and for in vivo experiment, each
data point represents one single animal. Kaplan-Meier curves
were used for survival model analysis with the log rank p value
for statistical significance. The nonparametric Mann-Whitney
test using GraphPad Prism 6 (GraphPad Software, La Jolla,
CA) was used for statistical analysis for in vivo experiments.
For dendritic cell incubation with tumor lysates, paired student
t-test analysis was used. Individual figures also have p-values
for each experiment included in their legends. p-values <0.05
were considered statistically significant.

Results and discussion

Hsp70 in the TME modulates cancer growth independent
of stromal elements

To evaluate the role of Hsp70 in the TME, we implanted KPC
((B6.LSL-KrasG'*® and p53R127H Pdx-cre) pancreatic cancer
cells into the pancreas of Hsp70™" or their WT littermate
control mice (Supplementary Figure 1A). This simulated
a model where the cancer cells themselves had Hsp70 intact,
but the surrounding tumor microenvironment (immune cells,
stromal cells, etc.) either had endogenous (WT mice) or was
null for (Hsp70™") heat shock protein 70 (Supplementary
Figure 1B). In the absence of Hsp70 in the TME, we saw
reduced KPC tumor growth (Figure la). In a separate experi-
ment, this decrease in tumor growth translated to improved
survival in mice lacking Hsp70 in their TME (Median survival
Hsp70™" vs WT: 60 vs 49 days, log rank p value<.001)
(Figure 1b). To rule out model and cell line-specific effects,
we performed similar experiments using alternate models and
cell lines. In a surgical implantation model derived from
tumor-bearing KPC mice,'® Hsp70_/ " mice had much smaller
tumors (Supplementary Figure s1C). To exclude cancer type-
specific effects, we confirmed these results using the colon
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Figure 1. Hsp70 in the TME modulates tumor growth and metastasis in multiple animal models independent of the stromal compartment. . (a) 3000 KPC cancer cells
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cancer cell line MC-38. Subcutaneous implantation of MC-38
colon cancer cells in Hsp70™" mice resulted in a similar
remarkable decrease in tumor growth, when compared to
WT mice (Figure 1c). Similarly, when B16-F10 cells, a highly
aggressive malignant melanoma cell line, were subcutaneously
implanted in Hsp70 ™'~ mice (Figure 1d), significantly decreased
tumor growth was observed when compared with WT mice. In
a more aggressive model of syngeneic pancreatic cancer, ortho-
topic implantation of PKT cancer cells also resulted in smaller
tumors, but the findings did not reach statistical significance
(Supplementary figure 1D).

Since our studies demonstrated that Hsp70 in TME sup-
ports tumor growth, we next focused on identifying the
mechanism. For this, TME was broadly divided into the can-
cer-associated fibroblast (CAF) compartment and the immune
compartment. We first focused on the stromal component of
the TME. While Hsp70~"~ mice had smaller tumors and lower
mitotic index as seen with lower Ki-67 staining, there was no
difference in morphology of tumors as well as the expression of
fibroblast activation markers (a-SMA and vimentin) or in
angiogenesis, as measured by CD-31 expression in tumor sec-
tions, between WT and Hsp70_/ " tumors. (Figure le). These
findings were confirmed with immunoblotting where expres-
sion of a-SMA and CD-31 was not significantly different
between tumors in WT and Hsp70™" mice (Supplementary
Figure 1E).

We further evaluated the role of Hsp70 in CAFs using an
experimental model simulating specific absence of HS70 in the
pancreatic stellate cells (PSCs), the major source of CAFs in
pancreatic cancer (Supplementary Figure s1F). In this experi-
ment, PSCs were harvested from Hsp70_/' or WT mice and
coinjected with KPC cancer cells into WT mice. This modeled
a TME with specific absence of Hsp70 in the stromal cells of
mice that were injected with Hsp70~"~ PSCs. KPC cancer cells
injected without PSCs were used as control without any exter-
nal stromal cell coinjection. At endpoint, mice lacking stromal
specific Hsp70 showed no difference in tumor growth com-
pared to control mice. Taken together, this points to a low
possibility of Hsp70 in CAFs modulating tumor growth in
PDAC TME.

