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ABSTRACT

Objective: To predict the prognosis of cervical cancer, we constructed a novel model with 5
specific cell types and identified a potential biomarker.

Methods: We employed CIBERSORT and xCell method to evaluate the abundances of 23
cells types in tumor microenvironment. Five specific cell types were filtrated to determine
different immunotypes by applying least absolute shrinkage and selection operator (LASSO)
Cox regression method. The expression of immune checkpoints (ICPs) and effectors were
validated by immunohistochemistry. Correlation analysis was performed to examine the
relevance between PIK3CA mutational status and ICPs.

Results: Unsupervised clustering of patients on the basis of tumor infiltrating lymphocytes
and fibroblasts identified patients with shorter overall survival (OS) (hazard ratio
[HR]=3.0729; 95% confidence interval [CI]=1.5103-6.2522; p=0.0118). An immunoscore
(IS) signature consisting of 5 immune cell types infiltrating in tumor core (CD8T, activated
NK cells, neutrophils, activated mast cells, macrophages) was constructed using LASSO Cox
regression analysis. Receiver operating characteristic curves confirmed that the area under
the curve of IS was significantly higher to that of International Federation of Gynecology and
Obstetrics staging alone (0.637 vs. 0.55). Survival analysis revealed patients in high IS group
exhibited a poorer OS (HR=3.0113; 95% CI=1.8746—4.8373; p<0.0001). The multivariate
analysis indicated the IS was an independent prognostic factor. In addition, the lower IS
related to higher expression of ICPs and neoantigen load.

Conclusions: The identification of IS in cervical cancer tissues could facilitate patient risk
stratification and selection of immunotherapeutic responses, but more prospective studies
are needed to assess its reliability.

Keywords: Cervical Cancer; Survival Analysis; Immune Checkpoints Molecules

INTRODUCTION

Cervical cancer is one of the common women malignant tumors around the world. It ranked
fourth for incidence and was also the fourth leading cause of death among women [1]. Since
human papillomavirus (HPV) vaccine has been explored and introduced in several countries,
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the incidence of cervical cancer has been decreasing in recent years [2]. In addition, there
is still an unmet demand for treatments for patients of cervical cancer [3]. Therefore,

new therapeutic strategies and novel biomarkers (including the ideal biomarkers for
immunotherapy) that contribute to provide prognostic information are desperately needed,
especially for advanced carcinoma of cervix.

Previous studies have demonstrated that heterogeneity of tumor microenvironment (TME)
including immune infiltrating cells in cervical cancer may influence its development,
occurrence, and prognosis [4,5]. However, the landscape of tumor infiltrating cells (TICs)
associated with the prognosis of cervical cancer remains poorly described. A comprehensive
grasp of TICs is conductive to predicting the disease prognosis and personalizing the
treatments for patients of cervical cancer, for the reason that both immuno-suppressive and
immuno-active cells were known for coordinating tumor progression and tumor metastasis
[6]. On the other hand, despite there were several prognostic models of cervical cancer
having been constructed, few combined multiple biomarkers into one single model [7-9].
Several studies have also observed that the method utilizing tumor infiltrating cells and
fibrocytes (fibro) may constructed a better prognostic model in other cancers [10,11].

Therefore, in this study, we confirmed that 5 specific immune infiltrating cells participated
in building a new prognostic model and a new immunoscore (IS) was identified as an
independent prognostic factor. Patients in the low IS group exhibited a better overall survival
(OS), and thus we performed immunohistochemistry (IHC) to define its characteristics.
Additionally, a correlation among immuno-activity and immune checkpoints (ICPs) was
discovered and validated. PIK3CA, as a potential biomarker, may conduce to predict survival
and suggested its possibility of targeted therapy in cervical cancers [12-14].

MATERIALS AND METHODS

1. Cervical cancer datasets
In total, we gathered 3 cohorts of samples from patients for this study.

Cohort 1 raw data from The Cancer Genome Atlas (TCGA) were downloaded from the
UCSC Xena browser (https://xenabrowser.net/datapages/). The selection criteria were: 1.
Available for mRNA expression data. 2. Available for OS data. 3. Pathological type: cervical
cancer. In addition, somatic mutation genes (SMGs) and neoantigen data in cervical cancer
were respectively obtained from cBioPortal (http://www.cbioportal.org/) and The Cancer
Immunome Atlas (https://tcia.at/).

