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Metastatic colorectal cancer (CRC) is poorly immunogenic, with limited neoantigens that can

be targeted by cancer vaccine. Previous approaches to upregulate neoantigen have had limited
success. In this study, we investigated the role of a DNA methyltransferase inhibitor (DNMTi),
5-aza-2'-deoxycytidine (DAC), in inducing cancer testis antigen (CTA) expression and evaluated

the antitumor efficacy of a combinatorial approach with an epigenetically regulated cancer vaccine
EpiGVAX and DAC. A murine model of metastatic CRC treated with combination therapy with an
irradiated whole-cell CRC vaccine (GVAX) and DAC was used to assess the antitumor efficacy.

DAC significantly induced expression of CTAs in CRC, including a new CTA Tra-P1A with a known
neoepitope, P1A. Epigenetically modified EpiGVAX with DAC improved survival outcomes of GVAX.
Using the epigenetically regulated antigen Tra-P1A as an example, our study suggests that the
improved efficacy of EpiGVAX with DAC may due in part to the enhanced antigen-specific antitumor
immune responses. This study shows that epigenetic therapy with DNMTi can not only induce new
CTA expression but may also sensitize tumor cells for immunotherapy. Neoantigen-based EpiGVAX
combined with DAC can improve the antitumor efficacy of GVAX by inducing antigen-specific
antitumor T cell responses to epigenetically regulated proteins.

Introduction

Colorectal cancer (CRC) is the third most commonly diagnosed cancer worldwide and the second leading
cause of cancer-related death in the US. The 5-year survival rate for CRC combined at all stages is 65%);
however, about 25% of patients present with hepatic metastases at diagnosis and more than 70% patients
will eventually develop hepatic metastases (1-5). Resection of colorectal liver metastases represents the
only chance of cure; however, 75% of patients present with unresectable disease (3). For patients with
CRC with unresectable liver metastases, chemotherapy alone only has a palliative role and rarely results in
prolonged survival, with only a 11% 5-year survival rate or less (5, 6). Immunotherapy, specifically PD-1/
PD-L1 checkpoint inhibitors, has provided significant advancements in treating more than 10 types of
cancers (7). Indeed, checkpoint blockade in microsatellite-unstable metastatic CRC, which affects 15%
of all patients with CRC, has shown significant clinical benefit (8). However, the vast majority of patients
with CRC have microsatellite-stable disease, where checkpoint inhibitors are largely ineffective (9). The
resistance of CRC to immunotherapy has in part been attributed to its poor tumor immunogenicity, with
limited immune cell infiltration within the tumor microenvironment (TME) (10, 11).

Used in multiple tumor types, cancer vaccines induce infiltration of immune cells into the TME. A can-
cer vaccine composed of irradiated, allogeneic cancer cells and GM-CSF-secreting bystander cells, GVAX,
has been widely studied (12-14). In a phase Ib clinical trial, our group previously demonstrated that a sin-
gle dose of neoadjuvant GVAX, composed of pancreatic cancer cells with or without immunomodulatory
doses of cyclophosphamide, induced formation of tertiary lymphoid structures within 2 weeks of adminis-
tration in 85% of vaccinated patients, whereas intratumoral tertiary lymphoid structures were not present
in unvaccinated patients (ClinicalTrials.gov NCT007272441) (15, 16). These tertiary lymphoid structures
contain organized and enriched T cell and B cell zones, and immunotherapy-naive patients who develop
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similar lymphoid structures have been shown to have improved survival (16, 17). Additionally, our group
has shown that GVAX induces a systemic antigen-specific (mesothelin) T cell response (15, 18-22). After
observing promising immunologic responses in pancreatic cancer patients receiving GVAX, the efficacy of
GVAX in treating metastatic CRC was also tested. In a phase I study, 9 metastatic patients with CRC were
given 4 doses of GVAX composed of CRC cells in the adjuvant setting; GVAX has been shown to be safe
and enhance the production of antibodies against a specific tumor-associated antigen, MUC1, suggesting
antigen-specific immune responses may be initiated by GVAX. Tumor-associated antigen immune respons-
es were detected in 4 of 9 subjects (23). This immune response needs to be further studied; whether it is a
humoral immune response or a T cell-mediated immune response initiated by cancer vaccine, these findings
suggest that GVAX may initiate an antigen-specific immune response. However, GVAX only demonstrated
limited clinical efficacy in various cancer types in clinical trials, despite stimulating immune response in
patients (15), highlighting the needs to make tumor vaccination more potent.