Hsp70 in immune cells blunts the antitumor response

To evaluate the mechanism by which Hsp70 modulates
tumor growth in the TME, we next focused on the other
major component of the TME, the immune cells. We first
specifically evaluated the effect of immune cells lacking
Hsp70 on tumor growth by comparing the ability of
in vivo primed WT and Hsp70~'" splenocytes (obtained
from tumor bearing WT or Hsp70™~'~ mice) to kill cancer
cells in vitro. For this, we coincubated splenocytes with
cancer cells in vitro and cell proliferation was measured by
phase microscopy. As seen, splenocytes deficient in Hsp70
affected extensive cancer «cell death (Supplementary
Figure 2A). Next, we specifically evaluated the effect of
intracellular Hsp70 on the ability of CD8" cells to kill
cancer cells. For this, we isolated CD8" cells from KPC
orthotopic tumors growing in WT and Hsp70~’~ mice and
performed T cell cytotoxicity assay. As seen in Figure 2a
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(Schematic depiction in supplementary Figure 2B), CD8"
cells obtained from tumors in Hsp70™" mice exerted
greater cytotoxicity against cancer cells compared to
those obtained from tumor in WT mice. To further con-
firm the role of cytotoxic T cell response in decreased
tumor growth observed when Hsp70 is lacking in the
TME, we used CD8" T cell depletion approach. For this,
KPC cells were implanted into WT and Hsp70~'~ mice and
antibody-mediated CD8" cell depletion was performed.
We found that in the absence of these effector immune
cells, tumor growth reduction was not seen in Hsp70~"
mice, confirming that a functioning anticancer immune
system is required for Hsp70 in the TME to modulate
tumor growth (Figure 2b). Confirmation of CD8 depletion
was performed using flow cytometry (Supplementary fig-
ure s2C). We also evaluated the cytokine expression in
CD8" T cells using RT-PCR to gauge their functional
phenotype. Although there was no difference in the
expression of Ifny, TNFa and IL-2 between CD8" T cells
isolated from tumor bearing WT or Hsp70~'" mice, intri-
guingly, expression of cytotoxic markers like Granzymes
B and K was significantly upregulated in CD8" T cells
from Hsp70~" mice (Supplementary figure 2D). It must
be noted that not only these CD8" cells lack Hsp70 but
also these cells were in the presence of antigen presenta-
tion machinery, which lacked Hsp70. This suggests that
Hsp70 affects the immune response and subsequently the
cytotoxic activity of CD8" cells.

We further validated the role of Hsp70 in immune cells
in shaping anticancer immune response using two separate
immunodeficient models. Briefly, the effect of adoptive
transfer of WT or Hsp70~"" splenocytes (Supplementary
Figure 2D) on the tumor growth and metastases was
evaluated (Figure 2c) in immunodeficient NSG (NOD-
scid IL2Rgamma™") mice, which lack both innate and
adaptive immunity. As expected, NSG mice receiving WT
splenocytes had smaller tumors compared to the mice that
did not receive any splenocytes. Intriguingly, mice receiv-
ing splenocytes from Hsp70™"" donors had significantly
smaller tumors compared to mice that received WT sple-
nocytes. These findings were confirmed using another
immunocompromised mouse model, the Ragl KO
(Ragl"™™°™) mice in an experiment using a similar
experimental protocol (Supplementary Figure 2E).
Furthermore, Ragl KO mice with orthotopic KPC tumors
demonstrate considerable intra-abdominal metastases and
adoptive transfer of WT splenocytes in this model mark-
edly decreased the intra-abdominal metastases. Indeed, the
reduction of intra-abdominal metastases was much more
marked with adoptive transfer of Hsp70~’~ splenocytes,
when compared to WT splenocytes (Figure 2d). These
together suggest that lack of Hsp70 in immune cells ener-
gizes the anticancer immune response.

Given that our data suggest that the decreased tumor
growth observed when Hsp70 is lacking in TME is depen-
dent on immune cells, we evaluated the effect of cancer
challenge on Hsp70 levels in immune cells. KPC orthoto-
pic tumors were implanted in WT mice and after two
weeks, splenocytes and leukocytes were harvested and
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Figure 2. Hsp70 in the immune cells exerts an immunomodulatory effect. (a) Ex vivo, CD8" cells isolated from tumors of WT or Hsp70'/' mice were coincubated with KPC
cells and target cell cytotoxicity was measured using LDH release at 24 hours, n = 4 in each group. Appropriate controls are shown in supplementary figure. (b)
Orthotopic tumor-bearing WT or Hsp70™" mice were depleted of CD8" cells using an anti-CD8 monoclonal antibody (mAB). Isotype antibodies were used as control.
Tumor growth was measured at 28 days. (c) NSG mice were implanted with KPC cells and received (i) no splenocytes or in vivo primes (i) WT or (i) Hsp70~"" splenocytes.
Tumor weights were measured at endpoint at 28 days. (d) In a similar setup, tumor-bearing Rag1 KO mice received adoptive transfer of WT or Hsp70™" splenocytes.
Metastatic spread was evaluated at endpoint after 28 days. (e) KPC tumor-bearing WT mice or naive WT mice were sacrificed after two weeks of tumor implantation and
Hsp70 expression in their leukocytes and splenocytes was measured by flow cytometry, n = 3-5 in each group. (f) Expression of MHCII in DCs of tumor-bearing and
tumor-naive WT and Hsp70~" mice was measured by flow cytometry, n = 3-5 in each group. (g) KPC cells were implanted into the pancreas of WT or Hsp70~~ mice.
Infiltration of CD11c™ and CD45* dendritic cells expressing MHCIl and TNFa was measured, n = 5-7 in each group. (h) WT or Hsp70"" DCs were harvested from
respective mice and incubated with KPC cell tumor lysates (TL) for 72 hours in vitro. Then, TNF-a, MHC Il expression was measured in CD45* and CD11¢* DCs using flow
cytometry, n = 3 in each group. Bars represent mean + SEM. Each dot represents individual animal in respective figures, except when otherwise mentioned in figure
legend. * represents p value <.05 and ns represents p value>.05.