Patients of Cohort 2 underwent cervical conization in Obstetrics and Gynecology

Hospital, Fudan University were included. Pathology staging was performed according to
the International Federation of Gynecology and Obstetrics (FIGO) classification (2018).
Pathologic data consisted of histologic type and TNM staging were determined according to
the current World Health Organization classification [15]. All the cases were reviewed and
pathological diagnosis were confirmed by at least 2 gynecological pathologists. Cohort 2
was comprised of 63 cancers consisting of 6 HPV negative and 36 HPV positive (the rest were
undetected), and 6 cervical intraepithelial neoplasms (CINs).
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Cohort 3 raw data including GSE5787, GSE226511, GSE63514, GSE75132, GSE27678

from Affymetrix and [llumina microarrays were downloaded from the Gene Expression
Omnibus (https://www.ncbi.nlm.nih.gov/geo/). The mRNA expression data from the same
Affymetrix Human Genome U133 Plus 2.0 Array were altered to background-adjusted,
quantile-normalized and log-transformed expression values using Robust Multichip Average
expression summary in RMAExpress (version 1.2.0). The selection criteria were: 1. Available
for mRNA expression data. 2. Pathological type: CIN or cervical cancer.

2. Gene expression data analysis

We first employed CIBERSORT method (https://cibersort.stanford.edu/) using the provided
LM22 signature genes file (22 immune cell types) in Cohort 1 to evaluate the abundances

of immune infiltrates in TME. Fibrocyte infiltrating data of Cohort 1 were obtained by
applying xCell method (http://xcell.ucsf.edu/). Patients with different tumor infiltrating cell
patterns including 22 immune cell types and fibrocyte [10] were grouped using Hierarchical
Clustering (based on Euclidean Distance and Average linkage clustering). Least absolute
shrinkage and selection operator (LASSO) Cox regression method [16] was used to remove
redundant cells, as a consequence we selected 5 survival-related cells (neutrophils [Neut],
mast activated cells [Masta], macrophages [MO], NK activated cells [NKa], CD8 T cells
[CDS8TY]). The coefficients and partial likelihood deviance were calculated with “glmnet”
package in R (version 3.6.1; R Foundation, Vienna, Austria). The formula was as follows:
1S=1.011*Neut+5.393*Masta+0.542*M0+3.451*NKa-1.609*CDS8T. Every sample was
estimated by this formula and gained an IS. The cut off value was determined by the X-tile
software (version 3.6.1; Yale University School of Medicine, New Haven, CT, USA). We chose
the optimized value “0.48” by X-tile, as it could facilitate patient risk stratification (p=0.0003)
and there was a nearly equals split between these 2 groups. For further analysis, MCP-counter
method [17] was applied to evaluate the different immune infiltrates between these 2 groups.

3. Functional and pathway enrichment analysis

To determine the gene features of the 2 groups before (IS Lo, IS Hi), Gene Ontology (GO)
terms were identified with a strict cutoff of p<0.01 and false discovery rate<0.05 [18]. We also
identified pathways that were upregulated and downregulated between IS Lo and Hi Lo by
running Gene Set Enrichment Analysis (GSEA) with differentially expressed genes (DEGs;
DEGs between the groups were determined using the R package “limma”). Immune system
process, on the basis of up-regulated genes in IS Lo, was performed by ClueGO (version 2.5.4).

