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ABSTRACT

Cervical cancer (CC) is a major cause of death and suffering to women globally with 570,000 new cases in 2017. It disproportionately affects those living in resource-
constrained countries such as Brazil, with 90% of the deaths from CC happening in low and middle-income countries. Early detection is still the best strategy for
improving response to therapy and survival and cases detected in advanced stages show variable response rates to the standard chemoradiation therapy protocols.
Both the genetic landscape and the immune status of patients can dramatically affect cancer progression and response to therapy, as well as disease recurrence. Here
we performed a comprehensive sequencing analysis using the cancer gene panel - Ion AmpliSeq™ Cancer hotspot Panel V2 CHPv2, as well as determined the immune
infiltrate composition of a group of locally advanced CC patients with the goal of identifying genetic and immune characteristics associated with a clinical response to
therapy. The expression levels of CD68* tumor-associated macrophages (TAMs) and CD8* tumor-infiltrating lymphocytes (TILs), as well as the immune checkpoint
molecules PD-1, PD-L1 and PD-L2 in stroma and in tumor regions were analyzed by immunohistochemistry (IHC). The HPV infection status with high-risk strains was
also determined. Twenty-one samples from patients with squamous cell carcinoma segregated into responder (11) and non-responder (10) groups according to
standard chemoradiation therapy response were studied. Our findings indicate that responder patients showed an increase of an inflammatory tumor micro-
environment as indicated by higher numbers of CD8* and PD-L2* TILs, as well as higher expression of PD-L1 immunoreactive area, as compared to the non-
responder group. Additionally, our results demonstrate a correlation between the number of gene mutations and PD-L2" TILs in the responder group. The genes
PIK3CA and KDR/VEGFR were the most mutated genes, corroborating past findings. Together, these findings indicate an inflammatory tumor microenvironment
present in patients that will respond to future chemoradiation treatment as compared to those that will not. This points to possible future predictors of response to
therapy in CC patients.

1. Introduction Among > 200 genotypes of HPVs identified, only a few are responsible

for most of the disease burden. The last International Classification

Cervical cancer (CC) is the 4th most common cancer among women
worldwide, with > 520,000 new cases being diagnosed every year. It
represents 8% of all female cancer cases (Cancer Research UK, 2019).
The majority is in resource-constrained environments such as Africa
(Central and West) and Latin American (Jemal et al., 2011). In Brazil,
according to the National Institute of Cancer (INCA), CC is the third
most frequent tumor in the female population, behind breast and col-
orectal cancer, and the fourth leading cause of cancer deaths. The north
region is responsible for the majority of the cases (INCA 2019).

Human papillomavirus (HPV) is the main cause of CC.

Agency for Research on Cancer (IARC) defined 12 HPV strains as car-
cinogenic in humans, including HPVs 16, 18, 31, 33, 35, 39, 45, 51, 52,
56, 58, and 59 (Serrano et al., 2018). It's known that persistent infection
with high risk HPV types 16 and 18 can cause genetic changes in cer-
vical cells involved in cancer development and tumor progression
mainly due to the action of viral oncogenes E6 and E7, which interact
and inhibit the activity of cell cycle regulatory system components,
represented by p53 (E6 target) and Rb (E7 target) (Borlu et al., 2016).
Furthermore, the integration of HPV in the human genome may also
contribute to genetic aberrations and gene expression modulation,
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leading to cervical cell carcinogenesis (Das et al., 2016). Previous stu-
dies revealed that several genetic and epigenetic events play an im-
portant role in the CC carcinogenesis, like loss of heterozygosity, copy
number alterations, tumor suppressor gene inactivation or oncogene
activation (Cancer Genomic Atlas Research Network, 2017).

Detection of CC in the primary stages and beginning treatment as
soon as possible are essential for the best prognosis (Denny, 2012).
When patients present locally advanced non-metastatic disease, the
standard treatment consists of platinum-based chemotherapy and
radiotherapy sessions (Diaz-Padilla et al., 2013). New therapeutic ap-
proaches have arisen following a better understanding of the immune
system role in cancer progression and pathogenesis. These studies in-
clude immunotherapeutic strategies such as immune checkpoint in-
hibitors alone or in combination with chemotherapy (Gadducci and
Guerrieri, 2017).

An increased number of tumor-infiltrating lymphocytes (TILs) with
cytotoxic and inflammatory phenotypes correlates with better outcome
in many human cancers (Gooden et al., 2011). However, T cell re-
sponses against tumor cells can be inhibited through the engagement of
immune checkpoint receptors expressed on the T cells surface, such as
cytotoxic T lymphocyte-antigen 4 (CTLA-4) and programmed cell death
(PD-1) (Francisco et al., 2009). The interaction between PD-1 on T cells
and the programmed-death ligand (PD-L) 1 and 2 on the tumor cells or
macrophages surface, inhibits T cell proliferation and increases Treg
cell numbers, thus resulting in T cell functional inhibition and conse-
quently pro-tumoral effects (Pardoll, 2012). Immunotherapy treatment
via checkpoint inhibitors has proven effective at restoring anti-tumor
function of TILs. Identification and characterization of factors that
contribute to the immunosuppressive CC microenvironment such as
dysfunction of genes and T cells, may be very important in trying to
predict which patients will most benefit from this therapeutic strategy.