Recent studies show that inhibition of epigenetic modification, specifically DNA methylation, can
induce immune responses in tumor cells (24-26). DNA methylation inhibits expression of genes in pro-
moter regions (27). An FDA-approved DNA methyltransferase inhibitor (DNMT1), 5-aza-2’-deoxycytidine
(DAC), upregulates expression of cancer testis antigens (CTAs) in CRC cells, such as DAZL, which are nor-
mally expressed in early embryonic and germ cells but silenced in mature somatic cells due to DNA meth-
ylation at promoter regions (25, 28). Additionally, the CTA MAGE family is subject to DNA methylation
at promoter regions, and inhibition of DNA methylation allows the reexpression of MAGEs (29-31). Thus,
inhibition of DNA methylation allows the reexpression of CTAs, which can potentially be recognized by
the host immune system to enhance antitumor responses. DNMTi holds great potential for improving
the efficacy of immunotherapy, including the cancer cell vaccine, GVAX. We propose that combinatorial
GVAX and DNMTi can improve the survival of metastatic CRC by enhancing antigen-specific antitumor
CDS8* T cell immune responses that target CTAs.

Results

Epigenetic modifier, DAC, induces CTA expression in a murine colorectal tumor CT26 cell line. A previous study
has shown that a DNMTi, DAC, can upregulate CTA expression in multiple cancer cells, including CRCs,
which can potentially be targeted by GVAX vaccine (25). To confirm their results and test the expression
of more CTAs, we first investigated if DAC can induce the upregulation of a panel of 10 CTAs, selected
from previously reported novel CTAs, based on literature (25). We conducted real-time PCR to study the
expression of these genes before and after DAC treatment in the CT26 colorectal tumor cell line. Among
10 genes, 7 genes showed induction after DAC treatment, among which CTA Magea9 showed a more than
40-fold induction and Oasl/I showed an approximately 13-fold induction at mRNA level (Figure 1A). One
new CTA, Tra-P1A4 was also shown to be induced by DAC in the CT26 tumor line with a known epitope,
P1A (LPYLGWLVF) (32). We observed a 35-fold induction of Tra-PIA expression at mRNA transcript
level in CT26 tumor cells after DAC treatment (Figure 1B). Currently there is no antibody available to test
Tra-P1A protein expression. As a result, we conclude that DAC can upregulate a wide range of CTA genes
and could potentially prime tumor cells for more effective GVAX therapy.

Optimized GVAX vaccine using DAC (EpiGVAX) in combination with DAC improves survival outcomes of GVAX
in a metastatic CRC murine tumor model. A previous study shows that CTAs are immunogenic and can initiate
immune responses (33). Since we have demonstrated that DAC can induce CTA expression, we hypothesized
these upregulated CTAs by DAC can potentially bolster the effectiveness of the cancer vaccine GVAX. As a
result, combining DAC and GVAX may further improve survival outcomes of metastatic CRCs compared
with GVAX alone. To test this hypothesis, we used a previously reported preclinical murine model of hepatic
metastases (34), in which the CT26 colorectal tumor cells were injected into a hemispleen on day 0 to gener-
ate liver metastases, with removal of the injected hemispleen at the time of the operation/tumor inoculation.
‘We first showed that combination of GVAX with DAC did not enhance the antitumor efficacy of GVAX (Sup-
plemental Figure 1A and Supplemental Table 1; supplemental material available online with this article; https://
doi.org/10.1172/jci.insight.136368DS1). This result suggested that timing of DAC may be important in prim-
ing the TME for enhanced antitumor immune response. We then tested 3 dosing schedules for combination of
GVAX and DAC as follows: DAC on days 3—7 before GVAX on day 11 (GVAX+DAC), DAC on days 11-15 with
GVAX on day 11 (GVAX with DAC), and DAC on days 17-21 after GVAX treatment on day 11 (GVAX —
DAC) (Supplemental Figure 1B). Mice treated with GVAX alone and GVAX+DAC regimens showed a markedly
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Figure 1. Decitabine induces cancer testis antigen expression in CT26 colorectal tumor cells. (A) CT26 tumor cells were cultured in a T75 flask and treated
with decitabine (DAC) at a concentration of 1 uM for 72 hours. Cells were harvested for quantitative real-time reverse transcription gPCR analysis, and
expression of 10 CTAs at mRNA transcript level was tested. Data represent mean + SEM from triplicate of 1 representative experiment that was repeated
twice. (B) Expression of 1 CTA Tra-P1A at mRNA transcript level was tested after DAC treatment. Both fold change compared with normal CT26 control and
Ct values are presented. Data represent mean + SEM from triplicate of 1 representative experiment that was repeated twice.