4. IHC and evaluation

For IHC, tissue microarray (TMA) sections were performed through deparaffinizing,
rehydrating, bringing slides to a boiled sodium citrate buffer then cooling down to room
temperature, blocking each section with 100-200 pL blocking solution for 2 hour at room
temperature, incubating primary antibodies with PD-1 (HPA035981, 1:100; Sigma, St.
Louis, MO, USA), PD-L1 (SAB4301882, 1:60; Sigma), GZMB (46890s, 1:500; Cell Signaling
Technology, Danvers, MA, USA), CD68 (ab955, 1:300; Abcam, Cambridge, UK), CD56
(07-5603, 1:600; Invitrogen, Carlsbad, CA, USA), CD8a (70306s, 1:200; Cell Signaling
Technology), anti-Mast cell tryptase (ab2378, 1:10,000; Abcam), CD66b (392902, 1:400;
Biolegend, San Diego, CA, USA) overnight at 4°C, adding secondary antibody and staining.
All the slides were analyzed using National Institutes of Health software Image]J (Java™
Platform SE binary; National Institutes of Health, Bethesda, MD, USA). We chose 3 high-
power fields (HPF) of every point from TMA. Data of every point was hence evaluated and
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recorded as the average number of positive cells per HPF. In particular, PD-L1 expression was
evaluated respectively in tumor core region and stroma.

5. Statistical analysis

Statistical analysis was performed using R software (version 3.6.1; R Foundation) and
Graphpad prism (version 8; GraphPad Software, San Diego, CA, USA). Cumulative survival
was estimated applying the Kaplan-Meier method and the significance was assessed by
the log-rank test. Chi-square test was used to examine the difference in clinical indicators
between the 2 groups by IBM SPSS Statistics 21.0 (IBM Corp., Armonk, NY, USA). Both
univariate and multivariate Cox proportional hazards regression analysis were applied to
estimate the hazard ratios and 95% confidence intervals of IS and other clinical indicators
(age, HPV status, clinical stage, histological type, TNM staging) by MedCalc (version 18;
MedCalc Software, Mariakerke, Belgium). The receiver operating characteristic (ROC) curves
and area under the curve (AUC) were performed and calculated by packages in R.

RESULTS

1. Specific immune infiltrating cells contributed to build new prognostic model
Cohort 1 was grouped in 3 clusters on the basis of different infiltrates of 23 cells: B naive cells
(Bn), B memory cells (Bm), plasma cells (plasma), CD8T, naive CD4 T cells (CD4Tn), resting
memory CD4 T cells (CD4Tm), activated memory CD4 T cells (CD4Tma), follicular helper

T cells (Tth), regulatory T cells (Tregs), yoT cells (Tgd), resting NK cells (NKr), activated

NK cells (NKa), monocytes (mono), MO macrophages (MO), M1 macrophages (M1), M2
macrophages (M2), resting dendritic cells (DCr), activated dendritic cells (DCa), resting
mast cells (mastr), masta, eosinophils (eos), Neut and fibro. The clinical characteristics

and pathological information for patients among 3 groups were displayed in Fig. 1A
(Supplementary Table 1). Histological types were categorized as squamous cell carcinoma
(SCC) and adenocarcinoma, of which 85.5%, 76.1%, 84.6% were observed for SCC in 3
groups (Supplementary Fig. 1A: p=0.199). Additionally, we analyzed HPV status, HPV types
as well as their proportions in 3 clusters respectively (Supplementary Fig. 1B: p=0.273;
Supplementary Fig. 1C: p=0.276). Patients of cluster 2 showed a better OS in Kaplan-Meier
survival curve, compared with cluster 1 and 3 (Fig. 1B: p=0.0118).

Considering not all 23 cells were significantly associated with OS, we applied LASSO

Cox regression method to filter related cells and their distribution. Five related immune
infiltrating cells were selected from 23 tumor infiltrating cells to construct the prognostic
model. The formula based on the coefficients and partial likelihood deviance from LASSO
was as follows (Fig 2A): 1S=1.011*Neut+5.393*Masta+0.542*M0+3.451*NKa-1.609*CD8T.
According to the median IS (IS ;eq:.,=0.048), Cohort 1 was split into 2 groups: IS Lo and IS Hi.
The IS curve and patient survival status suggested that patients with lower IS tended to have a
better prognosis (Fig. 2B and C), which corresponded with the result analyzed with 3 clusters:
cluster 2 with the prolonged survival had the lowest IS (Fig. 2E) and a greater proportion of
patients belonging to the low IS group (Fig. 2F). Moreover, CD8T were enriched in IS Lo,
while macrophages and Neut were congregating in IS Lo (Fig. 2D). Distribution of clinical
characteristics including FIGO staging (p=0.045) (Fig. 2G) and TNM staging (T: p=0.011;

N: p=0.011, Fig. 2H; M: p=0.029) (Supplementary Table 2) varied significantly in IS Lo and

IS Hi. In addition, MCP-counter method confirmed different immune infiltrating patterns
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Fig. 1. Clinical information and survival analysis of 3 clusters based on immune infiltrates. (A) Tumor infiltrating cells, clinical and pathological features of 138
samples for 3 clusters in Cohort 1. (B) Kaplan-Meier survival curves displayed the clinical outcomes of 3 clusters.

