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1. Introduction

1.1 Tumor Microenvironment

Currently, it is regarded that tumor metastasis is formed by two steps. First, tumor cell
proliferates and newborn blood vessels appear, then tumor cells break through the barrier
of extra cellular of matrix and invade towards outside. Subsequently, tumor cells shape
solid tumor at secondary site.

Tumor Microenvironment at primary tumor site is consist of TAMs, TAFs (Tumor-
associated fibrocytes) , MDSC (Myeloid inhibitory cells), mastocyte and so on. These cells
could promote tumor metastasis by secreating multiple cytokines and chemokines. Some
specific tumor microenvironments can promote metastasis by affecting tumor cell
proliferation, the expression level of metastasis related genes, inducing angiogenesis and
degradation of chemokine extracellular matrix.

As to tumor microenvironment at secondary tumor site, since Stephen Paget proposed
the hypothesis of “seed and soil”, numerous clinical and basic research have proved that
tumor metastasis is the result of the interaction between the metastatic tumor cell (seed)
and their organ microenvironment (soil) [1]. Especially, immunomicroenvironment that
consist of immunocytes and inflammatory factors act in the progression of tumor. For
example, a subgroup of CD11b+ macrophages could supervise emigrating tumor cells and
promote the invasion [2]. Moreover, cancer cells could inhibit cytotoxic T-cell function to
downregulate immune response [3]. In addition, immunotherapy, including adoptive cell
therapy (ATC), targeted therapy, has acquired magnificent progression. For example, a
creative ATC named chimeric antigen receptor T cell (CART) therapy has been
successfully applied to hematological malignancies [4]. However, not all tumors have been
found their specific antigens. Tumor immunotarget therapy is to use cytokines such as
interferon and interleukin, immune checkpoint inhibitors such as PD-1/PD-L1 and CTL-4,
and tumor vaccines or other various mechanisms to stimulate or enhance the body's own
immune response to resist tumors [5,6]. However, partial patients are resistant to the
therapies because of individual heterogeneity, or multiple immune escape mechanisms, or
low immune cell infiltration in the tumors [7].

1.2 Targeted therapy

Presently, as the development of molecular biology and genetics, researchers reveal
that malignant tumor presents biological defects with complex specificity, including the
mutation of oncogenes and anti-oncogenes, the decoration of chromosome and so on.
Targeted therapy avails the target molecules of tumor tissues or cells with specific
structure to kill tumor cells specificly with drugs that can combine with the target
molecules.Targeted therapies are developing toward to be personalized and genome-
driven [8].
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Bevacizumab, as a monoclonal antibody of VEGFR, is first to attempt to target
newborn tumor vessels in colon cancer [9]. Subsequently, Trastuzumab and Neratinib are
admitted to treat breast cancer by targeting HER2 [10]. Vemuafenib, as a mutant inhibitor
of BRAF, works for 80% Melanoma patients with muted BRAFV600E [11]. Erbtinib and
Gefitinib are a kind of EGFR-TKLs, can shrink the tumor in 61% NSCLC patients [12].
Imatinib Mesylate is BCR-ABL TKI, which can increases the PFS and OS of CML patients,
compared to traditional medicine [13.] Sorafenib can extend the OS of HCC patients by
targeting VEGFR [14]. Bortezomib, capable of combining the proteasome subunit of 20S
protein, increases complete remission to 43% [15]. In cervical cancer, target therapy mainly
acts in the respects of anti-angiogenesis, block EGFR (Epidemal Growth Factor receptor),
inhibit PARP (poly-ADP-ribose polymerase), and inhibitimmune check points. For example,
Bevacizumab combined with traditional chemotherapy in the treatment of cervical cancer
can improve the anticancer effect, but the side effects are also heavy [16]. Pazopanib,
inhibitors of VEGFR and EGF have effects in cervical cancer of late stage [17]. Cediranib,
as a tyrosine excitation of VEGFR, can extend the PFS of metastastic or recurrent cervical
cancer patients when combined with traditional drugs[18]. Trastuzumab, as a monocolonal
antibody of EGFR, can increase the sensibility of chemotherapeutics to HelLa cells [19].
Gefitinib and Erlotinib, as tyrosine kinase inhibitors, can increase cumulative survival rate
of late staged cervical cancer patients, accompanied with lighter side effect [20]. Immune
checking points are the signals for inhibiting immune. By adjusting the strength and range
of immune activities, the normal tissue can be protected from damage. Immue check point
therapy is to adjust regulatory T cells to elavate immune response to treat tumors. However,
less reports are concerned with cervical cancer.

Polymethyl methacrylate (PMMA), a synthetic polymer, the Food and Drug
Administration has approved it as some human clinical applications like bone cement.
PMMA 4 particles promote macrophages in vitro to produce higher level of TNF-alpha, and
acquire better performance of anti-tumor effect in vivo [21]. RAW 264.7 macrophages can
release pro-inflammatory and anti-inflammatory factors TH1, TH2 and TH17 under the
induction of a novel synthetic fluoroquinolone derivative 6-fluoroquinolone derivative 6-
fluoro-8-nitro-4-oxo-1,4-dihydroquinoline-3-carboxylate (6FN). The growth of HelLa cells
was observed to have a significant inhibitory effect [22]. Indomethacin is used as a
prostaglandin inhibitor.The therapeutic strategy of the combination of OK-432 and Ind.
enhances the immunopotentiation mediated by macrophages, leading to a better effect in
antitumor [23]. Peritoneal macrophages collected from cervical cancer patients, when
treated with sizofiran (SPG) and rIFN-gamma simutaneously, show a potent tumoricidal
effect [24]. Furthermore, sizofiran -immunotherapy assisted with radiotherapy enhances
the cytotoxicity of macrophages for cervical cancer patients [25]. The vaccination of
synthetic long peptide (SLP) can promote through T cells secrete a sufficient amount of
cytokines to convert M2-like macrophages into M1-like macrophages stimulated by
cytokines. which is elementary for shrinking cervical tumor tissue [26]. Antibodies in sera
of recombinant vaccinia virus expressing bovine papillomavirus E2 gene can activate
macrophage-mediated cytotoxicity and effectively kill papilloma tumor cells [27].
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Moreover, target therapy is susceptible to be drug resistant. There are multiple
mechnisms to cause drug resistance. First, the strengthed drug transshipment. A decrease
in uptake of drugs by tumor cells , strengthened responsibility to the drug, and enhanced
expression of drug transfer bump are closedly associated with drug resistance. In some
solid tumor, such as colon cancer, kidney cancer and liver cancer, the expresion of ABCB1
is upregulaed. The highly expressed ABCB1 could weaken the effect of medicine by
pumping medicine out of the cells [28] Some targeted drugs like imatinib, erlotinib, and
sunitinib could be released out of cells by being combined with ABCB1 and ABCG2, which
resulting in drug resistance [29]. Second,the change of targeted genes. The mutation or
the changed expression level of targeted genes are ssociated with drug resistance. For
example, the most important reason for NSCLC patients to get resistant when treated with
EGFR-TKI is the mutation of EGFR T790M [30]. The third reason is the activation of
targeted gene bypass, which will cause compensatory so that drug resistance could appear.
In lung carcinoa cells resistant to EGFR-TKI, researchers find the proliferation of c-Met
bypass [31]. Fourth, drug - adapted epidermal - stromal transformation (EMT). The lack of
MED12 could induce NSCLC cell to produce EMT by activating TGF-b pathway so that
EGFR targeted therapy gets drug resistant [32]. Last but not the least, the change of tumor
microenvironment. TME is closely associated with drug resistance. The mechanisms of
drug resistance contains not only the change in the cancer cells but also that of the
environment around cancer cells. Tumor associated mesenchymal cells and fibroblasts
could produce drug resistance by activating PI3K-AKT and MEK-ERK pathway [33]. HGF
secreated by stromal cells could increase the phosphorylation of its cognite receptors c-
MET so that cell lines with BRAF-V600E mutation could be resistant to BRAF inhibitors.
Similarly, enhancing the expression of PDGF-C in tumor associated fibroblasts could
enhance the drug resistance [34]. Developing drugs with multiple targets or the
combination application of drugs with single target is urgent. Therefore, further researches
to identify more effective immune checking points are necessary.

1.3 Immune related genes and prognostic prediction

Immune related genes have not only the potential to be immune checking points but
also to predict the prognosis of cancer patients. A predictive model consisted of 10 IRGs
(immune related genes) could predict the prognosis for head and neck cancer [35]. Seven
IRGs are conducted to be a predictive model of Colon Adenocarcinoma [36]. A predictive
model is built by Six IRGs for lung squamous cell carcinoma [37]. Thirteen IRGs are
screened out to conduct a prognostic formula for bladder cancer [38]. A prognostic index
has been constructed grounded in percent-splice-in values in squamous cervical cancer
(SCC) [39]. Genomic alterations have been explored and a venture index pattern that can
supervise HPV- correlated bladder disease has been developed [40]. A venture mark
pattern has been created grounded in variously embodied glycolysis-correlated genes, and
the pattern is capable of anticipating the analysis of cervical cancer masses [41]. Currently,
A 4-gene prognostic venture mark pattern has been set in cervical cancer [42]. Apart from
the contemporary researches, it also exists multiple other researches on the prognostic
pattern [43,44]. However, less reports are concerned with cervical cancer. Therefore,
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further researches to identify an efficient model to predict individual prognosis of cervical
cancer patients and immunotherapy targets are necessary.

