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Abstract

Objective—Up to 12 % of all endometrial-carcinomas (EC) harbor DNA-polymerase-e-(POLE)
mutations. It is currently unknown whether the favorable prognosis of POLE-mutated EC is
derived from their low metastatic capability, extraordinary number of somatic mutations thus
imparting immunogenicity, or a high sensitivity to chemotherapy.
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Methods—Polymerase-chain-reaction-amplification and Sanger-sequencing were used to test for
POLE exonuclease-domain-mutations (exons 9-14) 131 EC. Infiltration of CD4+ and CD8+ T-
lymphocytes (TIL) and PD-1-expression in POLE-mutated vs POLE wild-type EC was studied by
immunohistochemistry (IHC) and the correlations between survival and molecular features were
investigated. Finally, primary POLE-mutated and POLE-wild-type EC cell lines were established
and compared /n-vitro for their sensitivity to chemotherapy.

Results—Eleven POLE-mutated EC (8.5%) were identified. POLE-mutated tumors were
associated with improved progression-free-survival (P<0.05) and displayed increased numbers of
CD4+ (44.5vs 21.8; P =.001) and CD8+ (32.8 vs 13.5; P < .001) TILs when compared to wild-
type POLE EC. PD-1 receptor was overexpressed in TILs from POLE-mutated vs wild-type-
tumors (81% vs 28%; P < .001). Primary POLE tumor cell lines were significantly more resistant
to platinum-chemotherapy /n-vitro when compared to POLE-wild-type tumors (P < 0.004).

Conclusions—POLE ultra-mutated EC are heavily infiltrated with CD4+/CD8+ TIL,
overexpress PD-1 immune-check-point (i.e., features consistent with chronic antigen-exposure),
and have a better prognosis when compared to other molecular subtypes of EC patients. POLE-
mutated tumor-cell lines are resistant to platinum-chemotherapy /n-vitro suggesting that the better
prognosis of POLE-patients is not secondary to a higher sensitivity to chemotherapy but likely
linked to enhanced immunogenicity.
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sequencing

Introduction

Endometrial cancer (EC) represents a major cause of morbidity and mortality in the US with
over 10,000 estimated deaths in 2016 [1]. The standard treatment modalities consist of
surgery, post-operative radiotherapy and/or chemotherapy. While the majority of patients
with EC have improved outcomes with these regimens, many patients fail to improve with
the conventional treatments, and are thus exposed to substantial toxicities without much
benefit.

The Cancer Genome Atlas (TCGA) network [2] has recently redefined the molecular
classification of EC. This new molecular classification provides evidence that these tumors
result from heterogeneous somatic mutations. The TCGA classifies EC into four categories:
1) polymerase epsilon (POLE)-ultra-mutated, 2) microsatellite instability hyper-mutated, 3)
copy-number low and 4) copy-number high, serous-like [2]. Of great interest, mutations in
the proofreading POLE gene were detected in 7-12% of EC patients [2-9] and thus
identified a group of ultra-mutated tumors (ie, 232 x 1076 mutations per Megabase). These
POLE mutated tumors, although with high grade features (i.e., G3), have a favorable
prognosis [2-9].

POLE constitutes a nuclear DNA polymerase endowed with intrinsic proofreading activity
[2-9]. Together with polymerase 6 (POLD), POLE is responsible for the bulk of
chromosomal DNA synthesis during cell division. Multiple studies in yeast and mammalian
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cells have shown that polymerase proofreading and post-replication mismatch repair (MMR)
represent the primary guardians of DNA replication fidelity [2-12]. Consistent with this
view, loss of function in one or both of these genes is known to dramatically increase the
number of spontaneous mutations [2—-12]. Most of the POLE mutations detected in EC [2]
cluster at invariate/highly conserved residues within, or near to, exo motifs required for
exonuclease activity. Structural mapping demonstrates that most POLE mutated tumors are
likely to compromise proofreading through perturbation of DNA binding.