ACC, adenocarcinoma; Bm, B memory cells; Bn, B naive cells; CD4Tma, activated memory CD4 T cells; CD4Tmr, resting memory CD4 T cellls; CD4Tn, naive

CD4 T cells; CD8T, CD8 T cells; DCa, activated dendritic cells; DCr, resting dendritic cells; Eos, eosinophils; Fibro, fibrocytes; FIGO, International Federation

of Gynecology and Obstetrics; HPV, human papillomavirus; M, metastasis; Masta, mast activated cells; Mastr, resting mast cells; Mono, monocytes; MO, MO
macrophages; M1, M1 macrophages; M2, M2 macrophages; N, node; Neut, neutrophils; NKa, NK activated cells; NKr, resting NK cells; Plasma, plasma cells; SCC,
squamous cell carcinoma; T, tumor; Tfh, follicular helper T cells; Tgd, y3T cells; Treg, regulatory T cells.

in these 2 groups. On further analysis, all immune cells except myeloid DC, which were
conventionally considered as essential roles in inhibiting tumor growth, were seen to be
enriched in IS Lo (Fig. 21). The reasons behind needed more study.

Compared with IS Hi, survival analysis suggested that low IS was a good prognostic indicator
(Fig. 3A). Together with univariate, multivariate Cox regression analysis and risk stratification
by FIGO staging (Supplementary Fig. 1D-F), we preliminary demonstrated that IS might be an
independent prognostic index for OS in cervical cancer (Fig. 3C, Supplementary Fig. 1D-F).
The AUC of the survival ROC reached 0.637 for IS, 0.55 for FIGO staging, indicating its
satisfactory prognostic value of estimating patient survival (Fig. 3B).
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Fig. 2. Five specific immune infiltrating cells contribute to build the prognostic model. (A) Five immune infiltrating cells including Neut (red), Masta (purple),
macrophages (black), NKa (light blue), CD8T (dark blue) were selected by LASSO Cox regression method. (B) IS, survival status and (C) OS time of patients in
Cohort 1. (D) Heatmap of 5 immune infiltrating cells profiles (the transition from pink to blue suggested the transition from low proportion to high proportion).
(E) Scatter plots showed cluster 2 had lower IS than cluster 1and 3. (F) The histogram of immune type in 3 clusters. The histogram of (G) FIGO staging, (H)
metastasis in IS Lo and IS Hi. (1) Violin plots of immune infiltrating cells between the 2 groups.

CDB8T, CD8 T cells; FIGO, International Federation of Gynecology and Obstetrics; IS, immunoscore; LASSO, least absolute shrinkage and selection operator;
Masta, mast activated cells; MO, MO macrophages; Neut, neutrophils; NKa, NK activated cells; OS, overall survival.

ns, not significant; *p<0.05; ¥p<0.001; $p<0.0001. (continued to the next page)
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2. Analysis of the immunobiological characteristics and signal pathways of
immunotypes
IS Lo exhibited distinct expression patterns for immune-specific gene sets. After comparing
the mRNA expression levels of Cohort 1, 262 genes were identified as significantly
differentially expressed between the 2 groups (|log,FC|>1, adj.p-value<0.05). Meanwhile,
the genes coding for ICPs (PD-I: |log,FC|=1.731) and effectors (GZMB: |log,FC|=1.405)
were up-regulated in IS Lo (Fig. 4A). To determine pathways that were upregulated and
downregulated in the 2 groups, we applied GSEA and GO analysis. The results displayed that
IS Lo was highly enriched in the pathways including antigen processing and presentation,
Toll-like receptor signaling, T-cell receptor signaling and B-cell receptor signaling, NK cell-
mediated cytotoxicity, indicating its active immune status (Fig. 4B, Supplementary Table 3).
Thus, tissues with lower IS had distinct immunobiological characteristics: higher expression
of ICPs and up-regulation of immune-related pathways. Moreover, 7 classical ICPs and 2
immune effectors (CD8A, GZMB) expression profiles were compared in Cohort 1 between IS
Lo and IS Hi (Fig. 4C). Notably, IS Lo maintained at a higher level of expression of ICPs and
immune effectors, when compared to IS Hi (Fig. 4D).