We have explored twenty immune genes crucially correlated with the survival rate of
cervical cancer patients. DUOX1, IL17RD, CSK, NFATC4, TGFA, CD79,LEPR, N2RF1,
EPGN, GRN, and TRAV26-1 have still no related reports in the field of cervical cancer.
APOD is expressed less in cervical cancer, while TFRC is expressed more in cervical
cancer, contrasted with normal cervix [45] [46]. A former study has identified that cervical
cancer is significantly associated with the polymorphism of rs1041981 of LTA [47]. There
is a significant association between the rare allele (A) of SNP rs2239704 of the 5° UTR
of the LTA gene and increased risk of cervical cancer [48]. F2RL1 is up-regulated in cell
lines of cervical cancer and crucially associated with poor OS [49,50]. Increased HGF in
lesions of cervical cancer is significantly related to a poor prognosis [51].
HDAC1/DNMT3A-containing complex participate in supressing cancer stem cells in
cervical cancer [52]. HGF and BMP6 can promote cervical cancer cells as to migration and
invasion [53] [54]. CD123(+) dendritic cells is significantly less in cervical cancer patients '
peripheral blood, contrasted with the control [55]. A higher proportion of Nrp1+ T-regs
suppresses the immune response to distant cervical cancer cells [56]. The facts mentioned
above are consistant with our current findings. However, Tyk2 is proved to be up-
expressed in squmous cervical cancer cells [57], which is opposite from our study. Low-
through-put experiment, like western blotting analysis, is required to verify accurately.
PTPNG6 is proved to be desperately correlated with HPV infection to cervical cancer
patients, which can be interpreted as cell defense reaction [58].

To probe molecular mechanism behind the clinical importance, we established a
transcription factor-mediated network that could adjust hub IRGs. Among the different
expressed transcription factors associated with survival rate (SDETFs), FIGO stage and
tumor size is significantly correlated with FOXP3 [59]. FOXP3 is correlated with lymphatic
angiogenesis of cervical cancer [60]. FOXP3 is proved to be high expression in cervical
cancer, and it benefits to the proliferation, invasiveness, and inhibiting the apoptosis of
cervical cancer cells [61]. Totally, to cervical cancer patients, FOXP3 is a risk contributor
for the survival rate, which is accordant with our present findings. CBX7 restrains cervical
cancer cells to proliferate [62]. LTA restrains CD4+ T-cells to proliferate in a FOXP3+ Treg-
dependent manner in chronic hepatitis C patients, suggesting that LTA works at FOXP3
[63]. Hence, former researches supply restricted data over the mechanism of 10 IRGs in
the respect of cervical cancer patients’ survival rate.

Discoveries which are associated with the function the total macrophage have on
cervical cancer has long been a point of controversy. It has been found that the quantity of
macrophage in infiltrating carcinoma is larger compared to that of squamous intraepithelial
lesion of cervix [64]. What's more, the quantity of macrophage is larger in squamous
intraepithelial lesion than regular cervical tissue [65]. On the contrary, a research indicated
that existence of the significant infiltration of macrophages showed no association with the
grade of tumor and the condition of the lymphoglandula but was negatively correlated with
the phrase of the tumor [66]. Nevertheless, Davidson et al. have demonstrated that the
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density of the macrophage is irrelevant to the survival rate of patients who suffer from
cervical cancer [67]. Moreover, some studies have shown that CD68 macrophages that
stand for all activated macrophages could not be regarded as a predictive symbol[68,69].
The link between M2-like macrophages and CC is specific. When compared with M2-like
TAMs in normal cervical specimens, the content of M2-like TAMs can be found to be
significantly higher in cervical squamous cell carcinoma tissues [70]. This indicates that the
high index of CD163+ is clearly closely related to FIGO and lymphatic metastasis [71].
CD204+M2 macrophage tumor infiltration density values are at a high level in cervical
adenocarcinoma, and compared with normal organisms, it is found to affect the length of
lifespan. [72].

1.4 Macrophage

Targeted therapy focus not only tumor cells and T cells, but also some
immunosuppressive cells, such as Treg cells and tumor associated macrophages (TAMs)
[9,73].

The sources of macrophages are mainly two: tissue-resident macrophages, and
infiltrating macrophages.

When embryonic organs are formed, macrophages residing on tissues are mainly
macrophages derived from yolk sacs and epithelial tissues or epithelium of precursors of
the fetal liver in a normal state. Macrophages will persist into adulthood and exist as
resident self-sustaining [74]. The functions and properties they exhibit are related to the
location of their organization [75,76]. After birth, monocytes derived from the bone marrow
or spleen can replenish macrophages in tissues on their own in the event of injury and
infection. The location of these macrophages is in the interstitial position. For example,
when alveolar macrophages are replaced by postpartum monocytes, new macrophages
are generated with the same expression profile as alveolar macrophages. This
phenomenon suggests that the function of macrophages is related to the environment in
which the tissue is located [77]. The function of tissue-resident macrophages in maintaining
balance in the body is affected by pathological or physiological inflammation [74,78]. For
example, by assisting the mediation of macrophages, the transformation of lymphocytes
can be inhibited by seminal plasma. It was also found that the presence of seminal plasma
also interferes with the adhesion, diffusion, and phagocytic activity of Peritoneal
macrophages of Aspergillus microcess [79]. In addition, with SPG and IFN-y, strongly
active tumor cells can be obtained, and the inhibitory effect on PGE2 will increase with the
increase of TNF, IFN-y, and IL-1 secretion [80].

Studies involving the nature of infiltrating macrophages have revealed that circulating
monocytes can concentrate most pro-inflammatory mediators at the tumor site, or in
tissues that produce inflammation or infection. When in the stage of inflammation, there
are mainly two types of inflammatory macrophages, which promote inflammation and
inhibit inflammation, or become M1-like or M2-like. These two types of macrophages are
closely related to the following factors, including growth factors, metabolic capacity, local
aerobic capacity, tissue cells, and tissue mechanisms [81]. In the course of specific
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practice, the influencing factors received during macrophage production are specific. It
mainly includes four aspect factors, M2a, M2b, M2c, and M2d [82].

Th1 cytokines IFN vy, IL-2, IL-3, IL-12, TNF-a, these four factors will affect the
polarization of M1-like macrophages. For example, induction can be performed by LPS
and TLR as agonists. Pro-inflammatory factors are secreted by M1-like macrophages,
mainly composed of the following factors, IL-1B, IL-6, IL-12, IL-23, iINOS and tumor
necrosis factor a (TNF-a), chemokine ligand 9 (CXCL-9), CXCL-10, and also include MHC
I and MHC II. Therefore, it can be concluded that M1-like macrophages have an effective
inhibitory effect on inflammation as well as tumors. In contrast, Th2 cytokines can induce
the production of M2-like macrophages, which may mainly include the following factors,
such as IL-4, IL-10, TGF-13, TNF-a, TGF-B 8, GM-CSF, immune complexes, and TLRs.
In the process of increasing the value of cervical cancer cells, it is affected by TAM, and
the value-added, metastasis and lethality of cervical cancer cells are all related to it. At the
same time, TAM can also play a reshaping role in cervical cancer, involving fibrosis and
the effective generation of blood vessels. According to studies, TAM functions more closely
to M2-like macrophages [85].

Generally, macrophages are differentiated into two types: M1 (classically activated)
and M2 (alternatively activated) macrophages [86]. M1 macrophages are stimulated by
Th1 factors. They are anti-tumor. Oppositely, M2 macrophages are stimulated by Th2
factors. They are pro-tumor [87]. Recently, three different subtypes of M2 macrophages
(M2a, M2b, and M2c) have been described. M2a macrophages are polarized by IL-4 and
act in tissue remodeling and reducing inflammation [88,89]. M2b macrophages are
stimulated by Fcy receptor plus LPS or IL-1B and act in antigen presentation that causes
Th2 cell differentiation that is detrimental for cancer immunotherapy [86,91] while some
studies suggest that Th2 cells could work well in eliminating cancer as soon as they are
transferred [92,93]. M2c is stimulated by some anti-inflammatory stimuli, such as IL-10 or
TGF and associated with immunoregulation, matrix deposition and tissue remodeling [94].
Studies have shown that M2 subtypes play a role in tumors. M2a synergistically promote
migratory and invasive responses of breast cancer cells [95]. M2b could promote
hepatoma carcinoma progression [96]. Pellino-1 inhibit tumor growth in vivo by inhibiting
IL-10-induced M2c macrophage polarization [97].

TAMs are shaped by various activation modes and labelled with various markers in
different tumors [98]. As far as cervical cancer, the formation mechanism of TAMs
principally associate with tumor-derived molecules, the anaerobism mini-environment and
molecules which come from other sources. With regard to the generation of TAMs,
researchers discovered in 1982 that monocytic functions the chemotaxis, the inhibitory
effect of the T cell mitosogen response is affected by phagocytosis and auxiliary function
when hyaline leukocytes were precultured in cervical cancer sera. According to the
reasonable speculation of the study, it can be found that containing some components in
the cancer serum can play an immunosuppressive function, mainly by inhibiting the
function of monocytes in the cancer-containing components. [96]. What's more,it was also
found that When treating M1-like macrophages using supernatants from CC cell lines, M2-
like phenotypes such as CD163, TLR-3, -7, -9, and IL-10 can be found increased [97,98].
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In a similar way, cervical cancer cells which are co-incubated reduce the macrophage M1-
like polarization partly by the means of downregulating necroptosis [99]. Molecules from
seminal plasma: COX-2 can be activated by seminal plasma (SP) to achieve high
expression of prostaglandin E2 receptors in cervical adenocarcinoma cells [80,81].
Cervical cells produce higher concentrations of IL-6 when stimulated in vitro by normal
seminal plasma [82]. In addition, it plays an important role in the polarization of M2-like
macrophages, prostaglandin E2 and IL-6 [79]. The results suggest that seminal plasma
(SP) may have an impact on the differentiation of monocytes through the effects on
prostaglandins or IL-6 in cervical cancer. However, more experimental verification of the
effect of the molecules in SP on macrophages is expected to be performed.

Molecules from anaerobic microenvironment: Overexpression of Nrp-1 in cervical
cancer in the absence of oxygen can lead to the aggregation of cervical TME of hypoxic
types and the transformation of polarized macrophages into M2-like phenotypes. [83].
Nevertheless, these researches did not illustrate which composition resulted in the M2-like
induction. As the investigation moves forward, researchers have discovered that CC cell-
derived factors play role in the polarity as well as the activation of monocytes.