Hsp70 expression was evaluated by flow cytometry. We response compared to tumor-naive Hsp70~"~ mice. This
observed that cancer challenge led to an increase in the finding was further corroborated when we looked at the
expression of Hsp70 in both leukocytes and splenocytes, tumors themselves (Figure 2g). Dendritic cells from ortho-
when compared to tumor-naive mice (Figure 2e). Next, to topic KPC tumors growing in Hsp70~’~ mice demonstrated
further characterize the role of this increased Hsp70 significantly greater expression of antitumor molecules,
expression in the resultant immune response, we evaluated MHC-II and TNF-a, suggesting that these cells initiated
the expression of MHCII in DC of tumor-bearing mice. As a more robust immune response. We found this to be true
seen in figure 2f (flow cytometric curve is shown in in vitro as well. WT and Hsp70~~ DCs were isolated from
Supplementary figure s2F), orthotopic tumor challenge in respective donor mice. They were then incubated with
WT mice did not significantly increase the expression of KPC cancer cells. WT dendritic cells did not significantly
MHC-II, a marker of antigen presentation capacity, in the increase their expression of antitumor cytokines like TNF-
splenic dendritic cells. However, in Hsp70™"~ mice, splenic a, while, in the absence of Hsp70, dendritic cells increased
dendritic cells had a significantly increased MHC-II their expression of TNF-a and MHC-II almost five-fold



(Figure 2h). We next investigated whether dendritic cells
from Hsp70’/' mice can stimulate antitumor immunity in-
vivo. Dendritic cells, isolated from tumor-bearing WT and
Hsp70™"" mice, were adoptively transferred into tumor-
bearing WT mice. While WT DCs failed to exert any
antitumor effect upon adoptive transfer, Hsp70™"~ DCs
were able to show a strong trend toward decreased
tumor burden, although it failed to reach statistical sig-
nificance (p = .1). Thus, it appears that depletion of Hsp70
in dendritic cells leads to their increased activation and
improved antitumor immune response. While the mechan-
ism by which Hsp70 in DC affects their antigen presenta-
tion machinery is not known, it is possible that this may be
mediated by induction of ER stress, as suggested by recent
work by Cubillos-Ruiz and colleagues.'”

Another finding of note was that tumor-infiltrating
macrophages (F4/80+ cells) too had greater expression of
MHC-II in Hsp70™" tumors (Supplementary figure s2G).
However, when F4/80+ cells were selectively depleted in
both WT and Hsp70~'~ mice (Supplementary figure 2H),
the difference in these tumors persisted, suggesting that
macrophages were not the primary cells driving this phe-
nomenon. These findings differ from the ones by Gabai
and colleagues who show that Hsp70™"~ macrophages exert
an antitumorigenic effect in cancers.'® This discrepancy
may be a result of differences in cancers studied, models
used and local factors such as differences in microbiome.
Curiously, although the tumors from Hsp70~" mice
showed a disposition toward greater expression of TNFa
in both CD4" and CD8" T cells, they did not reach
statistical significance (Supplementary figure 2I) excluding
T cells as primary mediators as well.

There are certain limitations to our work. Although our work
highlights the broad role of antigen presenting cells in modulating
the dysfunctional immune system in cancers, we have not looked
at the exact molecular pathways that bring about the dysregulation
of antitumor response in Hsp70*'* dendritic cells. The next phase
of our investigation will focus on studying this in greater detail.

In summary, our study suggests that Hsp70 in immune
cells attenuates anticancer immune response and depletion
of Hsp70 in TME leads to enhancement of anticancer
immune response and decreased tumor growth. In our
experiments, dendritic cells were shown to be significantly
responsive to the absence of Hsp70 and reacted by exerting
a robust antitumor response. We show that tumor mediates
an enhanced heat shock response in immune cells, which,
in turn, leads to blunted antitumor immune response.
Fundamentally, like the role of immune checkpoint
pathways,"” our findings elucidate another mechanism by
which  tumors escape host immune response.
Immunotherapy in pancreatic cancer suffers from poor
response in patients.' Dendritic cell vaccinations against
pancreatic cancer have shown some promise but lack
efficacy.” Engineering Hsp70-deficient dendritic cells as
tumor vaccination strategies either in combination with
immunotherapy or as perioperative strategies could prove
to be effective adjuncts to the treatment of pancreatic can-
cer and merit consideration.
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