One of the key indicators associated with response to therapy and
disease progression in human cancer is the genetic landscape as de-
termined by mutations of key genes related to cancer development,
progression and severity (Berger et al., 2018). In addition, higher mu-
tational burden seems to be associated with more intense TILs and
better responses to immune checkpoint inhibitor therapy (Thorsson
et al., 2018). Here, we used the Ion AmpliSeq™ Cancer hotspot Panel
(V2CHPv2), which is a panel of genomic “hot spot” regions that are
frequently mutated in 50 oncogenes and tumor suppressor genes
(Thermo Fisher, 2019).

Discovery of biomarkers that predict response to therapy remains a
top priority in cancer medicine. Therefore, the ability to stratify pa-
tients through the identification of immunologic and genetic profiles
could be key for enhancing survival through personalized treatment
approaches by identifying non-responders, and thereby reducing the
chance of these patients receive ineffective treatments. Here, using
tumor biopsies taken before treatment began from patients that re-
sponded or not to chemoradiation therapy, we analyzed the local tumor
immune profile composed of cellular expression of the T cell marker
(CD8), macrophages (CD68) and immune checkpoints (PD-1, PD-L1,
PD-L2), as well as a somatic mutation profile (target sequencing of 50
tumor suppressor and oncogenes that are commonly mutated in several
types of cancers, (see Supplementary Material, Table 1) and HPV in-
fection survey. Here, we demonstrated that before the treatment began,
the eventual responder patients displayed an immunologically active
inflammatory tumor microenvironment as compared to the non-re-
sponders, as evidenced by a higher number of CD8* and PD-L2" TILs,
as well as a higher intensity of PD-L1 immunoreactive area, and an
association with PD-L2" TILs expression and mutation number in the
responder group.
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2. Methods
2.1. Patients

Patients included in this retrospective study were women diagnosed
with CC (squamous cell carcinoma) at Mario Penna Hospital between
January 2014 to December 2016, clinically staged as IIB, IIIA or IIIB,
according to the International Federation of Gynecology and Obstetrics
(FIGO, 2019) criteria. Patients were submitted to chemotherapy and
radiotherapy, and three to five months after the end of treatment were
evaluated regarding the change in tumor load by physical examination
and computer tomography imaging. Based on the findings, they were
divided in two groups. The group of responders (n = 11) consisted of
patients with complete response to therapy as determined by dis-
appearance of all target lesions. The group of non-responders (n = 10)
was composed of patients with partial response, progression of tumor or
stable disease. The study was performed under approval #1.583.784
from the Ethical Committee at IMP.

2.2. Immunohistochemistry (IHC) assay

Cervical biopsies samples from these patients were retrieved from
Pathology Department files. Paraffin blocks were cut into 4 um thick
sections and submitted to IHC labelling. Briefly, slides were depar-
affinized in xylene and rehydrated in a graded alcohol series. The sec-
tions were submitted to microwave antigen retrieval using citrate buffer
(pH = 6) or TRIS-EDTA solution pH = 9, for 10 min. Then endogenous
peroxidase activity was inhibited by incubating the sections for 30 min
in methanol containing 6% hydrogen peroxide. Next, the sections were
incubated for 30 min with 2% normal albumin serum (Sigma, St. Louis,
MO, USA) diluted in phosphate-buffered saline (PBS), and then in-
cubated overnight at 4°C with the following anti-human antibodies:
anti-CD8, rabbit monoclonal (1:500, SP16, Cell Marque, Rocklin, USA);
anti-PD-1, programmed death 1, mouse monoclonal (1:50, MA5-15780,
Thermo Scientific, Rockford, USA); programmed death-ligand 1 (PD-
L1), rabbit polyclonal (1:500, PA5-20343, Thermo Scientific, Rockford,
USA); anti-CD273, programmed death-ligand 2 (PD-L2), rabbit poly-
clonal (1:500, PA5-20344, Thermo Scientific, Rockford, USA) and anti-
CD68, macrophage marker, rat monoclonal (1:50, ab53444, Abcam,
Cambridge, England). Subsequently, the samples were incubated with
the Hidef Detection HRP Polymer System (Cell Marque, Rocklin, CA,
USA) and the immune reactions were visualized using 0.03% of 3-3’-
diaminobenzidine (SIGMA) containing 0.5% H,O, in 0.01M PBS,
pH 7.4. Sections were counterstained with Gill's Hematoxylin (SIGMA),
dehydrated, and mounted using a synthetic medium. A negative control
without the primary antibody was generated for each sample.

2.3. Morphometric analysis

To determine the cellular composition and immune status of the CC
lesions, the expression of brown stained immune cells, indicated by
positive signal (+) of anti-CD68 and anti-CD8 markers, as well as the
expression of immune checkpoint molecules PD-1, PD-L1 and PD-L2
were assessed in consecutive histological CC sections from responder
and non-responder patients. For the quantification of immune cell lo-
cation within the tumor, two regions were differentiated: 1) tumor-rich
region (peri and intra-tumor) characterized by the epithelial compart-
ment, defined as malignant cell nests and the fibrous tissue present
between malignant cells and 2) the stroma-rich region, characterized by
the connective tissue only in the periphery of the sample.