It is currently not understood why patients with a POLE ultra-mutated phenotype may have
improved outcomes [2-9]. Along these lines, multiple non-mutually exclusive hypotheses
have been used to explain the favorable prognosis of POLE mutated EC patients. First, these
tumors may be less fit than other cancers, as a result of their extremely high number of
mutations, to quickly metastasize in the body. Second, due to their extraordinary number of
somatic mutations these cancers may be highly immunogenic for the host. Finally, because
of their defective DNA repair, they may be more sensitive to standard anti-cancer treatments
such as chemotherapy [13].

In this study, in an attempt to further increase our knowledge of the biological properties of
POLE mutated EC we have: a) sequenced the exonuclease domain of POLE (ie, exons 9 to
14) in 131 Type I (endometrioid) and Type Il (non-endometrioid) EC patients and evaluated
the association of POLE exonuclease mutations with survival; b) analyzed the infiltration of
CDA4+ and CD8+ T lymphocytes (TIL) and programmed cell death protein 1 (PD-1)
expression in POLE-mutated vs POLE wild type EC and lastly, c) established primary
POLE-mutated and POLE wild type EC cell lines and determined whether POLE-mutated
tumors may differ in their sensitivity to platinum-based chemotherapy in vitro. We report
evidence that POLE ultra-mutated tumors have a better prognosis when compared to POLE
wild type tumors and they are significantly more infiltrated with T cells. These tumors also
demonstrated a stronger up-regulation of the PD-1 immune check point receptors.
Importantly, primary POLE ultramutated EC cell lines were found significantly more
resistant to platinum but not paclitaxel when compared to primary POLE wild type EC /n
vitro. These results further support the hypothesis that the better prognosis of POLE patients
is not related to a higher sensitivity to chemotherapy, but likely linked to their enhanced
immunogenicity.

Patients and Methods

Specimens were obtained through the Gynecologic Oncology Section of the Obstetrics and
Gynecology Department and the Pathology Department at the University of Brescia School
of Medicine and at Yale University School of Medicine under approval of the Institutional
Review Board. Tumor DNA was extracted from fresh frozen tissue from 131 EC patients.
Haematoxylin and eosin-stained slides were reviewed and DNA extracted from consecutive
sections containing >75% cancer cells by standard methods. Clinico-pathological
information was obtained from medical records. Most patients (n = 96) had endometrioid
(Type I) tumors, while 35 patients had serous (Type I1) or mixed endometrioid/serous
histology and the remainder had less common subtypes. Patient characteristics and
molecular features of tumors included in the study are found in Table 1.
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Primary tumor cell lines

Fresh endometrial tumor cells were obtained from surgical specimens. Single cell
suspensions were obtained by processing solid tumor samples under sterile conditions at
room temperature as previously described [9]. Briefly, viable tumor tissue was mechanically
minced in 5 ml of enzyme solution [0.14% collagenase Type | (Sigma, St. Louis, MO) and
0.01% DNAse (Sigma, 2000 KU/mg)] in RPMI 1640 to portions no larger than 1-3 mms3
and placed into 250 ml trypsinizing flasks containing 20 ml more of enzyme solution. This
mix was then incubated on a magnetic stirring apparatus for 45 minutes at RT.
Enzymatically dissociated tumor was then filtered through 150 um nylon mesh to generate a
single cell suspension. The resultant cell suspension was then washed twice in RPMI 1640
plus 10% fetal bovine serum (FBS)(Sigma). Fresh tumor cell lines were maintained initially
in RPMI 1640, supplemented with 10% FBS at 37 °C, 5% CO,. Characteristics of the POLE
wild type and POLE-mutated EC cell lines used in this study are found in Table 2. In the in
vitro experiments described below we used both primary EC cell lines from early-passage
(<5) as well as late-passage cultures (> 50). During the in vitro growth we did not notice any
significant change in the doubling time or morphology of the cell line studied. All
experiments were performed with fresh or cryopreserved tumor cultures which had at least
90% viability and contained >99% tumor cells.