insight.jci.org

enhanced antitumor response, with no visible evidence of tumor compared with mice without any treatment
or with DAC as single agent (Supplemental Table 2). GVAX+DAC and GVAX with DAC regimens initiated a
higher level of IFN-y expression in liver-infiltrating lymphocytes and splenocytes compared with GVAX — DAC
(Supplemental Figure 1, C and D). Based on these results, we adopted a GVAX+DAC regimen for optimization.
‘We hypothesized that the reason different combination regimens of GVAX with DAC did not further enhance the
antitumor effect of GVAX was because without priming by DAC during the preparation of GVAX, GVAX was
not able to initiate CTA-specific T cells that can match to the tumor antigens presented by tumor cells upregulated
by DAC. To further improve the efficacy of combination therapy of GVAX with DAC, we generated a previously
unknown vaccine EpiGVAX by pretreating the CT26 tumor cells used in the GVAX with DAC at a concentration
of 1 uM for 72 hours. Our hypothesis was that EpiGVAX is made of cancer cells that are pretreated with DAC,
which have upregulated expression of a range of CTAs. Tumor cells within mice are treated with DAC system-
ically to upregulate CTA expression. We hypothesized T cells that are activated by EpiGVAX will recognize the
tumor cells that present the same tumor antigens epigenetically regulated by DAC and, as a result, kill the tumor
cells (see below). We tested the efficacy of EpiGVAX using the same hemispleen model (as above). We first found
that EpiGVAX alone had a similar antitumor efficacy as GVAX alone and a slightly improved efficacy compared
with no treatment; however, the EpiGVAX combined with DAC (EpiGVAX+DAC) regimen had a better effica-
cy than EpiGVAX alone (data not shown). This result confirmed our hypothesis that EpiGVAX itself may not
be sufficient and that inclusion of DAC in vivo is crucial to augment the antitumor immune response and the
overall efficacy of EpiGVAX. We subsequently repeated the experiment testing the efficacy of EpiGVAX+DAC,
GVAX+DAC, and DAC alone (Figure 2A). Our analysis was preplanned to follow mice for survival for 50 days.
Combination treatment of EpiGVAX+DAC showed the best antitumor response with statistically significant
improved survival compared with single agent GVAX (P = 0.0301). There was a survival advantage trend toward
EpiGVAX+DAC over the GVAX+DAC regimen, but it was not statistically significant (P= 0.0671) (Figure 2B
and Table 1). After 50 days, mice given the EpiGVAX+DAC regimen started to die at a similar rate as mice given
GVAX+DAC or GVAX regimen, and half of them died by 90 days, which is likely due to insufficient treatment,
with only 1 treatment cycle. These results show that the EpiGVAX+DAC regimen improves survival outcomes of
GVAX in a metastatic CRC murine tumor model.

EpiGVAX in combination with DAC enhances antigen-specific antitumor immune responses in a metastatic
CRC murine tumor model. DAC can induce upregulation of Tra-PIA in CT26 tumor cells; therefore, the
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Figure 2. The EpiGVAX+DAC treatment regimen improves the survival outcome of GVAX in a murine liver metastatic
model. (A) 2 x 10° CT26 tumor cells were inoculated via a hemispleen surgery on day 0. Mice were treated with GVAX or
EpiGVAX at day 6, and DAC was dosed from day 2 to day 6 consecutively for 5 days. Mice were followed for survival. (B)
Mice were followed for survival for 50 days, and the survival percentage at day 50 was calculated. n = 10 mice per group.
Data represent 1 representative experiment that was repeated twice. Survival statistical analysis was done by using
log-rank test adjusted by multiple testing. *P < 0.05.