Given that higher expression of ICPs was tightly related to immune activity, IHC was
performed and we further analyzed the expression of every point on TMA (Fig. 4E). In
cervical cancer, the results indicated that the expression of PD-1 was significantly and
positively correlated with the expression of immune effector-GZMB (Fig. 4F). However, the
expression of PD-L1 was far more complicated, for both cancer cells and tumor-infiltrating
lymphocytes had variably PD-L1 positive expression. As a result, we evaluated every point

in tumor core region and stroma, respectively (Supplementary Fig. 2A-D). In particular, the
expression of PD-L1 were shown to be positively relevant to that of GZMB in total and stroma,
while we didn't reach the similar conclusion in tumor core. Taken together, these results
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IS, immunoscore; M, metastasis; N, node; 0S, overall survival; ROC, receiver operating characteristic; T, tumor.

suggested that higher expression of PD-1 and PD-L1 related to higher expression of GZMB,
which might give partial interpretation to better prognosis of patients in IS Lo.

3. Different genomic characteristics in IS Lo vs. IS Hi

Additionally, we analyzed 272 samples. Several common somatic gene mutations, PIK3CA,
was detected in 28% patients, followed by EP300 (12%), FBXW7 (11%), PTEN (7%), ARIDIA
(6%), KRAS (6%), respectively (Fig. 5A). Among 13 SMGs (FBXW7, KRAS, MAPKI1, PTEN,
HLA-A, HLA-B, ARIDIA, EP300, PIK3CA, NFE2L2, CASP8, ERBB3, STKII) [19], except MAPKI,
PTEN, NFE2L2 and STK11, the majority were more frequently mutated in IS Lo. Considering
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the polymorphism of HLA (HLA-L, HLA-J, HLA-H, HLA-G, HLA-F, HLA-E, HLA-DRB6, HLA-
DRBS, HLA-DRBI, HLA-DRA, HLA-DQB2, HLA-DQBI, HLA-DQA1, HLA-DPB2, HLA-DPBI, HLA-
DPAI, HLA-DOB, HLA-DOA, HLA-DMB, HLA-DMA, HLA-C, HLA-B, HLA-A), comprehensive
analysis and comparisons were made, which exhibited their higher expressions in the
immuno-active group (Fig. 5B).

In cervical cancers, mutation burden is associated with a good response to ICP therapy
[20,21]. We analyzed the impact of mutation load and found that there were substantial
differences between the 2 clusters we previously defined. IS Lo tended to have higher
mutation load comparing with IS Hi (p=0.0096) (Fig. 5C), suggesting that patients with
higher mutation load may gain better prognosis.
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Fig. 5. Gene mutation landscape of cervical cancer. (A) Patients were categorized according to their common mutated genes. (B) Box plots of HLA expression
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Since neoantigens are promising candidates for effective cancer vaccines [22], we analyzed
neoantigen load in these 2 groups. Interestingly, we observed increasing neoantigens in IS
Lo with better disease outcome (p=0.0019) (Fig. 5D), although the underlying mechanism is
unclear. Nonetheless, these results suggested that the robust immune response in IS Lo was
likely related to the effects of neoantigens.

4. PIK3CA might be a promising biomarker for the choice of treatment and
prognosis
Upon checking the difference in frequency between IS Lo and IS Hi, we found that SMGs
were not equally distributed in these 2 groups. Our study displayed that, PIK3CA, a frequent
somatic mutation in cervical cancer, was more likely to be mutated in IS Lo in cervical cancer
(a 2-tailed Fisher's exact p-value=0.002) (Fig. 5E). To be more specific, PIK3CA™td with
lower IS (Fig. 5G) was detected in IS Lo of 50 (36.23%) patients and IS Hi of 25 (18.66%)
patients (Fig. 5F).