Molecular Analysis

The exonuclease domain of POLE (ie, exons 9-14) was assessed for mutations using PCR
amplification (AmpliTag DNA Polymerase Applied Biosystems) and Sanger sequencing.
Primers are provided in supplementary Table A. Briefly, PCR products were treated with
QIAquick PCR Purification Kit (cat. 28104, Qiagen) and sequenced (Applied Biosystems
3730xI DNA Analyzer) at the Keck DNA sequencing facility at Yale University School of
Medicine. Sequences were analyzed and all variants were tested in matched normal DNA to
determine if they were somatic or germline alterations.

Microsatellite instability (MSI) analysis

Primary cell lines MSI status was determined using a panel of five markers (BAT25, BAT26,
D2S123, D5S346 and BAT40) for Polymerase Chain Reaction (PCR) as well as standard
IHC techniques. Briefly, evaluation of MMR protein expression was performed on 5-pm
sections of the tissue or cell blocks using antibodies to MLH1 (clone G168-15, 1:75 dilution,
Biocare Medical, Concord, CA), PMS2 (clone A16-4, 1:300 dilution, Biocare Medical),
MSH6 (clone BC/44, 1:100 dilution, Biocare Medical) and MSH2 (clone FE11, 1:100
dilution, Biocare Medical). Detection was performed using the MACH 3 Mouse HRP-
Polymer Detection Kit (Biocare Medical). Chromogenic detection was achieved with
diamniobenzidine (Dako) and sections were counterstained with hematoxylin (Dako).
Results were evaluated by a board certified gynecologic pathologist experienced in MMR
protein immunohistochemical interpretation. Staining of any tumor nuclei was interpreted as
positive, with expression by lymphocytes and/or stromal cells considered a positive internal
control. Tumors were classified as MSI-low if they had one unstable marker, MSI-high if
they had two or more unstable markers and MSI-negative/MSS if all markers were stable by
PCR.
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Immunohistochemistry and evaluation of tumor associated lymphocytes (TIL)

Immunohistochemistry (IHC) was performed for CD3, CD4, CD8 and PD-1 on formalin
fixed paraffin embedded (FFPE) tissue samples using standard protocols. Briefly, a tissue
microarray (TMAS) was created from 48 formalin-fixed, paraffin-embedded EC and 25
normal endometrial (NE) tissues at the Department of Pathology, University of Brescia,
Italy. TMASs were built using an automated tissue microarrayer (TMA Master, 3DHistech,
Budapest, Hungary). Representative areas were chosen for sampling from haematoxylin and
eosin (H&E) stained sections of selected NE and EC cases. Four 0.6-mm cores were
collected from different areas of each tumor block in order to overcome sample
heterogeneity and the possible loss of tissue due to cutting. Four micron sections were cut
from TMAs and H&E staining was used for confirmation of tumor tissue. TMA serial
sections were subjected to double immunohistochemistry for PD-1 combined with CD3 or
CDa8. Briefly, after antigen retrieval (microwave oven 3x5” at 750 W in citrate buffer pH6.0),
sections were incubated 60’ at RT with anti-PD-1 mouse monoclonal antibody (clone NAT
105/e3J, dilution 1:800, kindly provided by Dr. T. Marafioti, Department of Cellular
Pathology, University College London, London, UK). The antibody was revealed by using
horseradish peroxidase-conjugated Novolink polymer (Leica Biosystems, Newcastle upon
Tyne, UK), followed by diaminobenzidine (DAB) as chromogen. After completing the first
immune reaction, sections were incubated with anti-CD3 rabbit monoclonal (clone SP7,
dilution 1:100, Thermo Scientific, Fremont, CA) or -CD8 mouse monoclonal (clone
C8/144B, dilution 1:30, Dako, Glostrup, Denmark) antibodies. The second immune reaction
was visualized using alkaline phosphatase-conjugated Mach4 MR (Biocare Medical,
Concord, CA) followed by Ferangi Blue (Biocare Medical) as chromogen. Slight
hematoxylin was used for counterstaining. For evaluation of TILs, we focused only on
intraepithelial lymphocytes, i.e. lymphocytes located within the tumor epithelium, rather
than in the peri-tumoral stroma. The immunostainings on TIL were performed on serial
sections, which were scanned and digitalized using the Aperio Scanscope CS (Nikon). Two
brands of CD4 antibodies (4B12 from Dako and from Thermo Scientific) were verified, but
the reactivity of CD4+ cells was not bright enough to allow PD-1+CD4+ scoring.
PD-1+CD4+ were therefore inferred from the total count of PD-1+CD3+ cells minus
PD-1+CD8+ cells on sequential section. The mean area analyzed was 1.1 mm? in EC and
0.56 mm? in control tissues. Digital images were resized by using Adobe Photoshop (Adobe
Systems, Inc., San Jose, CA). Two independent gynecological pathologists examined the
TMA immunoreactivity. Peri-tumoral lymphocytes (lymphocytes in the stroma immediately
adjacent to the tumor epithelium) were scored using a semi-quantitative method [none (0),
mild (1+), moderate (2+), marked (3+)].