P1A epitope can potentially be used as neoepitope to demonstrate an antigen-specific antitumor T cell
response (Figure 1B). The P1A epitope binds with MHC class I molecule that can be recognized by CD8*
T cells. A previous study has also shown that antitumor systemic immunity of GVAX is CD8* dependent
(13). We sought to use P1A to interrogate whether EpiGVAX could induce an antigen-specific CD8 T cell
response. To test levels of P1A-specific antitumor T cell responses induced by different treatment groups,
flow cytometry analysis was performed using P1A-specific pentamer staining on CD8* T cells isolated from
murine liver-infiltrating lymphocytes. The P1A-specific CD8" T cell population expanded significantly
upon GVAX vaccine treatment compared with control mice without tumor (P = 0.0017). EpiGVAX+DAC
showed a trend toward further increasing the PIA*CDS8* T cell population; however, this increase was not
statistically significant (P = 0.4374). Interestingly, a lower percentage of the PIA*CD8* T cell population
was observed in the GVAX+DAC treatment group compared with the group treated with GVAX alone
(P=0.0896). A decreased percentage of PIA*CDS8* T cell population was also observed in the DAC alone
group compared with the tumor-bearing control mice without treatment, although the difference was not
statistically significant (P = 0.6052) (Figure 3). Using CTA Tra-P1A as an example, this study suggests that
both GVAX alone and EpiGVAX+DAC were able to induce the expansion of Tra-P1A antigen-specific
CD8" T cell pools, which may account for their observed survival benefits.

Discussion

Our study confirmed that DNMTi was able to upregulate the expression of CTAs, and, more importantly, we
identified many CTAs that can also be epigenetically regulated by DNMT], including Oasi1, Oas2, Magea9, and
Tra-P1A. This result suggests DNMTi may initiate reexpression of a wide array of CTAs. With the rationale
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Table 1. Day 50 interim analysis of mouse survival

Treatment groups (n = 10) % Survival at day 50 P value
(versus EpiGVAX+DAC)
by 2-sided y? test

Tumor only 0 <0.0001
GVAX 60 <0.05
GVAX+DAC 70 0.0603
EpiGVAX+DAC 100

that DNMTi1 may sensitize tumor cells for immunotherapy through induced CTA expression, our study devel-
oped a previously known epigenetically modified cancer vaccine approach and demonstrated improved effica-
cy with combination therapy with EpiGVAX+DAC in a preclinical model compared with GVAX or DAC as a
single agent. EpiGVAX+DAC is able to initiate an antitumor-specific CD8" T cell response by expanding the
neoantigen-specific CD8* T cell pool, which may account for their yielded survival benefits.

In this study, EpiGVAX is made of cancer cells that are pretreated with DAC, which have upregulated
expression of a range of CTAs. GM-CSF cytokine recruits dendritic cells to process and present CTAs
from EpiGVAX to activate T cells. Tumor cells within mice are treated with DAC systemically to upreg-
ulate CTA expression. T cells that are activated by EpiGVAX will recognize the tumor cells that present
the same tumor antigens epigenetically regulated by DAC and as a result kill the tumor cells. Without
DAC treatment, EpiGVAX-induced CTA-specific T cells would not match to the tumor antigens presented
by tumor cells (Figure 4). The study results confirmed our hypothesis and suggested that the combina-
tion treatment with EpiGVAX+DAC showed improved antitumor efficacy and potential neoantigen T cell
expansion in vivo. They also explained why a simple regimen of GVAX+DAC did not show a survival
benefit, as without priming by DAC, GVAX was not able to initiate CTA-specific T cells that can match to
the tumor antigens presented by tumor cells upregulated by DAC. However, the survival advantage of the
GVAX+DAC regimen over that of GVAX was not statistically significant. The T cell expansion property
of the GVAX+DAC regimen over that of GVAX was also not statistically significant. These results suggest
that upregulation of CTA expression may not be sufficient to sensitize the tumor cells for immunotherapy,
thus only yielding limited efficacy and neoantigen-specific T cell expansion. Interestingly, a lower percent-
age of P1A antigen-specific CD8" T cells was observed in the GVAX+DAC regimen compared with GVAX
alone, as a similar decreasing trend was also observed in the DAC single-agent regimen. This result suggests
a potential role of DAC in decreasing neoantigen-specific T cell response, which may due to its toxicity to
T cells, and requires further studies. This may also explain the decreased efficacy of GVAX when combined
with DAC in postvaccination conditions, as cytotoxic T cells may be killed by DAC. In addition, the immu-
nomodulating roles of DAC to GVAX will be further studied.