Although CD68 marker is highly expressed by monocytes and tissue
macrophages, it is also expressed to a lesser extent on other cells, such
as dendritic cells, peripheral blood granulocytes and tumor stroma cells
(fibroblasts and endothelial cells). Given that CD68 is a phagocytic
marker, here we considered cells that had macrophage morphological
characteristics and expressed this marker as Tumor Associated-
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Table 1
Clinicopathological characteristics and HPV infection status.
Group Sample code Age Histologic grade Tumor Tumor size Parametrial Lymph node Metastasis Lymphovascular invasion 13 HR
grade (~cm) involvement status HPV
NR 15947 38 I NA 7 Unilaterally affected NO MO - -
NR 13564 54 1 II-A 7 Unilaterally affected N1 M1 + +
NR 10151 39 1II 111-B 10 Bilaterally affected N1 M1 - +
NR 4514 88 1II 11-B 6 Bilaterally affected NO MO - -
NR 7026 60 II 11-B 7 Bilaterally affected N1 M1 + +
NR 14595 76 1L 111-B 5 Bilaterally affected N1 M1 - +
NR 3131 56 - 1I-B 7 Bilaterally affected NO MO - +
NR 13563 70 1 11-B 6 Unilaterally affected NX MO + +
NR 12550 78 1 11-B 4 Bilaterally affected N1 M1 + -
NR 12273 74 1 1II-B 12 Bilaterally affected NX MO - +
R 12245 63 I 11-B 7 Bilaterally affected NO MO - +
R 15892 82 I 1I-B 5 Bilaterally affected NO MO - -
R 5583 31 I 1I-B 7 Bilaterally affected NO MO - +
R 18244 38 1I 11-B 6 Bilaterally affected NO MO + +
R 3838 77 1 1I-B 3 Unilaterally affected NX MO - +
R 6288 54 1 11-B 9 Bilaterally affected NO MO -
R 13722 69 1 1II-B 7 Bilaterally affected NX MO - +
R 10801 47 1 11-B 6 Bilaterally affected NX MO - +
R 6419 60 I 11-B 6 Bilaterally affected NO MO - -
R 11485 77 1I 1II-B 11 Bilaterally affected NO MO - +
R 11479 55 1 1I-B 1 Unilaterally affected NO MO - +

* NR = Non-responders, R = Responders; NX, Regional lymph nodes cannot be assessed; NO, No regional lymph node metastasis; N1, Regional lymph node
metastasis; MX, Distant metastasis cannot be assessed; MO, No distant metastasis; M1, Distant metastasis; (FIGO, 2015). The symbols + and - signify presence or
absence of Lymphovascular invasion and positive or negative for the 13 high-risk HPV types.

Macrophages (TAMs). For quantification of CD68" macrophages, the
counting involved 10 randomly selected fields using a light microscope
NIKON at 400 X magnification (total area of 2.2 mm?).

For CD8, PD-1, PD-L1 and PD-L2 protein expression in tumor-in-
filtrating lymphocytes (TILs) and other mononuclear and poly-
morphonuclear cells expressing PD-1, PD-L1 and PDL2, the counting
was performed under a light microscope at 1000 X magnification, in 10
randomly selected fields of each region per section (total area of
0.38mm?). The criteria to positive cells was brown colour in both cy-
tomembrane and/or cytoplasm.

Density of cells expressing PD-1, PD-L1/2 was also determined by
measuring the percentage of total immunoreactive area (stroma and
tumor), using the ImageJ analysis software (imagej.nih.gov/ij/). The
evaluated area comprised 3 randomly selected fields using a light mi-
croscope NIKON at 400 x magnification from a single histological
section per patient. The average of total area analyzed was 180 mm? per
patient. All sample analyses were made by two observers in a blinded
manner.

For PD-L1 and PD-L2 expression in cancer cells, we chose the nests
of CC and then calculated the proportion of positive cells following the
score as presented by Reddy et al. (2017). Immunoreactive cytomem-
brane and cytoplasm or both were positive criteria. The cancer cells
were evaluated as: 1) negative (score = 0, 0% of positive cells and 0%
of intensity); 2) low-positive (score = 1A, < 50% of positive cells and
1*, 2% and/or 3% of intensity); 3) positive (score = 2A, > 50% of
positive cells and 1% of intensity); and 4) strong positive
(score = 2B, > 50% of positive cells and 2% and/or 3" of intensity).
The score percentage was used for comparisons among the groups. The
correlations between the expression of these proteins and clinical his-
topathological parameters and molecular investigation were analyzed.