Since immunological checkpoint inhibitors (involving anti-PD1 and anti-PDL1 agents) are
being developed, we then looked at the distribution of ICPs expression between the 2 groups.
Intriguingly, patients with PIK3CA mutations were discovered a higher expression of PD-LI
(Fig. 5H). Conceivably, the connection between PIK3CA mutations and PD-LI expression
suggested its potential possibility of drug utilization, such as PD-1 or PD-L1 inhibitors [14,20].

DISCUSSION

Given numerous studies have focused on the indicators or biomarkers for prognosis
prediction, a more effective prognosis model is still desperately needed. In the meantime,
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our studies identify an IS signature consisting of 5 immune cells with LASSO Cox regression
analysis, which is significantly superior to apply FIGO staging alone. According to our
classification based on IS, the ICPs inhibitors and PI3K inhibitors may become the potential
treatments towards the low IS group. In conclusion, this preliminary study seems to facilitate
patient risk stratification and optimize therapy in cervical cancers.

Based on previous research, those with high immune infiltrates tumors have better outcomes
with conventional therapy or immunotherapy [23,24]. In this study, our first intriguing
observation is that, of 23 cells including fibro, not all but 5 specific selected cells contribute

to build the new prognostic model. In the ultimate formula based on LASSO Cox regression
method, Neut, Masta, macrophages (MO) were considered as worse prognostic indicators
while CD8T was considered as a favorable prognostic indicator. We also noticed that NK cell-
mediated cytotoxicity and T-cell receptor signaling pathway were upregulated in IS Lo which
was defined as an immuno-active cluster. These finding were consistent with previous studies
[25-27]. Furthermore, we got an IS “immunoscore” on the basis of LASSO Cox Regression
method. Multivariate Cox analysis and ROC curve, combining FIGO staging and IS, manifested
the advantage of IS over cervical cancer to predict survival, indicating its promising prospect

of clinical application. In addition, we analyzed the fraction of immune infiltrates in these 2
groups based on MCP-counter, which assists in accessing the immune composition of a tumor
sample. In accordance with the results before, we found that CD8T, B cells and mono were
abundant in cervical cancers. Interestingly, our results revealed that the higher infiltration of
myeloid cells, which contributed to malignant transformation as well as cancer progression and
metastasis [28], had been observed in IS Lo, indicating the variation and complexity of TME.

In this case, IHC for 5 related cells was performed: Neut, Mast cells, Macrophages, NK cells,
CDST. Then, samples from patients was categorized into 2 groups by applying Hierarchical
Clustering (Supplementary Fig. 3A). Notably, a higher expression level of GZMB was seen in
the group with higher aggregation of CDST (Supplementary Fig. 3B). Despite the inconsistent
immune infiltrates, it revealed the promising clinical value of those 5 specific cells for prognostic
prediction. However, how every cell out of the 5 exerts an impact on prognosis remained further
experiments, owing to limits that the formula we constructed was based on the TCGA database
and our sizes of the population were relatively limited. Therefore, further studies are needed to
explore intrinsic features of TICs and their clinical significance in cervical cancer.

Besides, there were significant differences in mutation and neoantigen loads between the

2 groups. Neoantigens are extremely unique and their selective expression on tumor cells
greatly lower the risk of autoimmunity and immune tolerance. Recently, several studies

also revealed that highly mutated tumors are more likely to possess neoantigens, making
them become targets, activate immune cells and respond to therapeutic strategies [29-31].
According to our study, IS Lo with higher level of mutation load and neoantigen loads showed
a better OS while IS Hi was correlated with a worse clinical outcome, which might partly
explain the good response to treatments in cervical cancer and indicated its clinical value.
Meanwhile, our preliminary results showed that HLA family genes are usually much higher
expressed in immuno-active samples of cervical cancer. Prior studies have shown that loss