Flow Cytometry

Briefly, 0.1 g of fresh tumor tissue obtained from two patients harboring endometrial cancer
(ie, one harboring a POLE-ultra-mutated tumor and one harboring a POLE wild type cancer)
where reduced in single cell suspensions after the processing of the solid tumor samples
under sterile conditions as previously described [9]. Cell suspensions containing tumor cells
and TIL were then washed twice in RPMI 1640 plus 10% autologous plasma, placed on
discontinuous Ficoll-Hypaque (75/100%) density gradients, and centrifuged again to
separate and harvest TIL and tumor cells. Enriched TIL preparations were then washed
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twice in RPMI 1640 plus 10% autologous plasma before being stained for superficial
antigen expression analysis by flow cytometry using directly conjugated MAbs against CD4
(Leu-3, T helper/inducer); CD8, (Leu-2a, T cytotoxic/suppressor), (both from Becton—
Dickinson, San Jose, CA) and anti-PD-1/CD279 (clone MIH4, from BD Pharmingen). The
entire population of TIL from both patients was divided in the staining tubes and counted
using flow cytometry. All analyses were conducted with a FACSCalibur, utilizing Cell Quest
software (Becton-Dickinson).

Carboplatin and paclitaxel were purchased from Sigma (Sigma-Aldrich, St. Louis, MO).
Carboplatin was dissolved in 0.9% sodium chloride while paclitaxel was dissolved in
dimethyl sulfoxide (Sigma-Aldrich, St. Louis, MO) as stock solutions protected from light
exposure and stored at —20°C.

Chemo-response assay

Statistics

Results

The effect of carboplatin and paclitaxel on the viability and ICsq of cells was determined
using flow cytometry assays as previously described [14]. Briefly, tumor cells derived from
5 primary EC cell lines established as long term cultures /in7 vitro (i.e., 3 cell lines harboring
wild type POLE versus 2 harboring POLE hot-spot mutations) were plated in six-well tissue
culture plates and when in exponential growth treated with carboplatin and paclitaxel at
scalar concentrations. After 72 hours of additional incubation, well contents were harvested
in their entirety, centrifuged then stained with propidium iodide (2 uL of a 500 pug/mL stock
solution in PBS with 0.1% sodium azide and 2% fetal bovine serum) for flow cytometric
counts. Viable cells were then quantified using flow cytometry as percent of viable cells
(mean +/- SEM) after exposure to different concentrations of chemotherapy agents relative
to vehicle-treated cells taken as 100% viable. A minimum of 3 independent experiments per
EC cell line were performed

Data were analyzed in Excel and graphs were plotted using Prism6 (Graphpad software).
Comparisons of tumor-infiltrating T lymphocyte counts and other categorical variables were
carried out by using Wilcoxon-Mann-Whitney, Fisher's exact test and continuous variables
using the t test. Statistical analysis was performed using SPSS version 18. A P-value < 0.05
was considered as the level of statistical significance.