2.4. DNA extraction

DNA was extracted from FFPE samples using the AllPrep® DNA/
RNA FFPE kit (Qiagen Cat No./ID: 80234) according to the manufac-
turer's instructions. The measurement of nucleic acid purity and
quantification were accessed by NanoVue spectrophotometer (GE
Healthcare Life Sciences) and Qubit® 2.0 Fluorometer with the Qubit®
dsDNA HS Assay kit (Life Technologies), respectively. DNA was stored

at —20°C.
2.5. HPV infection

All samples were tested for the 13 high-risk HPV types (16, 18, 31,
33, 35, 39, 45, 51, 52, 56, 58, 59, and 68), using the kit 13 High Risk
HPV PCR Real Time, HybriBio (China, lot: 20160601). The kit has a
viral type-specific probes in the E6 gene. Briefly, H13 has two labeled
probes, one for internal control for DNA adequacy (by detecting human
beta-globin) and other for the detection of HPV DNA. Each probe
consists of an oligonucleotide labeled with a reporter fluorophore at the
5’end and a quencher fluorophore at the 3’end. The primer extension
and replication are performed by the enzyme Taq-polymerase. When
hybridization occurs in the presence of specific viral DNA, a fluores-
cence signal is emitted and intensified at each PCR cycle and captured
by the equipment. In this study we used the Real Time 7500 Applied
Biosystems PCR.

2.6. Library preparation and sequencing

DNA libraries were carried out by using the panel AmpliSeq™
Cancer hotspot (V2CHPv2). All Amplicon libraries, Emulsion PCR and
enrichment were prepared on the Ion Chef system using the Ion
AmpliSeq Chef DL8 Kits (Thermo Fisher Scientific) according to the
manufacturer's instructions. Lastly, sets of 8-pooled samples were
loaded on an Ion 316 V2 chip and, finally, sequenced on the lon PGM
sequencing platform using the Ion Kit (Thermo Fisher Scientific), also
performed on the Ion Chef System.

2.7. Bioinformatics framework

All sequences (reads) were aligned to the reference genome (hgl9)
and filtered by type of variant (e.g. Single Nucleotide Variants [SNVs],
Multiple Nucleotide Variants and Indels) as well as variant effects (e.g.
frameshift insertion, non-frameshift insertion, frameshift deletion, non-
frameshift deletion, stop loss, missense, nonsense, and unknown) by
using Ion Report software (version 5.6). The Ion Torrent Variant Caller
Plugin v5.6 was used to call all variants and filtered by the following
criteria, 0.05 < Minor Allele Frequency < 0.5, 0.01 < Allele
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Frequency < 1.0 and last, Coverage = 100. In addition, all poly-
morphisms were visually inspected using IGV, (Robinson et al., 2011;
Thorvaldsdottir et al., 2013).

2.8. Statistical analysis

All statistical analyses were performed at the R platform and
GraphPad Prism (Graphpad Software Inc., San Diego, CA). Firstly, we
tested the dataset distribution using the Shapiro test. Next, we tested
the hypothesis (Hy) of no differences of the number (median) and in-
terquartile range (25-75%) boxes of polymorphisms using Wilcoxon
test. In addition, for immunohistochemical data, we used a non-para-
metric Mann-Whitney and Kruskal-Wallis followed by Dunn's multiple
comparison test. The correlation analysis was performed using the
Spearman test. The results are expressed by mean ( =) std. error.
Differences were considered statistically significant at p < 0.05.

3. Results
3.1. Patient clinicopathologic characteristics

This study included 21 women with locally advanced cervical
cancer (International Federation of Gynecology and Obstetrics stages
IIB - IIIB), classified as squamous cell carcinoma (SCC), composed of 11
responder and 10 non-responder patients to standard chemoradiation
therapy. The average age of patients was 60.2 with no significant dif-
ference between the groups (Table 1). Among patients with response to
therapy, 72.8% presented the histological classification of poorly dif-
ferentiated (GIII), divided into tumor stages of IIB (36%) and IIIB
(63%). The patients from the non-responder group were classified as
60% moderately differentiated (GII) with 70% stage IIIB tumors. The
average tumor size was 7.1 cm in non-responders and 6.1 cm in re-
sponder patients. The parametrial involvement (X-squared test,
p =0.9028) and lymphovascular invasion (X-squared test, p-
value = 0.25) did not show difference between the groups. The lymph
node status and metastasis, in non-responders showed 20% NX, 30%
NO, 50% N1 and half of the patients (50%) showed metastasis; whereas
the responders showed 27% NX, 73% NO, and no patient presented
metastasis (Table 1).

3.2. HPV analysis

We did not observe a difference between the numbers of non-re-
sponder (7 of 10/ 70%) and responder (8 of 11/ 73%) patients positive
for HPV infection, however, it is important to reinforce that using the
13 high-risk HPV kit, only 13 HPV strains were tested (Table 1).

3.3. Responder patients display a more intense before treatment tumor
immune microenvironment infiltrate than non-responder patients

To gain insights into the immunoregulatory environment in CC tu-
mors before treatment began in eventual responder vs. non-responder
patients, we determined the cellular composition and immune status of
the CC lesions by THC (Figs. 1 and 2). A higher number of CD68 * tumor
associated macrophages (TAMs) were observed in stroma (Fig. 1a) and
fewer within the tumor (peri/intra-tumoral) regions. However, no dif-
ference in the number of TAMs was observed between the responder
(38.76 = 1.4) vs. non-responder (2.1 *+ 0.4) in the stroma, nor be-
tween the responder (1.45 = 0.23) vs. non-responder (1.4 = 0.3) in
the peri/intra-tumoral region (Fig. 1a’).