Molecules from anaerobic microenvironment: Overexpression of Nrp-1 in cervical
cancer in the absence of oxygen can lead to the aggregation of cervical TME of hypoxic
types and the transformation of polarized macrophages into M2-like phenotypes. [83].
Nevertheless, these researches did not illustrate which composition resulted in the M2-like
induction. As the investigation moves forward, researchers have discovered that CC cell-
derived factors play role in the polarity as well as the activation of monocytes.

Heusinkveld et.al through the study of the interaction between CD4(+)Th1 cells, the
main discovery is that the M2-like macrophages induced by cervical cancer cells can be
stimulated by high levels of stimulation to obtain lymphoid homecoming marker CCR7, and
under the activation of lymphoid homecoming markers, M1-like macrophages can be
obtained, and a tumor suppression environment can be achieved under this condition [100].
The specific composition of Th1 is unclear for macrophages.

Saito T et. By studying the degree of rIFN-y its inhibitory effect on tumor growth with
dose changes when treating cervical cancer. In addition, rIFN-y has been found to have a
strong inhibitory effect on the growth of human adherent ascites cells against ovarian
cancer and melanoma cells [101]. However, there is no solid evidence to verify this
inhibitory effect, and rIFN-y has an effect on the spread of TAM, thereby playing a role in
eliminating tumors in CC.

TAMs mediates immune tolerance so that they could enhance the effects of some
anti-tumor drugs. For example, the clearance of TAM in hepatoma could enhance the effect
on inhibiting angiogenesis and metastasis of Sorafenib [102]. However, some studies show
that the Fc y receptor of TAMs participate in antibody dependent cellular cytotoxicity.
Therefore, the clearance of TAMs will block the response of effector T cells resulting in
decreasing pharmaceutic effect [103]. What is the distribution of subtypes of macrophages
in TAMs in various cancers and how to regulate tumor-promoting TAMs to anti-tumor types
are essential to be studied.
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1.5 Cervical cancer

The fourth important factor in the occurrence of cervical cancer death resulting from
cancers in female around the world and the third most common type of cancer. It is also
the most prevalent kind of cancer in the developing cancers. Among global women, new
cases are about 466000 each year. The occurrence of cervical cancer is associated with
many factors, such as the infection of HPV, fecundity, lower age of first delivery, messy
sex, poorer economy status, smoking, and long-term oral contraceptive [104,105].
Squamous cell carcinoma (SCC) and adenocarcinoma occupy the most histological
subtypes of cervical cancer, accounting for 70% and 25%, respectively [106].

Continuous HPV infection will promote the form of pre-metastatic niche of cervical
cancer. The highly risky types HPV 16/18 can activate the signal transduction of
interleukin-6 or the pathway of signal transduction and activator of transcription 3 (STAT3)
to promote the progression of cervical cancer. On one side, in the HPV genome, E6 could
activate STAT3 to promote cervical cancer cells to produce IL-6. STAT3 in activated
fibroblasts could further promote senescence of normal stromal fibroblasts by autocrine
and paracrine pathways. Eventually, pre-metastatic niche is reconstructed, which
accelerates the growth and malignant transformation of cervical epithelial cells. The
process of activating STAT3 can polarize M1 to M2 macrophages, while M2 macrophages,
as a kind of anti-inflammation cells, can promote the proliferation of cancer cells [107]. For
example, in adenocarcinoma of the cervix, the amount of CD204+ M2 macrophages is
significantly negatively associated with disease free survival rate (DFS), which indicates
that the higher amount of CD204+ M2 macrophages could predict worse prognosis of
cervical cancer patients [108]. Meanwhile, the activation of STAT3 could also promote the
growth of tumor-associated blood and lymphatic angiogenesis[109]. On the other side,
oncoprotein E6 of HPV could induce cervical cancer cells secrete factors to attract tumor
associated fibroblasts by the pathway of IL-6 or transcription factor activation to promote
the metastasis of tumor cells [110].

Although recent improvements in therapeutic options, including chemoradiotherapy
and surgery, have increased the survival rate of patients with primary cervical cancer, the
5-year survival rate of the patients who suffer from local or distant metastasis is reduced
to 50% [111,112]. At present, immunotherapy has made a breakthrough in the treatment
of cervical cancer. In particular, the monoclonal antibody pembrolizumab has been
developed into a drug that FDA approved for second-line therapy in patients with cervical
cancer who are positive for PD-L1 or who have high microsatellite instability or mismatch
repair gene defects. The Listeria monocytogenes live inactivated vaccine vector (ADXS11-
001) can be genetically engineered to generate the fusion protein of HPV-16 E7 to
stimulate the immune response to E7. However, the overall remission rate is low [113,114].
Therefore, efforts to further screen out patients with good response to immunotherapy and
to search for new targeted molecules would be crucial.
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1.6 CCL22

Huang et al. studied the effects of overexpression of the CCL22 gene on cancer cells
in the head and neck [115]. CCL22 can be found in macrophages of glossal squamous cell
carcinoma [116]. In addition, CCL22 was also found to be present in rectal cancer M2-like
macrophages[117]. As a kind of secreted protein of monocyte-derived macrophages and
DCs, the C-C motif chemokine ligand 22 (CCL22) gene participates in chemotactic activity
for various immunocytes including monocytes and chronically activated T lymphocytes
[118-120]. CCL22 could be up-regulated by cytokines secreted from Th2 cells, and down-
regulated by cytokines from Th1 cells. Furthermore, some kinds of cancer cells also
produce CCL22 [121]. CCR4 is the receptor of CCL22. CCR4 is expressed on the surface
of Th2 and Treg cells [122]. CCL22 could also inhibit immune activities to microbial
infections and cancer progression by attracting Th2 cells and Treg cells [123]. For example,
CCL22 could attract entering the mass of adjustable T (T-reg) in tumor cells and decrease
immune cells in ovarian cancer [124]. High leveled CCL22 expressed in M2 macrophages
confers colorectal cancer to be resistant to 5-fluorouracil [125]. Studies have shown that
the expression of the mRNA of the CCL22 gene found in tissues of cervical cancer is
relatively high relative to the normal part [126]. Li et al. conducted a meticulous study of
CCL22 and found that the relatively independent influencing factor for postoperative
recovery after breast cancer treatment was the secretion content of CCL22 [127]. Other
studies have shown a strong association between the CCL22 gene, derived from serum
macrophages, and the risk of glioma development [128]. Another important factor affecting
the postoperative recovery of patients with stage Il/lll gastric cancer is CCL22 [129].
However, its prognostic value and mechanism to promote cervical cancer progression
remains unclear.

1.7 JAK/STAT pathway and cervical cancer

JAK/STAT pathway is mainly consisted with transducing protein of JAKs and STATs.
JAKs, including JAK1 and JAK2, belong to tyrosine protein kinases, which can bind to a
variety of cytokines and activate STAT. STATs is a kind of transcription factor, STAT3 is
more common, STAT3 is a nuclear transcription factor. Among the treatment options for
cervical cancer, the most important treatment direction is the important therapeutic role of
the JAK/STAT pathway, which involves the important role of STAT3 and STAT5 in tumor
proliferation, cycle and spread. In cervical cancer cells, the JAK/STAT signaling pathway
activated by Bcl-2 signaling promotes the growth activity of tumor cells, the spread of tumor
cells, and the adverse effects on other cells [130]. There is an important association
between overexpression of the STAT-3 gene in cervical cancer and HPV infection [131].
After cervical cancer treatment is completed, the expression of STAT-3 is considered the
worst effect of prognosis [132]. The most important factor affecting the severity of cervical
cancer is the increased content of the STAT5 protein [133]. In addition, comparison with
normal control groups reveals that THE EXPRESSION OF STAT-3 is affected by
over expression of STAT-5 [131]. Therefore, it can be concluded that the signaling
pathway that plays a key role in the occurrence of cervical cancer is the signaling of JAK-
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STAT [134]. In addition, the increase in the value of cervical cancer cells can be effectively
controlled by the upregulation of par2 (F2RL1) gene content, which is consistent with the
current research results, that is, the overexpression of the F2RL1 gene is involved in the
process of JAK-STAT signaling.

1.8 Aims

The current doctoral thesis aims to investigate the association between tumor
immunomicroenvironment and postoperative recovery in patients with cervical cancer.
Specifically, manuscript 1 aims to create a risk assessment model that includes the
detection of 10 genes to predict overall the patient's probability of survival who suffer from
squamous cell carcinoma of the cervix (SCC). Meanwhile, immune-related genes that are
closely related to survival are screened out, which provide potential therapeutic targets.
Manuscript 2 focus on an immune-related gene CCL22 to study the prognostic role of
CCL22 and the mechanism behind it in cervical cancer.
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2. Summary

In conclusion, the current doctoral thesis highlights the prognostic significance of the
immune-related genes in cervical cancer. In manuscript 1, by the method of bioinformatics,
a risk score model consisting of 10 immune-related genes was constructed, which could
predict prognosis moderately and steadily in squamous cell cervical cancer (SCC) patients
with FIGO stage I, regardless of the age and grade. Meanwhile, 22 immune-related genes
associated with the survival of cervical cancer were identified which provided potential
therapeutic targets. Moreover, JAK-STAT pathway was the hot pathway of the 22 immune-
related genes. However, the results of high-through method are inaccurate. More
experiments need to be performed. In manuscript 2, CCL22 positive infiltrating cells were
associated with overall survival rate of cervical cancer patients. The number of infiltrating
CCL22+ cells was positively correlated with that of infiltrating FOXP3+ T-reg cells. CCL22
was secreted by M2 macrophages. However, the mechanism of CCL22 in promoting
cervical cancer still need to be studied further.
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3. Zusammenfassung