This study supports the rationale that DNMTi can induce neoantigen-specific T cell response by induc-
ing the expression of CTAs that can be recognized as neoantigens and yield survival benefit. However,
the survival advantage of combination treatment of EpiGVAX+DAC is still limited, which suggests that
upregulation of neoantigens itself may not be sufficient to initiate neoantigen-specific T cell responses.
Other crucial mechanisms in generating neoantigen-specific T cell responses remain to be explored. In
addition, the neoantigen-specific T cells may present exhausted phenotype within TME. Thus, additional
immunomodulators may also be necessary to prevent the CD8" cytotoxic T cells from undergoing immu-
noexhaustion, such as PD-1/PD-L1 checkpoint blockade. To address the concern of T cell exhaustion, the
efficacy of combination therapy with an EpiGVAX+DAC+anti-PD1 regimen will be tested.

One limitation of this study is that only a single colon cell line is studied. CT26 is the only well-char-
acterized murine syngeneic colon carcinoma cell line. Therefore, the conclusion in this preclinical study
will need to be validated in the human clinical studies of GVAX. To initiate liver metastasis we used the
hemispleen model, which does not fully mimic the progression of liver metastasis in CRC, which is col-
orectum to liver metastasis. The colorectal microenvironment may alter the epigenetic states of CRC, and
thus orthotopic transplantation to the colon will be conducted to further validate our findings. Based on this
study, the sequence of treatment with DAC and GVAX appears to be critical. Having DNMTi treatment
before GVAX treatment yielded the better survival benefit. However, in human studies, such a combination
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Figure 3. EpiGVAX+DAC induces Tra-P1A antigen-specific antitumor immune response. Liver metastatic CT26 colorectal
tumor-bearing mice were sacrificed on day 17 after surgery, and flow cytometry analysis was performed on CD8* T cells
isolated from liver-infiltrating immune cells isolated from mice. n = 3 mice per group. Percentages of P1A*CD8" T cells were
compared among different treatment groups. Isolated immune cells from mice in the same treatment group were pooled
and measured in triplicate. Data represent 1representative experiment that was repeated twice. Multiple comparisons of
unpaired 1-way ANOVA test with Tukey’s P value adjustment were used for statistical analysis. **P < 0.01.

of DNMTi and EpiGVAX will be administered as multiple cycles; as a result, the differential effect of the
sequencing of DNMTi in inducing CTA expression for priming GVAX treatment may be abrogated. Thus,
the effects of multiple cycles of therapy will be investigated in future studies.

As previously discussed, DAC may have a cytotoxic effect on T cells, requiring further research to
confirm the optimal dosage in human studies. Potential effects of DAC on other immune cells, including
myeloid cells, remain to be explored. Tra-PI14 is specific for mice with no human homolog; moreover,
neoantigen expression in humans is highly dynamic and patient specific (35). Further studies are required
to identify consistent neoantigens as biomarkers to track neoantigen-specific T cell responses initiated by
combination therapy with EpiGVAX+DAC in human studies.

Our study shows that the epigenetic modifier DNMTi can not only induce new CTA expression, but
also sensitize tumor cells for immunotherapy and yield an improved efficacy with combination therapy
of EpiGVAX+DAC in a preclinical model by inducing neoantigen-specific T cell response. This study
uncovers a role of epigenetic modifiers in modulating immune responses by regulation of CTA expres-
sion. As a result, different epigenetic modifiers, including DNMTi, may have broader applications in
inducing CTA expression that can be combined with cancer cell vaccines to augment antigen-specific T
cell activation and increase the efficacy of cancer cell vaccines in different tumor types, particularly solid
tumors with fewer tumor-infiltrating lymphocytes and less T cell activation. Regarding clinical studies, in
a phase I clinical trial, 9 patients with unresectable liver-predominant metastases were given DAC through
hepatic arterial infusion on 5 consecutive days every 4 weeks. The results showed that DAC has a safe
profile at a dose level of 20 mg/m?/d, with grades 1 and 2 hematological toxicity being the most frequent
treatment-related adverse event; none of the patients experienced treatment-limiting adverse events. More
importantly, upregulation of 21 of the 30 CTAs being tested was observed comparing pretreatment and
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Figure 4. A working model of EpiGVAX in treating colorectal cancer. GVAX is made of cancer cells that express tumor
antigens and are genetically modified to express GM-CSF cytokine. EpiGVAX is made of cancer cells that are pretreated
with DAC, which have upregulated expression of a range of CTAs. GM-CSF cytokine recruits dendritic cells to process
and present CTAs from EpiGVAX to activate T cells. Tumor cells within mice are treated with DAC systemically to upreg-
ulate CTA expression. T cells that are activated by EpiGVAX will recognize the tumor cells that present the same tumor
antigens epigenetically regulated by DAC, and as a result these T cells kill the tumor cells.