CD8™" tumor-infiltrating lymphocytes (TILs) were seen dispersed
throughout all regions of CC samples (Fig. 1b). Although the number of
CD8™" TILs was higher in stroma than tumor regions, a pronounced
number were seen inside the tumor. It's worth pointing out that lym-
phocytes outnumbered TAMs in the peri/intra-tumoral region. Im-
portantly, quantitation of CD8" TILs in the stroma demonstrated a
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dramatic increase in responders (19.8 + 3.23) vs. non-responders
(5.5 = 2.8). The same was seen in the peri/intra-tumoral region when
comparing responders (8.9 * 0.6) vs. non-responders (4.8 = 1.3)
(Fig. 1b”). Immunoreactivity of CD8* TILs were not identified in three
samples of non-responder patients (30%). Importantly, while positive
rates of CD8* TILs seem higher in positive HPV CC samples, no sig-
nificant difference in the number of CD8* TILs was seen between HPV
positive (8.0 *= 1.3) and negative (6.7 = 2.6) patients (Supplemental
Fig. 1a).

The expression of immune checkpoints by TILs and cancer cells are
represented in Fig. 2. PD-1 was expressed by the stromal lymphocytes
with a higher concentration at the periphery of the tumor (Fig. 2a). PD-
1 expression by TILs was not significantly different between responder
(6.9 = 2.2) and non-responder (3.4 = 0.6) groups in the stroma, nor
between responder (2 + 0.4) and non-responder (1.8 + 0.3) in the
peri / intra-tumoral regions (Fig. 2a’). The total area of immunoreaction
to PD-1 was also equivalent between the responders (358 + 53.3) and
non-responders (259 * 26.2, Fig. 2a”). The ratio of CD8 " /PD-1" de-
monstrated a higher number of CD8* TILs than PD-1", but no differ-
ence was observed between the responder (5.2 *+ 1.3) and non-re-
sponder (3.7 = 1.3) patients in stroma, nor between the responder
(12.7 = 7.2) and non-responder (5.9 = 2.8) in the peri/intratumor
regions. The higher relative proportion of CD8* TILs identified by the
CD8*/PD-1" ratio demonstrated that a minority population of CD8*
TILs express PD-1 and perhaps other subpopulations of lymphocytes
express this checkpoint marker (Supplemental Fig. 1b).

PD-L1" and PD-L2% TILs were observed in higher numbers in the
stroma than inside the tumor (Fig. 2b and c). The increase of TILs ex-
pressing PD-L1 was observed between the stroma (5.3 + 1.8) and peri/
intra-tumoral (1.3 * 0.22) regions in non-responders, but not between
the responder vs. non-responder groups (Fig. 2b”). However, when the
total (stroma and tumor) PD-L1 immunoreactive (IR) area was mea-
sured, a larger area in responder (222.8 *+ 36.6) was observed when
compared to non-responder (127.3 = 16) patients (Fig. 2b”).

We next assessed the proportion of CC cells expressing PD-L1 using
a validated score (strong positive, positive, low positive and negative
cells). Most responder patients (38%) were strong positive for PD-L1
and only 8% were negative, suggesting PD-L1 induction via an in-
flammatory response in CC, while 37% of non-responder CC cells ex-
pressed low-positive for PD-L1 (Fig. 2b™). In both groups, the percen-
tage of PD-L1 positivity was higher than 50%.

PD-L2 expression by TILs was higher in responder (3.7 = 0.7)
compared to non-responder (1.4 * 0.3) patients in the stroma region
(Fig. 2¢’). However, no difference was seen between the total PD-L2
immunoreactive area between responders (549.2 = 164.4) and non-
responders (313.8 = 106.3, Fig. 2¢”). The proportion of CC cells ex-
pressing PD-L2 were 50% in responder patients, 29% positive, and only
7% low-positive or negative, while 41.8% of the non-responder patients
were strong positive, 16.6% positive, and 25% low-positive or negative
for PD-L2 (Fig. 2¢”). Quantification of polymorphonuclear (neutrophils
and eosinophils) and mononuclear cells (monocytes, macrophages and
possibly dendritic cells) expressing PD-1, PD-L1/2 was also performed
(Supplemental Fig. 2). While differences between the regions (stroma
and tumor) were observed, none was seen comparing responder vs.
non-responder groups to these cell populations. Lastly, no differences
were seen between the expression of PD-1 and PD-L1/2* TILs in HPV
positive vs. negative patients (data not showed). Thus, these studies
demonstrated a more intense immune infiltrate, exemplified by higher
CD8™* cells and expression of inflammatory response related molecules
(PD-L1/2) in the responder when compared to the non-responder
group.
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Fig. 1. Quantification of CD68* tumor-associated macrophages (TAMs) and CD8" tumor-infiltrating lymphocytes (TILs). In a and b are representative im-
munohistochemistry (IHC) images of brown stained immune cells (@D) indicating the protein expression of CD68" TAMs (a) and CD8™" TILs (b) in human cervical
cancer taken before treatment began at the time of diagnosis. The arrowhead indicates macrophages (a) and lymphocytes are represented by arrows (b). The regions
are represented by (T) for Tumor and (S) for Stroma separated by black outlining (scale bar: 50 um). In (a’), morphometric analysis of CD68* TAMs in stroma of
responder (black squares) and non-responder (white squares) patients to chemoradiotherapy. No difference between the groups was observed considering P < 0.05.
In (b"), quantification analysis showed the increase number of CD8* TILs in responder patients compared to non-responders in both, the stroma and peri/intra-
tumoral regions. Note that individuals are represented by different symbols: [] represents the non-responder and [l represents responder patients after chemor-
adiotherapy. * P < 0.05. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