In der vorliegenden Dissertation wird die prognostische Bedeutung der
immunbezogenen Gene bei Gebarmutterhalskrebs erlautert. In Manuskript 1 wurde durch
die Methode der Bioinformatik ein Risikoscore-Modell aus 10 immunbezogenen Genen
konstruiert, das die Prognose von Patientinnen mit Plattenepithelkarzinom des
Gebarmutterhalses (SCC)im FIGO-Stadium | unabhangig von Alter und Grad vorhersagen
kann. Inzwischen wurden 22 immunbezogene Gene identifiziert, welche mit dem
Uberleben von Gebarmutterhalskrebs in Verbindung stehen und potenzielle
therapeutische Ziele darstellen. Dartber hinaus war der JAK-STAT-Signalweg der
wichtigste der 22 immunbezogenen Gene. Die Ergebnisse der High-Through-Methode
sind jedoch ungenau, so dass weitere Versuche durchgefiihrt werden missen. In
Manuskript 2 wurden CCL22-positive infiltrierende Zellen mit der Gesamtiiberlebensrate
von Patientinnen mit Zervixkarziom in Verbindung gebracht. Die Anzahl der infiltrierenden
CCL22+-Zellen korrelierte positiv mit der Anzahl der infiltrierenden FOXP3+-T-Zellen.
CCL22 wurde von M2-Makrophagen sezerniert. Der genaue Mechanismus von CCL22 bei
der Forderung von Gebarmutterhalskrebs muss jedoch noch weiter untersucht werden.
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Abstract: Cervical cancer is primarily caused by the infection of high-risk human papillomavirus
(hrHPV). Moreover, tumor immune microenvironment plays a significant role in the tumorigenesis
of cervical cancer. Therefore, it is necessary to comprehensively identify predictive biomarkers from
immunogenomics associated with cervical cancer prognosis. The Cancer Genome Atlas (TCGA)
public database has stored abundant sequencing or microarray data, and clinical data, offering a
feasible and reliable approach for this study. In the present study, gene profile and clinical data were
downloaded from TCGA, and the Immunology Database and Analysis Portal (ImmPort) database.
Wilcoxon-test was used to compare the difference in gene expression. Univariate analysis was
adopted to identify immune-related genes (IRGs) and transcription factors (TFs) correlated with
survival. A prognostic prediction model was established by multivariate cox analysis, The regulatory
network was constructed and visualized by correlation analysis and Cytoscape, respectively. Gene
functional enrichment analysis was performed by Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG). A total of 204 differentially expressed IRGs were identified, and 22 of
them were significantly associated with the survival of cervical cancer. These 22 IRGs were actively
involved in the JAK-STAT pathway. A prognostic model based on 10 IRGs (APOD, TFRC, GRN, CSK,
HDACI, NFATC4, BMP6, ILI7RD, IL3RA, and LEPR) performed moderately and steadily in squamous
cell carcinoma (SCC) patients with FIGO stage I, regardless of the age and grade. Taken together,
a risk score model consisting of 10 novel genes capable of predicting survival in SCC patients was
identified. Moreover, the regulatory network of IRGs associated with survival (SIRGs) and their TFs
provided potential molecular targets.

Keywords: cervical cancer; tumor immune; bioinformatics analysis; TCGA; KEGG

1. Introduction

Cervical cancer is primarily caused by the infection of high-risk human papillomavirus
(hrHPV), and it ranks the fourth most common cancer in females globally [1]. There are
approximately 527,000 new cases of cervical cancer and 265,000 related deaths annually [2].
Among all pathological types of cervical cancer, squamous cell carcinoma (SCC) and
adenocarcinoma account for 80-85% and 15-20%, respectively [3]. Presently, although
the development of surgery, radiation therapy, and chemotherapy, the rates of recurrence
and metastasis in patients with late-stage cervical cancer are still up to 40.3% and 31%,
respectively [4]. The prognosis of patients with metastatic cervical cancer remains poor,

Int. |. Mol. Sci. 2021, 22, 2442. https:/ /doi.org/10.3390/ijms22052442
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with a median survival of 8-13 months [5]. Therefore, it is urgently necessary to identify
effective predictive biomarkers and molecular mechanisms involved in the prognosis of
cervical cancer, which may help find better predictive and therapeutic targets.

Increasing attention has been paid to research on immunotherapy for cervical cancer.
Zhou ] et al. have shown that IFN«-expressing amniotic fluid-derived mesenchymal stem
cells can suppress Hela cell-derived tumors in a mouse model [6]. An HPV vaccine con-
taining some HPV16 E7 peptides presents an anti-tumor effect in tumor-free mice [7]. Jung
KH et al. have enhanced the efficacy of T cells by optimizing the maturation and function
of dendritic cells with lipopolysaccharide (LPS) and interferon (IFN)y, adding interleukin
(IL)-21 during priming, and depleting memory T cells, and the reliable expansion of T
cells specific for oncoproteins E6 and E7 has been achieved [8]. Currently, the treatment
for immune checkpoints, such as cytotoxic T lymphocyte 4 (CTLA-4), programmed death
protein 1 (PD-1), and its ligand (PD-L1), has shown initial success against cervical can-
cer [9]. Since the great potential in immunotherapy, more molecular mechanisms need to
be explored to improve the immunotherapy. Transcriptome profiling, as a high-throughput
research approach, has been applied to many cancer studies. For example, i n non-small
cell lung cancer and thyroid cancer, the prognostic value of immune-related genes (IRGs)
has been analyzed with the data acquired from sequencing [10,11]. However, the clini-
copathological correlation and prognostic significance of IRGs in cervical cancer remain
largely undetermined.

In the present study, we identified 204 differentially expressed IRGs between cervical
tumor and para-tumor tissues, and an individualized prognostic prediction model based
on risk scores was constructed for patients with early-stage SCC. Functional enrichment
analysis showed that the IRGs associated with survival (SIRGs) were mainly involved
in the receptor-ligand activity and JAK-STAT signaling pathway. The receiver operating
characteristic (ROC) curve and risk curve verified the moderate efficacy of the predictive
model. The area under the curve (AUC) was 0.738. The overall survival (OS) in the high-
risk group was significantly lower, compared with the low-risk group (p = 2.702 x 10°).
Moreover, Kaplan-Meier analysis showed that the model worked steadily, regardless
of age and grade. The risk curve showed that the higher the risk score, the more the
deaths, and the shorter the OS. Besides, according to univariate and multivariate cox
regression analyses, the risk score could be an independent risk factor (HR = 3.170, 95% CI
[1.701-5.910], p = 0.0001) adjusted by age, grade, stage, and histological type. Interactive
transcription factors (TFs) for IRGs associated with survival were also explored. These
results could offer not only a promising prediction model for cervical cancer prognosis but
also molecular targets to study the immunity mechanism for cervical cancer progression.

2. Results
2.1. Identification of Differentially Expressed Genes (DEGs)

A total of 2240 DEGs, including 1412 down-regulated and 1928 up-regulated ones
(Supplementary Materials Figure Sla and Figure 1a), were identified by comparing the
gene expression data between three para-tumor tissue specimens and 286 primary cervical
tumor tissue specimens. By comparing the IRGs obtained from the Inmunology Database
and Analysis Portal (ImmPort) database [12] with the DEGs, 204 IRGs overlapped with
DEGs were selected, including 115 down-regulated, and 89 up-regulated ones (Figure S1b
and Figure 1b). Gene Ontology (Go) analysis revealed that these differentially expressed
IRGs were significantly associated with tumor-related biological processes. Moreover,
“epithelial cell proliferation”, “receptor complex” and “growth factor binding” were the
most frequent biological terms in biological processes, cellular components, and molecular
functions, respectively (Table 1). Cytokine-cytokine receptor interaction was the most
frequently identified function of potential pathways by Kyoto Encyclopedia of Genes and
Genomes (KEGG) (Figure 1c).
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Figure 1. DEGs. (a) Volcano plot of DEGs between primary cervical cancer and para-tumor tissues. (b) Volcano plot of
differentially expressed IRGs. Green dots, down—regulated genes; red dots, up-regulated genes, black dots, no DEGs.
(¢) The results of KEGG analysis. IRGs, Immune—related genes.

Table 1. GO analysis.

D Description p-Adjust Count
GO:0050673 epithelial cell proliferation 178 x 1071 36
GO:0050678 regulation of epithelial cell proliferation 178 x 10°18 34
GO:0050679 positive regulation of epithelial cell proliferation 234 x 10716 25
GO:0018108 peptidyl-tyrosine phosphorylation 152 x 10715 30
GO:0018212 peptidyl-tyrosine modification 1.55 x 1071% 30
GO:0032103 positive regulation of response to external stimulus 798 x 1071 27
GO-0001667 boidal-type cell migrati 122 %101 31
GO:0010631 epithelial cell migration 126 x10° 13 28
GO:0090132 epithelium migration 139 x 10712 28
GO:0090130 tissue migration 193 x 10712 28
GO:0060326 cell chemotaxis 254 x 10712 23
GO:0010632 regulation of epithelial cell migration 651 x 10712 24
GO:0043410 positive regulation of MAPK cascade 999 x 10712 30
GO:0050900 leukocyte migration 107 x 10-1 29
GO:0043235 receptor complex 108 x 10°1! 23
GO:0009897 external side of plasma membrane 319 x 1077 15
GO:0060205 cytoplasmic vesicle lumen 1.02x 107 18
GO:0031983 vesicle lumen 1.02x10°° 18
GO:0034774 secretory granule lumen 217 x 107° 17
GO:0031012 extracellular matrix 389 x 106 20
GO:0062023 collagen-containing extracellular matrix 687 x 10°° 18
GO:0098552 side of membrane 349 x 1073 16
GO:0022624 proteasome accessory complex 942 x 1073 5
GO:0005912 adherens junction 0.00042719 17
GO:0045121 membrane raft 0.000466985 13
GO:0098857 membrane microdomain 0.000466985 13
GO:0098589 membrane region 0.000619958 13
GO:0031093 platelet alpha granule lumen 0.001187147 6
GO:0005925 focal adhesi 0.001187147 14
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Table 1. Cont.