POLE Mutations in EC

Mutations were identified in 11 of 131 (8.5%) EC analyzed. All eleven mutations identified
have previously been described (Supplementary Table B). The “hot spots” P286R and
V411L mutations were each present in 2 and 4 tumors, respectively. Mutations A456P were
detected in 2 tumors while S459F and S297F mutations were detected in one tumor each.
None of the mutations were detected in the germline DNA of the POLE mutated patients.
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POLE mutation is associated with increased survival

We next investigated whether POLE mutation was associated with survival. As demonstrated
in Figure 1, Kaplan-Meier curves demonstrated POLE mutations to be associated with
improved overall survival when compared to non-POLE EC patients (p = 0.04). We found
no cancer related deaths among the 11 patients (8.4%) whose tumors had a POLE mutation
(mean follow-up time = 80.4 months, median follow-up time 75.9 months, range follow-up
time = 108.8 months). In contrast, cancer related mortality of wild-type patients was 28.3 %
(mean follow-up time =55.5 months, median follow-up time 41.8 months, range follow-up
time = 140.2 months) (Figure 1)

POLE-mutated EC are microsatellite-stable

Although a few cases of POLE MSI-high EC have recently been reported, the majority of
previous studies have shown that POLE-mutated EC are microsatellite-stable (MSS) [15,
16]. To evaluate MSI status in POLE-mutated tumor cell lines and whether microsatellite
instability may change after prolonged /n vitro cultures we tested the tumor tissue blocks
and the matched cell blocks of 2 POLE patients for MSI. We found the tumor tissue blocks
of the POLE-mutated tumors (ie, UTE4 and ARK®6) to be MSS (no instability in any of the
evaluated markers) and MSI-L (instability in one out of five of the evaluated markers),
respectively, when tested by PCR. In contrast, when the tumor cell blocks from the cell lines
were tested after greater than 50 passages in vitro, we found ARK®6 primary tumor cell line
(but not UTEA4 cell line) to have acquired a MSI-high phenotype (i.e., 4 unstable loci present
in the cell line out of five evaluated vs one in the un-manipulated tumor tissue block) (data
not shown).

TIL and PD-1 Expression in POLE mutated vs wild type EC

We used IHC co-staining to simultaneously detect the expression of PD-1, as well as CD3,
CD8 and CD4, in formalin-fixed, paraffin-embedded (FFPE) TMAs. We initially compared
patterns of PD-1+ TIL in tumor and control tissues. PD-1+ CD8+ TILs were significantly
higher in EC compared to normal endometrial tissues (median: 21 vs 0, mean: 55 vs 1.56,
p=0.0001, n = 25). A similar staining pattern was also observed for PD-1+ CD4+ TILs, that
were found predominantly in tumor compared to control tissues (median: 11 vs 0, mean: 20
vs 0.2, p=0.0001). We next compared PD-1+TIL expression in POLE-mutated vs POLE
wild type EC. The POLE mutated tumors exhibited a statistically significantly higher
number of PD-1+ CD8+ TILs compared to POLE wild type ECs (median: 125 vs 15, mean:
106 vs 49, p=0.017, n = 48, Figure 2). POLE mutated cancer patients were also
characterized by a higher number of PD-1+ CD4+ TILs compared to POLE wild type
patients (median: 51 vs 10, mean: 56 vs 18, p=0.017, n = 48, data not shown). Flow
cytometry results obtained using fresh TIL from two representative patients (ie, one
harboring a POLE-ultra-mutated tumor and one harboring a POLE wild type endometrial
cancer) were also performed and found confirmatory of the TMA results (Supplementary
Figure 1).
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POLE mutated tumors are more resistant to carboplatin than POLE wild type EC