3.4. Non-responder patients display correlations of cell populations with
inhibitory checkpoints consistent with an immunosuppressive tumor
microenvironment as compared to the responder group

To gain insights into possible immunosuppressive or activated
tumor microenvironments in the non-responder and responder groups,
we performed a correlation analysis between the individual cell popu-
lations studied and the checkpoint molecules PD-1, PD-L1 and PD-L2.
This analysis revealed a strong positive correlation between CD68 "
TAMs and PD-1" TILs (Fig. 3a, r = 0.90, p = 0.001), in the non-re-
sponder group and not in the responders in the tumor region (Fig. 3b).
No significant correlations were seen for PD-L1 with CD68* TAMs in
either group (Fig. 3c and d).

Moreover, a negative correlation was seen between the number of
CD8™ TILs and PD-1 in the stroma (Fig. 3e, r = 0.94, p = 0.016) or PD-
L1 (Fig. 3g, r = 0.72, p = 0.040) expressing TILs in the non-responders
in the tumor region, and not in the responders (Fig. 3f and h). Thus,
potentially suppressive checkpoint molecules are positively associated
with TAMs and negatively associated with CD8 cells in non-responding
patients indicating a possible suppressive immune environment.

3.5. Gene sequencing of frequently mutated genes in cancer
To gain insights into possible associations between commonly mu-

tated cancer related genes and the immune response and response to
therapy, we performed NGS sequencing of our samples using the Ion

AmpliSeq™ Cancer Hotspot Panel v2 panel. This panel uses 207 am-
plicons covering about 2800 COSMIC mutations from 50 oncogenes and
tumor suppressor genes. We found 31 polymorphisms (13 Missense, 1
Nonsense, 7 Unknown and 10 Synonymous) in 19 genes, which com-
prises 29 Single Nucleotide Polymorphism (SNPs) and 2 short inser-
tions/deletions (INDELS). Upon analysis of the responder vs. non-re-
sponder groups, it was apparent that the number of polymorphisms
between the two groups was similar (Fig. 4).

Upon further analysis, we observed 9 private variants in the non-
responder group (2 Missense, 1 Nonsense, 1 Unknown and 5
Synonymous) and 7 in the responder (5 Missense, 0 Nonsense, 1
Unknown and 1 Synonymous).

The most altered genes were PIK3CA (n =5, 16%), KDR (n = 3,
9.6%) and MET (n = 3, 9.6%), with other genes bearing few poly-
morphisms. These three genes hold 35% of all variations, and more
specifically, 35.7% of all non-synonymous observed polymorphisms
(Fig. 5 - TOP). Our results are consistent with previous results in breast
(Muller et al., 2016) and ovarian cancer (Sakai et al., 2017).

To evaluate how the polymorphisms found were able to dis-
criminate between responder and non-responder groups, we generated
a cluster heatmap. The analysis demonstrated that the polymorphisms
did not segregate the responder and non-responders into distinct clades
(Fig. 5, bottom left).

To investigate a possible relationship between the number of mu-
tations and the immune profiles identified via immunohistochemistry
analysis of the tumors, we performed a series of correlation analysis
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Fig. 2. Quantification of tumor-infiltrating lymphocytes (TILs) expressing PD-1, PD-L1 and PD-L2 immune checkpoints. a, b and c are representative im-
munohistochemistry (IHC) images of brown stained immune cells ™ indicating the protein expression of PD-1 (a), PD-L1 (b) and PD-L2 (c¢) markers in human
cervical cancer samples taken before treatment at the time of diagnosis. Lymphocytes are represented by arrows and polymorphonuclear cells indicated by asterisks.
The regions are represented by (T) of Tumor and (S) of Stroma separated by black outlining (scale bar: 50 um). In (a’), morphometric analysis of PD-1* TILs in the
stroma and peri/intra-tumoral regions and (a”) immunoreactive (IR) area of PD-1/um? in responder (black squares) and non-responder (white squares) patients. No
difference between the groups was observed considering P < 0.05. In (b"), quantification analysis showed the increased number of PD-L1* TILs in the stroma
compared to peri/intra-tumoral region in non-responder patients and increased number of PD-L1* TILs in the stroma of responder compared to peri/intra-tumoral
region of non-responder patients (P < 0.01). In (b”), morphometric analysis showed the increased PD—Ll—IR/um2 area (stroma and tumor regions) in responders
compared to non-responders and in (c’), increased number of PD-L2 " TILs in responder compared to non-responder patients in the stroma region. In (b”’) and (c”),
percentage of patients that exhibited different PD-L1 and PD-L2 protein expression levels (negative, low-positive, positive or strong positive) by cervical cancer cells
in 21 samples of responder and non-responder patients. Note that individuals are represented by different symbols: [] represents non-responder patients and Il
represents responder patients to chemoradiotherapy. * P < 0.05, ** P < 0.01. (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

between the number of mutations and the immune indicators. This
analysis showed a correlation between the number of mutations and
PD-12" TILs in the tumor region (r = 0.67) with a significant p-value
(p = 0.033) for the responder group (Fig. 6b), but not for the non-re-
sponders (r = 0.16 and p = 0.689, Fig. 6a).