1D Description p-Adjust Count
GO:0019838 growth factor binding 490 x 1071 2
GO:0048018 receptor ligand activity 361 x 1077 33
GO:0030545 receptor regulator activity 193 x 1016 33
GO:0019199 transmembrane receptor protein kinase activity 14 x 1075 16
GO:0008083 growth factor activity 221 x10°M 20
GO:0005126 cytokine receptor binding 190 x 1071 20
GO:0019955 cytokine binding 2.16 x 1071 15
GO:0005178 integrin binding 119 x 10-1 15
GO:0004713 protein tyrosine kinase activity 239 x 1071 15
GO:0042562 hormone binding 239 x 1071 13
GO:0050431 transforming growth factor beta binding 142 x 10~ 8
GO:0005539 glycosaminoglycan binding 349 x 1077 17
GO:0004714 transmembrane receptor protein tyrosine kinase activity 441 x107° 10
GO:0005125 cytokine activity 6.15 x 10°° 15
GO:0003707 steroid hormone receptor activity 1.06 x 108 10

Note: Green bar, biological process. Blue bar, cellular components. Pink bar, molecular function

2.2. Identification of Differentially Expressed SIRGs

Since survival time and status are important for the prognostic evaluation, it seems to
be feasible to evaluate the prognosis of patients based on the expressions of genes associated
with survival. First, we identified 22 differentially expressed SIRGs among 212 cervical
cancer cases with complete OS data. GO analysis revealed that tumor-related biological
process was the most frequently implicated term (Table 2). JAK-STAT signaling pathway
was the most frequently identified pathway analyzed by KEGG (Figure 2a). A forest plot
of hazard ratios indicated that 10 genes were significant protective factors, and 12 genes
were significant adverse factors (Figure 2b). Protein-protein interaction (PPI) network
analysis demonstrated that TYK2, CSK, PTPN6, and IL3RA were the hub genes, which
were screened out based on the criteria of correlation coefficient 0.3 and the number of
interactive genes no less than 3 (Figure 2¢). These hub genes were actively involved in the
JAK-STAT signaling pathway (Figure 2d).

Table 2. GO analysis.

D Description p Adjust Count
GO:0018108 peptidyl-tyrosine phosphorylation 923 x 10~° 7
GO:0018212 peptidyl-tyrosine modification 923 x 1075 7
GO:0050679 positive regulation of epithelial cell proliferation 0.001681 5
GO:0050673 epithelial cell proliferation 0.002676 6
GO:0050730 regulation of peptidyl-tyrosine phosphorylation 0.002676 5
GO:0050769 positive regulation of genesi 0.002676 6
GO:0042063 gliogenesis 0.002676 5
GO:0002833 positive regulation of response to biotic stimulus 0.002676 3
GO:0046850 regulation of bone remodeling 0.002676 3
GO:0001818 negative regulation of cytokine production 0.002676 5
GO:0030665 clathrin-coated vesicle membrane 0.01508 3
GO:0043235 receptor complex 0.01508 4
GO:0030662 coated vesicle membrane 0.0269 3
GO:0030136 clathrin-coated vesicle 0.0269 3
GO:0016323 basolateral plasma membrane 0.028616 3
GO:0008083 growth factor activity 732 x 1075 5
GO:0048018 receptor ligand activity 0.000263 6
GO:0030545 receptor regulator activity 0.000263 6
GO:0004713 protein tyrosine kinase activity 0.010353 3
GO:0005154 epidermal growth factor receptor binding 0.012091 2
GO:0004715 non-membrane spanning protein tyrosine kinase activity 0.016435 2

Note: Green bar, biological process. Blue bar, cellular components. Pink bar, molecular function.
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Figure 2. Identification of SIRGs. (a) The most significant KEGG pathways for SIRGs. (b) A forest plot of hazard ratios. The
left is the list of SIRGs and their prognostic values showing as name, p-value, and the hazard ratio (95% CI), and the right is
the relevant forest plot; Green bar, protective factor; red bar, adverse factor. (¢) PPI network. The left is the PPI network,
and the right is the number of interactive genes for each gene. (d) The most significant KEGG pathways for the hub SIRGs.
SIRGs, immune-related genes associated with survival.
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2.3. Construction of the Prognostic Model

A total of 10 IIRGs were screened out from the 22 SIRGs using the multivariate COX
analysis, which were independent factors for the survival status and time of 212 cervi-
cal cancer cases. Table 3 shows their correlation coefficients. A prognostic model was
established as follows:

Table 3. The IRGs involved in the predictive model.

Gene Coef ! HR? HR.95L HR.95H p-Value
APOD —0.06584 0936277 0.847164 1.034765 0.196953
TFRC 0.004018 1.004026 0.999878 1.008191 0.057172
GRN 0.00648 1.006501 1.003542 1.009469 161E-05
CSK ~0.04999 0951235 0.91998 0.983551 0.003357
HDAC1 ~0.01997 0.980231 0.963732 0.997013 0.021143
NFATC4 0.129489 1.138247 1.011662 1.280671 0.03134
BMP6 0.055054 1.056598 0.992466 1124874 0.084843
IL17RD 0.124096 1132124 0971935 1318714 0.110877
IL3RA —0.22745 0.79656 0.688675 0921347 0.00219
LEPR 0.520483 1.68284 1.112013 2546688 0.013808

1 Coef: coefficient; 2 HR: hazard ratio.

Risk score = [Expression level of APOD x (—0.06584)] + [Expression level of
TFRC x 0.004018] + [Expression level of GRN x 0.00648)] + [Expression level of
CSK x (—0.04999)] + [Expression level of HDAC1 x (-0.01997)] + [Expression level of
NFATC4 x 0.129489 + [Expression level of BMP6 x 0.055054] + [Expression level of
IL17RD x 0.124096]+ [Expression level of IL3RA x (—0.22745)] + [Expression level of
LEPR x 0.520483].

2.4. Efficacy Verification of the Prognostic Model

To verify the efficacy of the prognostic model, we performed a Kaplan-Meier survival
analysis for the 212 cases. The OS rate of the high-risk group was significantly lower
compared with the low-risk group (p < 0.001). The result showed that the prognostic model
could distinguish different clinical outcomes from cervical cancer patients (Figure 3a).
Besides, we also performed an ROC analysis (Figure 3b). The AUC was 0.738, suggesting
moderate accuracy for the prognosis in cervical cancer. Moreover, the model still worked
in subgroup analyses of age (Figure S2a) and grade (Figure S2b), while it could only
work in subgroup analyses of SCC (Figure S2c) and FIGO I stage (Figure S2d) subgroups,
suggesting that the model was steady in patients with early-stage SCC, regardless of age or
grade. The risk curve showed that patients could be divided into the high-risk group and
low-risk group according to the median risk score, and the survival time of the high-risk
group was lower compared with the low-risk group. Moreover, the number of death was
greater in the high-risk group compared with the low-risk group (Figure 3c,d). The DEGs
involved in the prognostic model were shown in the heat map, which was consistent with
the trend shown by the correlation coefficients (Figure 3e, Table 3).

Univariate analysis and multivariate analysis indicated that the risk score could
be an independent predictor (HR = 3.170, 95% CI [1.701-5.910], p = 0.001) after other
clinicopathological characteristics, such as age, grade, and Figo stage, were adjusted
(Table 4).

Therefore, the predictive model could be a reliable and steady method to judge the
clinical outcomes for SCC patients with FIGO I stage. For example, the 5-year survival rate
of the low-risk group and high-risk group were about 80% and 55%, respectively.
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Figure 3. Verification of the efficacy of the prognostic model. (a) Kaplan-Meier plots demonstrated that the prognostic
model could distinguish different clinical outcomes from cervical cancer patients (p < 0.05). Blue represents the low-risk
group; red represents the high-risk group. (b) The ROC for verifying the accuracy of the predictive model and AUC for
the risk score model displayed moderately accuracy in the cancer Genome Atlas (TCGA) dataset. (c) Value of risk score in
cervical cancer patients. Both the horizontal axis and the vertical axis represent risk score. From left to right, the risk score is
increasing; red dot represents the high- risk case; green dot represents the low-risk case; (d) survival status and time in the
two risk groups. From left to right, the risk score is increasing. The vertical axis represents the survival time. (e) Heatmap of
the differentially expressed SIRGs involved in the prognostic model. From left to right, the risk score is increasing. Blue
represents a high-risk case. Red represents a low-risk case.
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Table 4. Univariate and multivariate cox regression analyses.

Clinicopathological Univariate Analysis Multivariate Analysis
Characteristics HR 95% CI p-Value HR 95% CI p-Value
Age > 45 years 1.048 0.608-1.807 0.865 - - -

Grade 3-4 1.043 0.597-1.822 0.883 - - -
FIGO stage 0.001 * 0.016 *
1 - = = & = 2
=11 0.884 0.473-1.654 0.701 0.742 0.395-1.394 0.353
IVA 5121 1.956-13.408 0.001 * 2778 1.019-7.575 0.046 *
IVB 3139 1.095-9.000 0.033* 2891 1.006-8.306 0.049*
Histological type
(squamous carcinoma vs. 1.513 0.545-4.204 0427 - - -
adenocarcinoma)
High risk 3.369 1.846-6.147 0.001 * 3.170 1.701-5.910 0.001 *
*p <005,

2.5. The Clinical Significance of IIRGs

We analyzed the differences of IIRGs in clinicopathological characteristics, including
age, grade, FIGO stages, of the 212 cases to determine the relationship between the risk
score and clinical parameters. The expressions of IL17RD and TFRC were significantly
higher in the group of patients aged over 45 years (Figure 4a,b). The expression of HDCA1
was significantly lower in the group of grades 3&4 compared with the group of grades 1&2
(Figure 4c).