posttreatment biopsies (36). In another phase I clinical trial in which a small number of patients with
advanced NSCLC who progressed after receiving low-dose epigenetic therapy DAC were given immune
checkpoint therapy, about 20% of the patients responded to immune checkpoint therapy alone (37, 38).
These clinical trial results further support our hypothesis that DAC can be used safely to sensitize immu-
notherapy through upregulation of CTA expression. Due to the highly dynamic nature of neoantigens
present in patients, further studies are required to identify consistent neoantigens as biomarkers to track
neoantigen-specific T cell responses following combination therapy with EpiGVAX and DAC. Neverthe-
less, combination therapy with EpiGVAX+DAC showed improved antitumor efficacy in a CRC preclini-
cal model, which warrants further investigation in human studies for CRCs.

Methods

Cell lines and medium. CT26 BALB/c colorectal carcinoma was generated by injection of methylcholan-
threne as previously described (39). The CT26-HA cell line was established by transfecting CT26 cells
with a plasmid encoding the influenza-derived HA gene by electroporation (40). CT26 and CT26-HA
cells were maintained in an incubator at 37°C with 5% CO, in RMPI 1640 media (Life Technologies)
supplemented with 10% heat-inactivated fetal bovine serum (HI-FBS, Benchmark), 1% penicillin/
streptomycin (pen/strep, Life Technologies), 1% Minimum Essential Media-Non-Essential Amino
Acids (MEM-NEAA, Life Technologies), 1% sodium pyruvate (MilliporeSigma), 1% L-glutamine
(Life Technologies), 1% HEPES (Life Technologies), and 0.05% 2-mercaptoethanol (MilliporeSigma).
B78H1 is an MHC class I murine fibroblast cell line engineered to secrete GM-CSF (41). B78H1
cells were cultured in an incubator at 37°C with 5% CO, in RMPI 1640 media (Life Technologies)
supplemented with 10% HI-FBS, 1% pen/strep, and 1% L-glutamine. Harvested tumor-infiltrating
immune cells were processed in complete media, which is made of RPMI media supplemented with
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10% HI-FBS, 1% pen/strep, 1% HEPES, 1% MEM-NEAA, 1% L-glutamine, and 0.05% 2-mercap-
toethanol. The cell lines were tested for mycoplasma every 6 months.

Mice and in vivo experiments. Six- to eight-week-old BALB/ c female mice were purchased from The Jackson
Laboratory. For survival studies, mice were monitored for up to 100 days. Mice considered to have reached a
“survival endpoint,” including hunched posture, lethargy, dehydration, and rough hair coat, were euthanized.

CT?26 tumor cell inoculation was performed when the mice reached 7-9 weeks of age. The hemispleen
injection was used for tumor inoculation on day 0 as described previously (41). In brief, mice were first
anesthetized, a left subcostal incision was made, and the spleen was then eviscerated, clipped, and divided
into 2 half spleens. 2 x 10° CT26 or 2 x 10° CT26-HA tumor cells resuspended in 100 pL PBS (Gibco) were
injected into the spleen half without leakage and flushed with 150 puL. PBS in the same syringe. The half
of the spleen through which the tumor cells were injected was then removed to avoid residual tumor cells,
leaving the other half of the spleen in the mouse. The peritoneum and the skin were then sutured. Follow-
ing this procedure, diffuse liver metastases developed, and all untreated mice died in 4-6 weeks (34,42).