4. Discussion

In this study, we investigated the tumor immune and genetic pro-
files, as well as HPV infection status, before treatment began in a group
of CC patients separated into responder vs. non-responder patients to
chemoradiotherapy treatment. Given the clear role the immune re-
sponse can have in control of cancer and response to therapy, we ex-
amined the number of TAMs (CD68), CD8 T cells, and the down mod-
ulatory checkpoints PD-1, PD-L1 and PD-L2, as well as intensity of
expression of PD-L1 and PD-L2, in both the stroma and tumor regions.
Our findings indicate that the responder patients showed a more intense
inflamed profile, which may contribute to anti-tumor immunity and
eventual response following chemoradiotherapy. In addition, these

profiles may serve as predictive markers for patients that will respond
to therapy.

Given the importance of CD8 T cells in the induction of anti-tumor
immune responses, we investigated the number of CD8* cells in tumor
biopsies of the responder and non-responder patients before treatment
began. The patients that responded to chemoradiotherapy displayed a
higher infiltration of CD8 " T cells in the stroma and inside the tumor
than the non-responders (Fig. 1). Earlier studies demonstrated CD8*
cells concentrated at the tumor invasive margin in CC, suggesting a
defect of T lymphocyte infiltration in these patients (Meng et al., 2018).
Analysis of histological tumor sections by Chen and Mellman (2017)
defined three basic immune profiles correlated with distinct responses
to immunotherapy. First, the immune-inflamed phenotype, is char-
acterized by high infiltration of CD8* and CD4™" cells in the tumor
parenchyma and PD-L1 staining in TILs and tumor cells; the second
profile, immune-excluded phenotype, presenting immune cells that are
retained in the stroma, but that do not penetrate inside the tumor; and
the last one, the immune-desert phenotype, which is characterized by a
paucity of T cells and a non-inflamed microenvironment (Herbst et al.,
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Fig. 3. Correlation analysis between immune cells of non-re-
sponder and responder patients. In (a), spearman test revealed
a positive correlation between CD68+ TAMs and TILs ex-
pressing PD-1 (n = 9, r = 0.90, p = 0.001) in non-responder
r=0.27 tumor region, and no correlation in the responder tumor re-
p=0.407 gion (b). In (c and d) PD-L1 + TILs did not show a significant

. correlation (n =9, r = —0.39, p = .294) in non-responders
or in responders (n = 11, r = 0.14, p = 0.667). In (e), a ne-
gative correlation between CD8+ TILs and PD-1+ TILs
(n=5,r=0.94, p = 0.016) in the stroma region, and in (g)
between CD8+ TILs and PD-L1+ TILs (n =8, r=0.72,

w
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p = 0.040) in non-responder tumor region, in contrast to the
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2014). Our results suggest that CC patients can exhibit the immune-
inflamed or excluded profile, but patients that respond to therapy dis-
play a higher inflamed phenotype than those that do not. Ock et al.
(2016) found that some patients displayed a high number of CD8 and
PD-L1 staining cells, while others presented none or few cells staining
positive for these markers. Moreover, the highest number of CD8* TILs
were strongly associated with an improved prognosis in several other
studies in different solid tumors (Liakou et al., 2007; Katz et al., 2013;
Dieci et al., 2015; Ock et al., 2016; Li and Xu, 2016).

More recently, CD8" cell infiltration was investigated as a bio-
marker of response to PD-1/PD-L1 monotherapy in a cohort of ad-
vanced solid tumor patients. Using a radiomic signature to classify the
patients as either immune-inflamed tumor (with dense CD8* TILs) or
immune-desert (with low CD8* TILs) phenotypes, a clear correlation
between response to therapy and overall survival and the immune-in-
flamed tumor phenotype was demonstrated (Sun et al., 2018). These
findings reinforce the concept that CD8™ T cell infiltration is a robust
biomarker for the identification of patients that will respond to
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immunotherapy. In addition, the negative correlation between higher
levels of PD-1 or PD-L1 expressing TILs and lower levels of CD8* TILs
in the non-responder group, together with the correlation between
CD68* TAMs and the negative regulatory molecules PD-1 (Fig. 3),
support a suppressive tumor microenvironment in non-responders in
comparison to the responder group.
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Moreover, the increased expression of PD-L1 and PD-L2 in TILs and
tumor cells in the responder patients together with the increased CD8 ™"
TILs, indicates an immune-inflamed phenotype as compared to the non-
responder patients. Indeed, earlier studies demonstrated that the clin-
ical responses to anti-PD-1/PD-L1 therapy occur most often in patients
with inflamed tumors (Garon et al.,, 2015; Ayers et al., 2018). In

Class

. Missense
. Nonsense
. Synonymous

- Unknown

FGFR3
ATM
HRAS
EGFR
ERBB4
STKM

PDGFRA

Fig. 5. Polymorphism overview. Bar plot overview of polymorphism classes (Missense, Nonsense, Synonymous and Unknown) distribution along 19 genes (TOP), and
a Heatmap, with the result of that distribution between the groups (Non-responders - orange and Responders - green) (BOTTOM). (For interpretation of the references
to colour in this figure legend, the reader is referred to the web version of this article.)
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a positive correlation between number of mutations and PD-L2* TILs in the tumor region of responder patients (r = 0.67, p-value = .033).

recognition of these findings and others, the FDA has granted ac-
celerated approval for the treatment of patients with PD-L1* advanced
CC using pembrolizumab (Frenel et al., 2017; OncoLive, 2019).