TFRC (p=9.281x10) ) ILITRO (p = 0.022)

FEA
it

HDAC1 (p = 0.014)

i

Figure 4. The clinical significance of IIRGs. The box plots showed that the expressions of TFRC, IL17RD, and HDAC]1 were
significantly different in subgroups of age and grade. (a,b) Blue represents the group of age < 45years, and red represents
the group of age > 45 years. (c) Blue represents the group of grades 1 and 2, and red represents the group of grades 3 and 4.
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2.6. TFs Regulatory Network

To explore the potential molecular mechanisms of SIRGs, we investigated the TFs
associated with 22 SIRGs. We selected differentially expressed 74 TFs by intersecting the list
of TFs with DEGs (Figure 5a), Among these 74 TFs, five TFs were significantly associated
with survival (Figure 5b). Based on the criteria of correlation coefficient = 0.3, and p = 0.001,
a regulatory network was constructed using these five TFs and SIRGs (Figure 5c¢).
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Figure 5. The construction of a regulatory network between SDETFs and SIRGs. (a) Heatmap of the SDETFs. (b) A forest
plot of hazard ratios. The left is the list of SDETFs and their prognostic values showing as name, p-value, and the hazard
ratio (95% CI), and the right is the relevant forest plot. Green bar, protective factor; red bar, adverse factor. (¢) A regulatory
network between SDETFs and SIRGs. Triangle, TFs; Roundness, SIRGs; Red roundness, the overexpressed SIRGs; Green
roundness, down-expressed SIRGs. Red line, the TFs up-regulate SIRGs; Green line, the TFs down-regulate SIRGs.

3. Discussion

Cervical cancer is caused by the persistent infection of hrHPV [13-15]. Although
surgery, chemoradiotherapy, anti-angiogenic medicine, and even the new immunotherapy
have been applied for cervical cancer treatment, the prognosis remains poor at the late
stage [4,9,16]. Therefore, research on effective prognostic biomarkers and new molecular
mechanisms has drawn increasing attention. Kidd EA et al. have found that the stan-
dardized uptake value for F-18 fluorodeoxyglucose is a sensitive predictive biomarker
for the survival of cervical cancer patients [17]. Luo W et al. have identified a 6-IncRNA
signature, which can be regarded as novel diagnostic biomarkers for cervical cancer [18].
Li X et al. have identified a histone family gene signature for predicting the prognosis
of cervical cancer patients [19]. These studies have provided an elemental knowledge of
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the pathogenesis of cervical cancer at the genetic level. However, the prognostic role of
immunogenomics in cervical cancer remains largely undetermined. In the present study,
we performed a comprehensive analysis of IRGs in cervical cancer, which might enhance
our knowledge of their clinical value and help us understand potential molecular mech-
anisms. Moreover, these IRGs might act as valuable clinical biomarkers or therapeutic
targets. Besides, we constructed a prognostic model that could help assess potential clinical
outcomes of cervical cancer patients.

Tumor immune microenvironment can promote the progression of cervical cancer,
including cancer cell proliferation, invasion, metastasis, inmunosuppression and tissue
remodeling, fibrosis, and angiogenesis. For example, CXCL12 induces mononuclear phago-
cytes to release HB-EGF, triggering anti-apoptotic and proliferative signals in Hela cells [20].
D-dopachrome tautomerase (D-DT), a homolog of macrophage migration inhibitory factor
(MIF), can promote the invasion of cervical cancer cells when it is overexpressed [21].
An altered balance in IL-12p70 and IL-10 production can weaken T cell proliferation in
cervical cancer [22]. These studies suggest the importance of immunity in cervical cancer
progression. Therefore, it is necessary to identify differentially expressed IRGs. Genome
profile alterations cause tumorigenesis. We identified alternations in immunogenomic
profiles to study the effect of alternations on the immune microenvironment and clinical
prognosis. Gene functional enrichment analysis suggested that these genes were mainly
involved in growth factor (GF) activity. GFs actively act in the pathogenesis of cervical
cancer. Notably, these GFs are correlated to proliferation, aggression, and migration [23-25].
Therefore, these GFs could also be used to monitor metastasis, assess survival, and identify
potential drug targets as clinical biomarkers.

Among the 20 SIRGs, no related reports have explored the roles of DUOX1, GRN,
CSK, CD79, NFATC4, EPGN, TGFA, IL17RD, LEPR, N2RF1, and TRAV26-1 in cervical
cancer. APOD is down-regulated in cervical cancer compared with normal cervix [26].
TFRC expression is up-regulated in cervical cancer compared with normal cervix [27]. A
previous study has found that there is a significant correlation between cervical cancer and
the polymorphism of rs1041981 in the LTA gene [25]. The rare allele (A) of SNP rs2239704
in the 5’ UTR of the LTA gene is significantly associated with increased risks of cervical
cancer [29]. F2RL1 is overexpressed in cervical cancer cell lines and significantly correlated
with poor OS [30,31]. HGF overexpression in lesions of cervical cancer has been reported
to be related to a poor prognosis [32]. HDAC1/DNMT3A-containing complex is associated
with the suppression of cancer stem cells in cervical cancer [33]. HGF can induce migration
and invasion of cervical cancer cells [34].] BMP6 may participate in invasion and metastasis
in cervical cancer [35]. The proportion of CD123(+) dendritic cells is significantly lower
in the peripheral blood of cervical cancer patients compared with the controls [36]. A
higher frequency of Nrp1(+) T-regs frequency suppresses the immune response against
distant cervical cancer cells [37]. The above-mentioned results are consistent with our
current findings. However, Tyk2 is confirmed to be overexpressed in SCC [38], which is
different from our study. Low-throughput experiments, such as Western blotting analysis,
are required to verify the factual expression. PTPNG6 is positively correlated with HPV
infection in cervical cancer with the explanation of cell defense reaction [39].

To explore molecular mechanisms underlying the potential clinical importance, we
constructed a TF-mediated network that could regulate hub IRGs. Among the SDETFs,
Foxp3 is significantly associated with FIGO stage and tumor size [40]. Foxp3 is associated
with lymphangiogenesis of cervical cancer [41]. FoxP3 has been confirmed to be highly
expressed in cervical cancer, and it facilitates the proliferation and invasiveness and inhibits
the apoptosis of cervical cancer cells [42]. In conclusion, Foxp3 is a risk factor for the
survival of cervical cancer, which is consistent with our current findings. CBX7 inhibits the
proliferation of cervical cancer cells [43]. LTA inhibits the proliferation of CD4(+) T-cells in
a FoxP3(+) Treg-dependent manner in patients with chronic hepatitis C, suggesting that
LTA acts on FoxP3 [44]. Therefore, previous studies provide limited information about the
mechanisms of 10 IRGs in the survival of cervical cancer.
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The effects of the JAK/STAT pathway and the persistent activation of STAT3 and
STATS during the process of tumor cell proliferation, cycling, and invasion have made it a
favorite treatment target. In cervical cancer, the activated JAK/STAT signaling pathway by
Bel-2 promotes cell viability, migration, and invasion [45]. There is a strong association be-
tween HPV infection and STAT-3 overexpression in cervical cancer [46]. The expression of
STAT3 has been proposed as a poor prognostic factor in cervical cancer [47]. STAT5 protein
is up-regulated and associated with the severity of cervical cancer [48]. Moreover, overex-
pression of STAT-5 elevates the STAT-3 expression compared with the normal controls [46].
Therefore, JAK/STAT signaling may play an important role in cervical carcinogenesis.
Moreover, up-regulation of PAR2 (F2RL1) induces the proliferation of cervical cancer cells
by activating STAT3 [31], which is consistent with our current results that overexpression
of F2RL1 was involved in the JAK/STAT signaling pathway.

In the present study, we created an immune-based prognostic signature to monitor
the immune status and assess the prognosis for cervical cancer patients. Previously, Wu
HY et al. (2020) have constructed a prognostic index based on percent-splice-in values in
SCC [49]. Eun Jung Kwon et al. (2020) have explored genomic alterations and developed a
risk index model that can monitor HPV- related bladder cancer [50]. Cai LY has created
a risk score model based on differentially expressed glycolysis-related genes, and the
model can predict the prognosis of cervical cancer patients [51]. Recently, Zhao S et al.
(2020) have constructed a 4-gene prognostic risk score model in CESC by identifying
DEGs [52]. Beyond the above-mentioned studies, there are also many studies about the
prognostic model [53,54]. Compared with the previous studies, our prognostic model could
assecss immune-genomic profiles. Moreover, we constructed a TF-mediated regulatory
network, which provided a more detailed mechanism of IIRGs. Our prognostic index,
based on 10 differentially expressed IIRGs in cervical cancer, demonstrated favorable
clinical viability. Our data showed that the risk score model performed moderately and
steadily in prognostic predictions in patients with early-stage cervical cancer.

We must point out that only three control specimens were acquired in the present
study. Although it met the minimum requirements for the biological repeat, insufficient
control samples tended to cause larger errors. Therefore, more other experiments are still
necessary to validate the transcriptome results.