of HLA gene family especially HLA-I are involved in distinct biological processes including
tumor progression and resistance to immunotherapy [32,33]. In addition, downregulation of
HLA genes may facilitate immune evasion, for a pivotal step in neoantigen presentation and
cytolytic T cell response is governed by HLA, especially class I HLA. In summary, we supposed
that higher expression of HLA may relate to stronger immune activity, which made it possible
to be a promising predictive biomarker of survival.
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As the advances of immunotherapy, more related drugs have been developed. However, a certain
number of patients failed to response in clinical practice [34-36]. Until now, several studies

have demonstrated that PD-1 and PD-L1 expression were favorable prognostic indicators while
others denied, and thus the results still remained controversial [39,40]. Our study showed a
positive effect of PD-1 and PD-L1. Meanwhile, we found stronger expression of GZMB in patients
who had higher expression of PD-1 and PD-L1, suggesting its stronger anti-tumor response.
Similar results have also been observed in other gynecologic cancers like ovarian cancer [40].
We speculated that this phenomenon might be explained by compensatory upregulation to
coordinate the TME, though the in-detail mechanisms were still not clearly understood. As PD-
L1 expression pattern is more complicated, we evaluated every point of TMA separately according
to different sites. Comparing with PD-L1+ tumor cells, PD-L1+ tumor infiltrating lymphocytes
displayed stronger correlation with the expression of GZMB, which might be a better indicator
to predict prognosis, implying the activation of anti-tumor response in tissues. Meanwhile, we
also noticed increase in PD-1, PD-L1 and GZMB expression were significantly correlated with

the progression of disease, from CIN to cervical cancer (Supplementary Fig. 2E and F), which
corresponded with previous research [41,42]. However, there was no significant difference in
HPV status between the 2 groups after analyzing our own data (Supplementary Fig. 2G).

Additionally, PIK3CA, one of the most frequently mutated genes, is known to play a vital role
in regulating cell growth and apoptosis. Higher expression of PD-L1 in PIK3CA™ ! patients
showed the potential and possibility to response to PD-1 or PD-L1 inhibitors in cervical
cancers before [43,44], and we might need additional research to support the assumption.
Some limitations should be addressed. It was a retrospective study and the sizes of the
population were relatively limited. Additional studies are required.

In conclusion, our investigations constructed a new prognostic model by selecting several
immune infiltrating cells and identified a new IS, which might be an effective predictive tool
to distinguish patients who might benefit from therapeutic strategies. The low IS group along
with higher expression of ICPs might be a crucial indicator for immunotherapy and better

prognosis. Also, there is also an opportunity to develop PI3K inhibitors and provide insights
into immunotherapy resistance.

SUPPLEMENTARY MATERIALS

Supplementary Table 1
Clinical characteristics and pathological information for patients in 3 clusters

Click here to view

Supplementary Table 2
Clinical characteristics and pathological information for patients in the 2 groups

Click here to view

Supplementary Table 3
Complementary information on pathway enrichment analysis

Click here to view
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Supplementary Fig. 1

Clinical information of 3 clusters. The histogram of (A) Pathological type, (B) HPV status, (C)
HPV types in cluster 1, 2, and 3. Kaplan-Meier survival curves displayed the clinical outcomes
stratified by FIGO staging in (D) Cohort 1, (E) IS Lo, (F) IS Hi.

Click here to view

Supplementary Fig. 2

Association between the expression of PD-L1 and GZMB. Correlation of PD-L1 and GZMB
expression in Cohort 1 (A), Cohort 2 at specific areas: (B) total, (C) tumor core, (D) stroma.
Different expression of PD-1, PD-L1, GZMB between patients of CINs and cancers in Cohort 2
(E), Cohort3 (F), between HPV+ and HPV- in Cohort 2 (G).

Click here to view

Supplementary Fig. 3

Clinical application of IS. Images of IHC for (A) CDS8T, (B) CDG68, (C) anti-mast cell tryptase,
(D) CDGGD, (E) CD56 in TMA. (F) Cohort 2 was categorized into 2 groups by applying
Hierarchical Clustering. (G) Violin plots of GZMB expression per HPF between the 2 groups.

Click here to view
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