Furthermore, the correlation between CD8 " TILs and HPV was in-
vestigated. In this study, HPV was detected in most of the CC samples
(73% of responders and 70% of non-responders). Bashaw et al. (2017)
have identified a relationship between HPV infection and antigen per-
sistence with the number of CD8* TILs, however, in our study no dif-
ference was observed between the rates of CD8" TILs in HPV positive
and HPV negative samples. Although the expression of PD-L1 and PD-
L2* TILs appeared higher in HPV positive patients, no statistically
significant difference was observed between the groups. An association
between HPV infection and PD-1/PD-L1 expression was described in
several other studies (Yang et al., 2013; Mezache et al., 2015; Liu et al.,
2017; Meng et al., 2018), with Liu et al. (2017) describing a lymphocyte
dysfunction related to the over-expression of PD-L1. Nevertheless, our
results demonstrated that HPV negative patients (negative for the 13
high risk strains tested in our PCR) responding to therapy showed
higher numbers of PD-L1* TILs, suggesting that HPV infection is not
the unique mechanism accountable for the over-expression of PD-L1 in
CC patients and may not always induce a suppressive response. To-
gether, these results indicate that the relationship between HPV and
PD1/PDL1 pathway deserves further investigation.

We also investigated the association between HPV infection and
number of polymorphisms. No correlation was found between the
number of somatic mutations and HPV infection. Our results are con-
sistent with Cox et al. (2013), who did not find association between
number of somatic mutations and HPV-16 and HPV-18 strains infection.

Concerning the polymorphisms in specific genes, the most mutated
gene was PIK3CA (n =5, 16%), which is considered a significantly
mutated gene (SMG) in CC. This gene is responsible for coding the
catalytic subunit of phosphatidylinositol 3-kinase (PI3K). Mutations in
PIK3CA lead to altered production of the catalytic subunit (p110a) of
phosphatidylinositol 3-kinase (PI3K), leading the PI3K pathway to
signal without regulation, and subsequent uncontrolled cell growth,
proliferation and survival (Das et al., 2016). Our findings, even with a
small number of patients, are in accordance with other works that re-
ported a rate between 23 and 36% of mutations in PIK3CA in CC spe-
cimens. In addition, some authors correlated mutation in this pathway
with higher rates of recurrence (Cox et al., 2013). Three specific mis-
sense mutations, E545K, E542K and E81K, suggest an APOBEC muta-
genesis signature (Cancer Genome Atlas Research Network, 2017).

The second gene most mutated was KDR/VEGFR2 (n = 3, 9.6%),
which is the primary receptor mediating VEGF-A activity on endothelial
cells enhancing proliferation, migration and survival (Terman et al.,
1992; Waltenberger et al., 1994; Gerber et al., 1998; Jia et al., 2004). In
neoplastic development and progression, Tyrosine Kinase Receptors

(RTKS) are commonly deregulated and excessive phosphorylation sus-
tains signal transduction pathways leading to an activated state and
tumor growth, progression, proliferation, differentiation, inhibition of
apoptosis, metastasis and angiogenesis (Longatto-Filho et al., 2009).
Here, we found in our sequencing results a missense non-synonymous
mutation, rs1870377, with a tolerated SIFT score and minor allele
frequency (MAF) of 0.2119 according to the 1000 genomes project, but
with no ClinVar database information. This SNP was previously re-
ported in a study with glandular odontogenic cyst (de Siqueira et al.,
2017).

Combining the findings of the mutation number in the responder vs.
non-responder groups with the immune profile data, a positive corre-
lation between the number of gene mutations and the number of PD-
L2* TILs was seen in the responder group, and not in the non-responder
group (Fig. 6). This may indicate a possible association between greater
genomic instability and a more active immune response, while this
cannot be affirmed with the number of samples used in this study.

In conclusion, our studies show that CC patients that go on to re-
spond to chemoradiation therapy display a more intense immune in-
flamed phenotype characterized by a greater CD8" TILs and higher
expression of PD-1, and PD-L1/2 as compared to the non-responder
group. Importantly, the non-responder group showed a negative cor-
relation between PD-1 expression and CD8* TILs, and a positive cor-
relation between TAMs and PD-1 and PD-L1* TILs, consistent with a
suppressed immune microenvironment. Moreover, an association be-
tween the number of mutations and PD-L2* TILs suggests further stu-
dies between specific gene mutations and immune activity in responder
vs. non-responder CC patients. Thus, taken together, these studies de-
monstrate a potential role for early tumor immune activation and
subsequent response to chemoradiation therapy and pave the way for
further studies to investigate the molecular and immunoregulatory
mechanisms behind these findings.
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