4. Materials and Methods
4.1. Gene Expression Data and Clinical Data Collection

FPKM transcriptome RNA-sequencing data and clinical data of cervical samples were
downloaded from TCGA data portal (https://portal.gdc.cancer.gov/) on 1 December 2020.
FPKM transcriptome RNA-sequencing data were derived from 289 samples, including
three para-tumor tissue specimens (Table 5) and 286 primary cervical tumor tissues. As
to para-tumor slides, the percentage of tumor cells, lymphocytes, necrosis, infiltrated
monocytes, infiltrated neutrophil was 0, and the percentage of normal cells was 100%.
The percentage of stroma cells of TCGA-FU-A3EO was 0, while that of the other two
para-tumor tissue specimens was missing. As to tumor slides, the percentage of tumor
cells was 80% (70%, 90%), the percentage of infiltrated lymphocytes was 7.5% (2%, 40%),
the percentage of infiltrated monocytes was 0% (0%, 10%), the percentage of necrosis was
2% (0, 5%), the percentage of infiltrated neutrophil was 1% (0%, 20%), and the percentage
of normal cells was 0% (0%, 5%). The para-tumor slides were collected from Christiana
Healthcare, International Genomics Consortium, and Montefiore Medical Center, respec-
tively. The samples were obtained from 253 patients with SCC and 31 patients with cervical
adenocarcinoma. As to the clinical data, there were 212 cases with clinical data includ-
ing age, grade, FIGO stage, survival status, and OS no less than 90 days. The clinical
characteristics of the 212 cases were shown in Table 6.
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Table 5. The clinical data of three para-tumor samples.
Serial Number Age pathological Pattern ~ Survival Time  Survival State Grade TNM FIGO
TCGA-HM-A3]) 45 Squamous cancer 659 days dead G3 TIBINIMO 1B1
TCGA-FU-A3EO 55 Adenocarcinoma 490 days alive G2 T2bINOMO 1B
TCGA-MY-A5BF 68 Squamous cancer 634 days alive - T2a2NOMO  TIA2
Table 6. The characteristic of 212 clinical samples.
Characteristics Number of Cases (%)
Histological type
Adenocarcinoma 22(104)
Squamous cancer 190 (89.6)
Age (year)
<45 100 (47.2)
>45 112 (52.8)
Grade
1-2 122 (57.5)
3-4 90 (42.5)
T stage
| 116 (54.7)
-1 82(38.7)
IVa 5(24)
Vb 9(4.2)
Survival status
Alive 159 (75.0%)
dead 53 (25.0%)
Duration of disease (year)
<5 176 (83.0)
>5 36 (17.0)

The list of IRGs was downloaded from the ImmPort database, which is a powerful
public database with hundreds of downloads per month [12].

4.2. Analysis of DEGs

To identify the DEGs between three para-tumor and 289 cervical tumor tissue speci-
mens, an R language script was made, and a limma package (http:/ /www.bioconductor.
org/packages/release/bioc/html/limma.html) on 2 January 2020 was downloaded and
performed by the R software. The mean value of each gene expressed in para-tumor
samples and cervical tumor samples was calculated by the script, and repeated genes
were deleted by limma package. Wilcoxon-test was applied to compare the difference in
expression. The false discovery rate (FDR) <0.05 and log2 |fold change | > 1 were set as
the cutoff values to identify the DEGs. Differentially expressed IRGs were extracted by
intersecting the results of DEGs and the list of IRGs by using the R language. The DEGs
were presented using the pheatmap package and volcano plot script by R software.

The DEGs and differentially expressed IRGs were then subjected to clusterProfiler
package in R for GO and KEGG pathway enrichment analysis to determine their potential
functions and pathways.

4.3. Screening of Differentially Expressed SIRGs

IRGs significantly associated with survival of 212 tumor cases were identified from all
the differentially expressed IRGs through univariate cox analysis (p < 0.05). These IRGs
were defined as SIRGs. Forest map script was performed by R software.

The SIRGs were then subjected to cluster-Profiler package for GO and KEGG pathway
enrichment analysis to determine their potential functions and pathways [13].
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4.4. Construction of the Prognostic Model

R language script was made to perform multivariate cox analysis of SIRGs acquired
by univariate cox analysis. Those IRGs in the model were defined as IIRGs. The risk score,
as the indicator of the prognostic model, was calculated as the sum of the product of each
IIRG expression and its regression coefficient. According to the median risk score of 1.276,
all the 212 cases were divided into the high-risk group and low-risk group.

4.5. Construction of the Regulatory Network of SIRGs and Their TFs

The list of TFs related to cancer was downloaded from the Cistrome database
(http:/ /cistrome.org/) on 3 January 2020. This public database has collected the set of
cis-acting targets of a trans-acting factor on a genome-wide scale. The TFs were intersected
with DEGs, and the differentially expressed TFs (DETFs) were obtained by R language.
Moreover, univariate cox analysis was carried out to identify DETFs significantly associated
with survival (SDETFs).

Spearman correlation analysis between SDETFs and SIRGs in tumor tissues from
the same samples was performed by R software. The correlation coefficient >0.3 and
p < 0.001 were set as the standard for screening the correlated SDETFs (CSDETFs) with
SIRGs. Therefore, the CSDETFs were acquired. Cytoscape software version 3.7.1 was
applied to display the regulation relationship between CSDETFs and SIRGs.

4.6. Validaion of the Risk Score Model

Survival analysis was performed between the high-risk group and low-risk group
in terms of age (age < 45, and age > 45), grade (1-2, and grade3-4), cancer type (cervical
adenocarcinoma and SCC), and FIGO stage (I, II-I11, IVa, and IVb) by SPSS. A p value of
less than 0.05 was considered statistically significant.

4.7. Statistical Analysis

The screening analysis of DEGs was performed by the Wilcoxon-test. Correlation
analysis between SDETFs and SIRGs was carried out by Spearman correlation. DEG
expression in each clinicopathological characteristic was tested by theWilcoxon-test. AUC
of the survival ROC curve was calculated by the ROC package in R software. A p value of
less than 0.05 was considered statistically significant [14].

5. Conclusions

Collectively, we adopted the bioinformatic method to comprehensively analyze the
differentially expressed IRGs in cervical cancer and identified 204 tumor-associated IRGs.
Among them, we also identified 22 SIRGs and constructed an individual predictive model
with moderate accuracy and stability for prognostic prediction in SCC patients with FIGO
I. We further explored the KEGG pathway and regulatory network between survival-
associated TFs and SIRGs. However, the exact mechanism underlying how these genes
affected the prognosis of cervical cancer should be verified by more accurate experiments.
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Abstract: The chemokine CCL22 recruits regulatory T (T-reg) cells into tumor tissues and is expressed
in many human tumors. However, the prognostic role of CCL22 in cervical cancer (CC) has not been
determined. This study retrospectively analyzed the clinical significance of the expression of CCL22
and FOXP3 in 230 cervical cancer patients. Inmunohistochemical staining analyses of CCL22 and
FOXP3 were performed with a tissue microarray. Double immunofluorescence staining, cell coculture,
and ELISA were used to determine CCL22 expressing cells and mechanisms. The higher number of
infiltrating CCL22+ cells (CCL22Nsh) group was associated with lymph node metastasis (p = 0.004),
Fédération Internationale de Gynécologie et d'Obstétrique (FIGO) stages (p = 0.010), therapeutic
strategies (p = 0.007), and survival status (p = 0.002). The number of infiltrating CCL22+ cells was
positively correlated with that of infiltrating FOXP3+ cells (r = 0.210, p = 0.001). The CCL22"&h
group had a lower overall survival rate (OS), compared to the CCL22"°% group (p = 0.001). However,
no significant differences in progression free survival (PFS) were noted between the two groups.
CCL22M8N was an independent predictor of shorter OS (HR, 4.985; p = 0.0001). The OS of the
combination group CCL22"ENFOXP3"8h was significantly lower than that of the combination group
CCL22WFOXP3""Y regardless of the FIGO stage and disease subtype. CCL22MENFOXP3MEN was an
independent indictor of shorter OS (HR, 5.284; p = 0.009). The PFS of group CCL22MshFOXP3hieh
was significantly lower than that of group CCL22'°%FOXP3'“V in cervical adenocarcinoma, but
CCL22"ME"EOXP3MEN was not an independent indicator (HR, 3.018; p = 0.068). CCL22 was primarily
expressed in M2-like macrophages in CC and induced by cervical cancer cells. The findings of our
study indicate that cervical cancer patients with elevated CCL22+ infiltrating cells require more
aggressive treatment. Moreover, the results provide a basis for subsequent, comprehensive studies to
advance the design of immunotherapy for cervical cancer.

Keywords: CCL22; FOXP3; cervical cancer; macrophage; T-reg

1. Introduction

Cervical cancer is the second most prevalent tumor in developing countries and the fourth most
common cause of cancer-related deaths among women. Over half a million new cervical cancer
cases, and an estimated 265,700 deaths are reported each year worldwide [1,2]. Several factors

Cancers 2019, 11, 2004; doi:10.3390/cancers11122004 www.mdpi.com/journal/cancers
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including economic conditions, genetic factors, endocrine [3], and immunity play significant role in
the progression of cervical cancer. High-risk human papilloma virus is the primary cause of cervical
cancer (CC) [4]. Immunosuppression states like infection with HIV [5] or taking immunosuppressive
drugs [6] increases susceptibility to HPV infection and which subsequently causes cervical cancer.
The current cervical cancer treatments include surgery, chemotherapy, and radiotherapy, but these
are not effective for the management of advanced local cervical cancer, metastatic and recurrent
tumors [7]. Recently, inmunotherapy, particularly the immune checkpoint inhibitors, has achieved
a great breakthrough. For example, the use of Pembrolizumab, a PD-1 inhibitor, in the later-staged
and recurrent CC was authorized [8]. However, not all CC patients are sensitive to Pembrolizumab.
Additional immune-related molecules should, therefore, be identified to explain the pathogenesis and
improve the treatment of cervical cancer.

The role and mechanism of immune cells in the development of cervical cancer has not been
adequately studied. Previous studies showed that the number of FOXP3+ regulatory T-cells that could
suppress the innate and adaptive immunity systems [9,10] was higher in cervical cancer compared to
other types of tumors [11] and suppressed immune responses [12]. On the one hand, it was reported
that cervical cancer cells could secrete indoleamine 2,3-dioxygenase (IDO) to recruit FOXP3+ regulatory
T-cells [12]. On the other hand, cervical cancer cells can secrete a series of molecules such as PEG2, IL-6,
CCL2, and IL-10 that differentiate and activate M2-like macrophages [13-16]. M2-like macrophages
have been widely accepted to play a role in the poor prognostic effect in CC [17]. M2-like macrophages
promoted the CC cell proliferation by the GM-CSF/HB-EGF paracrine loop [18]. The number of
M2-like macrophages was related to invasion patterns [19] and lymph node metastasis [20]. M2-like
macrophages participate in immune suppression in cancer [21], yet, its underlying mechanism in
CC has not been sufficiently elucidated. Previous studies on cervical cancer indicated that M2-like
macrophages could decrease the presence of HPV16 E7 specific CD8+ T cells by diminishing HLA-DR
expression and increasing the expression of either IL-10 or CSF1R [22-24]. Activated macrophages
may inhibit the number of CD4+ T cells by producing neopterin [25]. M2-like macrophages could
decrease the percentage of HPV specific regulatory T cells by blocking IL-10 signaling [26]. However,
the association of CCL22 from cervical cancer cells or macrophages and regulatory T cells is still elusive.