DAC (MilliporeSigma, A3656) was dissolved in DMSO and was administered i.p. at 0.14 mg/kg per
mouse on followed the treatment schema shown in Figure 2A and Supplement Figure 1B. Murine GVAX
vaccine was made by combining 1 x 10 CT26 cells and 1 x 10° B78H1 cells in PBS to make a total cell con-
centration of 20 x 10° cells/mL. Murine EpiGVAX vaccine was made by combining 1 x 10¢ DAC-treated
CT26 cells and 1 x 10° B78H1 cells in PBS to make a total cell concentration of 20 x 10° cells/mL. CT26
cells were pretreated with DAC for 72 hours at a concentration of 1 uM before making EpiGVAX. The cell
suspension was then irradiated at 50 Gy and administered subcutaneously in 3 locations, bilateral flanks and
one of the upper limbs, at 100 pL per injection with a total number of 6 x 10° cells injected per mouse. Cyclo-
phosphamide (Bristol-Myers Squibb) was administered i.p. at 100 mg/kg 1 day before GVAX vaccination for
Treg depletion as previously reported (15, 43).

DAC treatment. CT26 cells were cultured in 30 ml media in a T175 cell flask (Corning). When CT26
cells reached 80% confluence, cells were treated with DAC at a concentration of 1 puM for 72 hours, and
then the cells were harvested for RNA analysis.

Quantitative real-time reverse transcription PCR. TRIzol Reagent (Thermo Fisher Scientific) was used to
extract RNA from CT26 cells. RNA was then converted to cDNA using the Superscript I1I First Strand Syn-
thesis Supermix Kit (Thermo Fisher Scientific). Quantitative RT-PCR was performed on the StepOnePlus
Real-time PCR System (Thermo Fisher Scientific) and analyzed by the StepOne software (V2.1). The expres-
sion of genes was quantified by SYBR Green (Applied Biosystems) fluorescence. All gene expression was
normalized to the expression of B-actin. All PCR reactions were performed in triplicate.

Processing of liver metastasis-infiltrating lymphocytes. Liver metastasis-infiltrating lymphocytes were
analyzed on day 15 following CT26 tumor inoculation, with different treatment courses shown in
Figure 3. Each liver was mechanically processed sequentially through 100-um and 40-um nylon filters
and brought to a volume of 25 mL complete media. Cell suspensions were centrifuged at 300 g for
5 minutes. Liver cells were resuspended in 4 mL ACK lysis buffer (Quality Biological) for 2 minutes
and were subsequently centrifuged at 300 g for 5 minutes. Liver cell pellets were then resuspended in
6 mL 80% Percoll (GE Healthcare Life Sciences), overlaid with 6 mL 40% Percoll, and centrifuged
for 25 minutes at 600 g with no brake at room temperature. The lymphocyte layer was collected by an
18-gauge needle and resuspended in 10 mL complete media.

Pentamer staining and flow cytometry. Following the isolation of liver metastasis colorectal tumor—infil-
trating immune cells, CD8" T cell enrichment was performed using a CD8" isolation kit (Life Technologies)
according to the protocols provided by the manufacturer. After enrichment, CD8" T cells were stained
with the Live Dead Aqua Dead Cell Kit (Invitrogen). The CD8* T cells were washed and subsequently
blocked with mouse Fc antibody (BD Pharmingen) for 10 minutes on ice followed by incubation of P1A
Pentamer-PE (Proimmune, 150) at 10 pL/per 100 pL sample for 15 minutes at room temperature. Cells
were washed with PBS and assayed on Cytoflex cytometer (Beckman).

Statistics. Kaplan-Meier curve was used for survival curve analysis, and log-rank test was used for surviv-
al curve comparison. One-way ANOVA was used for comparisons among multiple groups (=3), and Tukey’s
P value adjustment was used for multiple testing. Wilcoxon test or ¢ test was used continuous variable com-
parison between 2 unpaired groups, as appropriate. y* test or Fisher’s exact test was used for categorical vari-
able comparison between 2 unpaired groups, as appropriate. All tests were 2 tailed, and P values of less than
0.05 was considered statistically significant. Statistical analyses were done using GraphPad Prism software.

https://doi.org/10.1172/jci.insight.136368 8


https://doi.org/10.1172/jci.insight.136368

. RESEARCH ARTICLE

insight.jci.org

Study approval. All studies and maintenance of mice were conducted with the approval of and in accor-
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