Next, we performed chemo-sensitivity testing of 5 primary EC cell lines (i.e., 2 primary
POLE-mutated EC cell lines and 3 EC harboring wild type POLE). These EC cell lines were
chosen on the basis of their similarities in growth rates and histology (Table 2). As
determined by flow cytometric assays of cell viability, a significant difference in I1Csq values
for carboplatin among POLE-mutated vs POLE wild type cell lines was consistently
detected [mean + SEM: 6.43 £ 1.59 uM (range 3.36 — 10.83 puM) in POLE-mutated vs 2.03
+0.29 UM (range 1.12 — 3.00 uM) in POLE wild type (p=0.004)] (Table 3 and Figure 3). In
contrast, no significant differences were noted when POLE-mutated vs POLE wild type
were exposed to paclitaxel [mean + SEM: 1.35 + 0.16 nM (range 1.30 — 1.41 nM) vs 0.90
+0.24 nM (range 0.28 — 1.60 nM), respectively (p=0.140)] (Table 3 and Figure 3).

Discussion

Polymerase proofreading is vital to ensure replication fidelity, and in keeping with this,
cancers with POLE exonuclease mutations display striking levels of mutations (i.e.,
ultramutator phenotype) [2—- 12]. In this study we performed targeted POLE sequencing on
131 EC including both Type I and Type Il tumors. We found POLE exonuclease domain
mutations (EDMs) to be present in 8.5% of EC tested. All POLE mutations in our series
were found to be somatic. Our data is consistent with previous reports from the TCGA
network [2] where 17 Type | (endometrioid) ECs and 1 Type Il (serous) EC with POLE
EDMs were reported (7% overall rate). Other studies, such as that of Church et al. [5] and
Billingsley et al., [16] are also congruent with our data. Church and Billingsley et al found
13 POLE EDMs among 173 tumors tested (7.5% overall rate) and 30 POLE EDMs among
544 tumors (5.6% overall rate), respectively. These studies combined with our current work
and a recent report of the comprehensive whole exome sequencing (WES) analysis of 57
uterine serous carcinoma (i.e., 5 POLE EDMs among 57 tumors, 8.7% overall rate), [9]
suggest that POLE EDMs can be detected in both type | and Type 11 EC.

Previous studies in ECs have suggested that while POLE mutated tumors are ultra-mutated,
they are predominantly micro-satellite stable (MSS) tumors [2, 6, 8, 12, 13]. Our data are
consistent with the literature in that POLE tumor tested in our study as FFPE tissue blocks
were MSS or MSI-L. Of interest, however, we found one out of two POLE tumor primary
cell lines established /n vitro (i.e., ARK-6) to acquire high microsatellite instability after 50
passages /17 vitro [9]. These data support the speculation that POLE-mutated tumors, due to
their defective polymerase proofreading capability, continue to acquire mutations through
cell division in vitro. These additional mutations may eventually affect MMR genes
controlling microsatellite stability. Supporting this hypothesis, the whole exome sequencing
of POLE-ultra-mutated ARK-6 primary cell line, a high copy number uterine serous
carcinoma, has recently been reported [9] and demonstrated mutations in multiple MMR
gene (i.e., MLH1, MLH3 and MSHS).

Importantly, multiple reports in both Type | and Type Il endometrial cancer patients have
provided strong evidence that patients harboring tumors with POLE exonuclease-mutations
may experience a significantly better prognosis when compared to the remaining group of
endometrial cancer patients [2-13]. Our study results are consistent with the previous
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literature and demonstrates an association between POLE mutations and better overall
survival in EC patients regardless of their Type | or Type Il histology [2-13]. The biologic
basis of improved outcome in POLE ultra-mutated cancers is currently poorly understood.
Multiple non-mutually exclusive hypotheses have been used to explain the favorable
prognosis of POLE mutated endometrial cancer patients. First, these tumors may be less fit
than other cancers, possibly as a result of their extremely high number of mutations, to
spread and metastasize in the body. We believe this hypothesis to be unlikely because a)
POLE-mutated EC patients in our and other series may present with advanced, widespread
metastatic disease (i.e., stage 111-1V), b) POLE ultra-mutated tumors, although not as
frequently as POLE wild type EC, may recur and such recurrences are generally lethal and
c¢) POLE ultra-mutated tumors such as USC-ARKG® can be established as xenografts in SCID
mice and such xenografts eventually lead to cancer-related death of the animals.

An alternative hypothesis is that POLE ultramutated tumors may potentially be significantly
more sensitive to standard anti-cancer treatments such as platinum-based chemotherapy
because of their defective DNA replication machinery. Accordingly, in this study we have
established and compared the sensitivity of POLE mutated vs POLE wild type EC cell lines
to carboplatin and paclitaxel (i.e., the gold standard chemotherapy agents used for the
treatment of advanced/recurrent/metastatic EC). Surprisingly, we found a higher resistance
to carboplatin of POLE mutated tumors vs wild type (i.e., 3.1 fold-difference). In contrast,
no significant differences were observed in the sensitivity of the two groups of tumors to
paclitaxel /n vitro. While additional studies will be necessary to better understand the reason
of the increased resistance of POLE mutated tumors to platinum chemotherapy, our results
are consistent with previous reports demonstrating an increased resistance to cisplatin of
hyper-mutated endometrial tumors harboring loss of DNA mismatch repair mechanisms
[17,18].

Due to their extraordinary number of somatic mutations [(i.e., the number of somatic
mutations in POLE-mutated tumors far exceed those found in endometrial and colorectal
cancers with micro-satellite instability (MSI)] [4,11], POLE EC may be highly
immunogenic for the host due to the presentation of large number of mutated epitopes.
Accordingly, in this study we have examined the immune infiltration and the expression of
the PD-1 immune check-point receptor in POLE-mutated vs POLE wild type EC. We found
POLE-mutated EC to have a significant increase in both PD-1+CD8+ and PD-1+CD4+ T
lymphocytes when compared to POLE wild type tumors, a features consistent with chronic
antigen exposure. These results strongly suggest that POLE-mutated tumor may trigger
activation of not only the cytotoxic arm of the immune system (i.e., CD8+ T cells) but also
the helper arm of the immune system (i.e., CD4+ T cells). In this regard, previous studies
have demonstrated that generation of potent cytotoxic T lymphocytes (CTL) against tumor-
specific antigens (which are normally encountered outside an inflammatory context),
requires the presence of CD4 helper T cells in addition to both helper and CTL determinants
on the same antigen presenting cell (APC) [19-21]. Indeed, the inability to mount a potent
antitumor immune response against tumors has often been attributed to the lack of
generation of sufficient tumor-specific T cell help [19-21]. Our experimental IHC results in
POLE EC, are consistent with a recent report from our group showing a potent activation of
CDA4+ T cells by autologous POLE-mutated tumor-antigen-loaded dendritic cells (DC) [22].
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Taken together these data further suggest that POLE ultra-mutated tumors may potentially
trigger strong immunity /n vivo because of the combined activation of both the helper and
the cytotoxic arms of the immune system.

In conclusion, our results demonstrate that although endowed with a higher resistance to
platinum chemotherapy, POLE mutated EC patients are characterized by a high tumor
infiltration of both CD4+ and CD8+ T cells and a better prognosis. Taken together, the high
T cell infiltration of these tumors and their inborn resistance to platinum further support the
hypothesis that the better prognosis of POLE-patients is most likely linked to tumor
enhanced immunogenicity. Consistent with this view, a dramatic clinical response to
nivolumab (ie, an immune check-point inhibitor) has recently been reported in a POLE-
ultra-mutated MSI stable EC patient with widespread recurrent/metastatic disease resistant
to chemotherapy (23). Clinical trials with immune check point inhibitors in patients with
recurrent-chemotherapy resistant POLE EC are currently ongoing (https://
clinicaltrials.gov/ct2/show/NCT02899793).
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Highlights
. Up to 12% of endometrial cancers are ultra-mutated secondary to

Polymerase-e (POLE) mutations

. POLE (+) tumors are heavily infiltrated with CD4+/CD8+ TIL and
overexpress PD-1 immune-checkpoint

. POLE ultra-mutated tumors are significantly more resistant to platinum
but not paclitaxel chemotherapy when compared to POLE wild type
endometrial cancers.
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Figure 1.
Kaplan-Meier estimates for overall survival according to POLE mutational status. P value

calculated using log-rank test = 0.04).
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Figure 2.
Representative photomicrographs of double immunostaining for PD-1 (brown) and CD3

(blue) (a,c,e) and for PD-1 (brown) and CD8 (blue) (b,d,f) on TMA sequential sections from
representative FFPE normal endometrial tissues (a—b), POLE wild type (c—d) and POLE-
mutated (e—f) EC cases. TILs are generally scant in POLE wild type but significantly
increased in POLE-mutated tumors. Black arrowheads indicate PD-1+CD3+CD8-cells
(inferred PD-1+CD4+); red arrowheads indicate PD-1+CD3+CD8+ cells. Sections are
counterstained with Meyer’s haematoxylin. Original magnifications: 100x (a—b); 400x (c-f).
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Figure 3.

Cumulative dose response curves of POLE wild type vs POLE-mutated EC cell lines after
exposure to Carboplatin (upper panel) and Paclitaxel (lower panel). POLE mutated cell lines
are significantly more resistant than POLE wild-type cell lines to Carboplatin (P =0.004),
but not to Paclitaxel (P =0.140).
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Demographic and clinic-pathologic features by POLE mutation status

Table 1

Patients POLE wild-type (n=120) POLE mutant (n=11)
No. (%) No. (%)
120 (91.6) 11 (8.4)
Age
Mean 59.7 56.8
Range 31-84 31-87
<60 66 (55.0) 6 (54.5)
60-70 33(27.5) 4 (36.4)
>70 21 (17.5) 1(9.1)
Tumor type
EEC 89 (74.1) 7 (63.6)
NECC 31 (25.8) 4(36.4)
Grade
GI1 13 (10.8) 3(27.3)
G2 41 (34.2) 1(9.1)
G3 66 (55) 7 (63.6)
FIGO
/ 54 (45.0) 8 (72.7)
Vi 22 (18.3) 1(9.1)
" 33(27.5) 1(9.1)
v 11(9.2) 1(9.1)
Rad/Chem
No Treatment 28 (23.3) 1(9.1)
Radiotherapy 48 (40.0) 6 (54.5)
Chemotherapy 19 (15.8) 2(18.2)
Radlio+Chemo 25(20.8) 2(18.1)

*ECC: Endometrioid Endometrial Cancer.
*NEEC: Non-Endometrioid Endometrial Cancer.
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Table 3
Chemao-sensitivity test of 2 POLE-mutated vs 3 POLE wild type EC cell lines

POLE Wild Type POLE-MUTATED  Pvalue

(mean £ SEM) (mean + SEM)
1Csq 2.03+0.29 6.43 £ 1.59 0.004 *
UM
CARBOPLATIN
1Csq 0.90 +0.24 1.35+0.16 0.140
nM
PACLITAXEL

POLE Wild Type: ARK-7, ARK-11, UTE-3, POLE-Mutated: ARK-6, UTE-4 uM: microMolar, nM: nanoMolar, SEM: Standar Error of the Mean
IC50: half maximal inhibitory concentration, POLE: Polymerase &

*
P value < 0.05 statistically significant with two tailed t test

Gynecol Oncol. Author manuscript; available in PMC 2018 January 01.



	Abstract
	Introduction
	Patients and Methods
	Primary tumor cell lines
	Molecular Analysis
	Microsatellite instability (MSI) analysis
	Immunohistochemistry and evaluation of tumor associated lymphocytes (TIL)
	Flow Cytometry
	Drug
	Chemo-response assay
	Statistics

	Results
	POLE Mutations in EC
	POLE mutation is associated with increased survival
	POLE-mutated EC are microsatellite-stable
	TIL and PD-1 Expression in POLE mutated vs wild type EC
	POLE mutated tumors are more resistant to carboplatin than POLE wild type EC

	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2
	Table 3