The C-C motif chemokine ligand 22 (CCL22) gene is a secreted protein that exerts
chemotactic activity for monocytes, dendritic cells, natural killer cells, and for chronically activated
T lymphocytes [27-30]. Accumulating studies indicate that CCL22 plays a tumor-promoting role in
human cancer. In ovarian cancer, for instance, CCL22 was found to induce regulatory T (T-reg) cells
into tumor mass and inhibit T cell immunity [31]. High expression of CCL22 in M2 macrophages
confers resistance to 5-fluorouracil in colorectal cancer [32]. A previous study showed that the CCL22
mRNA expression level was higher in CC tissue than in a normal cervix [33). However, the function of
CCL22 in cervical cancer remains unknown.

The present study determined the functional role of CCL22 in infiltrating macrophages in cervical
cancer. The expression level of CCL22 and the FOXP3+ regulatory T-cell marker was measured using a
tissue microarray (TMA) with immunohistochemical staining. We further evaluated the correlation
between clinical characteristics and CCL22 and FOXP3 expression. The findings of our study indicated
that the number of CCL22+ cells was positively correlated with that of FOXP3+ cells (r = 0.210,
p = 0.001). Moreover, group CCL22"8" had a significantly lower overall survival rate (OS), compared
to the CCL22'°% group (p = 0.001). There was, however, no significant difference in progression free
survival (PES). The OS of the combination group CCL22MENEOXP3"E was significantly lower than that
of group CCL221"FOXP3"* regardless of the FIGO stage and disease subtype (p < 0.05). The PFS of
group CCL22MENEOXP3MEN was significantly lower than that of group CCL22'°W FOXP3'" in cervical
adenocarcinoma (p < 0.05). A double immunofluorescence staining indicated that M2-like macrophages
primarily secreted CCL22. These results suggest that CCL22 secreted by M2 macrophages could recruit
T-reg cells in cervical cancer and reduce the patient survival rate.
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2. Results

2.1. CCL22 Was Overexpressed in Cervical Squamous Cell Carcinoma and Endocervical Adenocarcinoma (CESC)

The GEPIA database was used to identify the expression profile of CCL22
(http//gepia.cancer-pku.cn/) [34]. Transcript expression analysis for CCL22 was carried out in a

total of 319 samples including 13 normal and 306 CESC tissues across TCGA normal and GTEx data.

Next, using the ANOVA method, 1 as the Log2FC cutoff value, 0.01 as the cutoff value of the significance
level, the expression difference of CCL22 in CESC tissue was obtained (Figure 1). The CCL22 mRNA
level in CESC tissue was much higher than that in normal cervical tissues.

TIMER database was also used to identify the correlation between T-regs, TAM2, and CCL22
(httpsy//cistrome.shinyapps.io/timer/) [35]. MRC1 (also named CD206) and FOXP3 represent M2
macrophage and regulatory T-cells, respectively [12,36]. Correlation analysis for MRC1, FOXP3, and
CCL22 was carried out in the CESC dataset from TCGA. The results showed that CCL22 was positively

correlated with MRC1 and FOXP3 (r = 0.329, p = 445 x 107%; r = 0.385, p = 4.31 x 1077, respectively).

MRC1 was positively correlated with FOXP3 (r = 0.43, p = 0.001). The UALCAN database was used to
analyze the survival rate in groups with differently expressed CCL22 in the CESC dataset from TCGA
(http://ualcan.path.uab.edu/index.html) [37]. The result showed that although there was no significant
difference, and the OS of the high CCL22 expression group was lower than that of the low CCL22
expression group in the long run (p = 0.069) (Figure S1).

—%—
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(num(T)=308; num(N)=13)

Figure 1. Transcripts expression level of CCL22 in CESC tissue explored using the GEPIA database.
Red and grey colors denote the expression level in tumor tissue and normal tissue, respectively. CESC,
cervical squamous cell carcinoma and endocervical adenocarcinoma. The asterisk (*) indicate significant
higher CCL22 expression in tumor tissue compared to normal tissue.
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2.2. The Association between the IRS of CCL22 in CC Cells, Infiltrating CCL22+ Cell and FOXP3+ Cell
Counts with Clinical Characteristics

Tissue microarray by immunohistochemistry was performed to test the number of CCL22+ and
FOXP3+ cells in a retrospective cohort of 230 cervical cancer cases, including 187 cases of squamous
carcinoma and 43 cases of adenocarcinoma. As shown in Figures 2 and 3, the immunoreactivity of
CCL22 and FOXP3 protein were detected. The IRS of CCL22 expressed in cervical cancer cells was
evaluated and the number of CCL22+ and FOXP3+ cells was counted. We found that CCL22 expressed
in CC cells was significantly associated with the disease subtypes (p < 0.05). The higher number
of CCL22+ cells was significantly associated with lymph node metastasis (p < 0.05), FIGO stages
(p < 0.05), therapeutic strategies (p < 0.05), and survival status (p < 0.05). The group with lower number
of CCL22 (+) cells had 42.7% (88/206) lymph node metastasis, 55.8% (115/206) FIGO stage I to II,
38.3% (79/206) cases treated by surgery, and 11.2% (23/206) in death. The group with the higher number
(n > 11) of CCL22 (+) cells had 12.5% (3/24) of cancer with lymph node metastasis, 83.3% (20/24) FIGO
stage I to I1, 70.8% (17/24) cases treated by surgery, and 37.5% (9/24) of cancer with death. The higher
number of FOXP3+ was significantly associated with grading (p < 0.05). The number of FOXP3+ cells
was significantly associated with disease subtypes (p < 0.05). The higher number (1 > 29) of FOXP3+
cells was noted in 94.1% (32/34) with squamous carcinoma, while a lower number of FOXP3+ cells was
observed in 79.1% (155/196) with squamous carcinoma (Table 1).

Cancers 2019, 11, 2004 Sof22

Table 1. The association between the number of CCL22+ cells and FOXP3+ cells and clinicopathological characteristics.

Clinicopathological 11 o IRS of CCL22 in CC Cells Quantity of CCL22+ (n%) . Quantity of FOXP3+ (n%)
Characteristics Low (IRS <4)  High (IRS > 4) Small (r <11)  Large (n > 11) Small (n <29)  Large (5 > 29)
All cases 230 134 (58.3%) 96 (41.7%) - 206 (89.6%) 24(104%) - 196 (85.2%) 34(148%) -
Age (year)
<50 132(574%) 50 (39.7%) REI2N oo IaE% 8O0 oo IBE™Y  17E0%)
50 98 (426%)  54(403%) 14 (555%) 92 (847%) 6 (250%) SL@13%)  17(500%)
Tumor Size (cm)
<2 2(0.9%) 2(15%) 0(0%) 2(1.0%) 0(0%) 2(1.0%) 0(0%)
24 120 (52.2%) 75 (56%) 45 (46.9%) 0.080 103 (50.0%) 17 (70.8%) 0.09% 102 (52%) 18 (529%) 0905
> 107 (465%) 57 (42.5%) 51(53.1%) 101 (490%)  7(292%) 92 (36.9%) 16 47.1%)
PN
Winoutlymph 139 (604%)  81(604%) 58 (60.4%) HB(73%)  21(75%) 12(22%  17(500%)
099 0.004° 0178
w“:z‘;mi';"d' 01(396%)  53(39.6%) 38 (39.6%) 88 (427%) 3(125%) 74 (37.8%) 17 (50.0%)
P™M
Withoutmetastasls 219 (95.2%) 127 (948%) 92 (95.8%) 195047%)  24(100%) 157 (954%)  32(941%)
With metastasis 11 (4.8%) 7(652%) 1(42%) 070 T 53%) 0(0%) 015 Ty %) 269%) 072
FIGO
-IA 102(443%)  62(163%) VAT o BEN s @02 e o
B-1v 128 (55.7%) 55 (53.7%) 40 (58.3%) 121 (58.7%) 7(292%) 109 (39.8%) 19 (50.0%)
Grade
1 19 (53%) 10 (7.8%) 9(9.5%) 17 (5.9%) 2(61%) 13 (67%) 1021%)
2 129(56.1%) 72 (56.3%) S8(600%) 0676  112(89%)  17(515%) 0653  13(631%  12(364%) 0243
3 75026%) 46 (359%) 29 (305%) §1021%  13(124%) 9@03%  17(5150%)
NA 7(3.0%)
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Table 1. Cont.
Clinicopathological .\ o IRS of CCL22 in CC Cells Quantity of CCL22+ (n%) Quantity of FOXP3+ (n%)
Characteristics Low (IRS <4)  High (IRS > 4) Small (1 <11)  Large (n> 11) Small (r<29)  Large (n > 29)
Subtype
Squamous - : , : ; ,
hiisrhioy 187 (813%)  95(70.9%) 92 (95.8%) 171 (83.0%) 16 (66.7%) i 155 (79.1%) 32 (94.1%) o
Adenocarcinoma 43 (18.7%) 39 (29.1%) 4(42%) 35 (17.0%) 8 (33.3%) 41(20:9%) 2(5.9%)
Progression
No 175 (76.1%) 99 (75.0%) 76 (80.0%) o377 _ 160(788% 15625%) (oo, 149 (768%) 6788%) o
Yes 52 (22.6%) 33 (25.0%) 19 (20.0%) 43 (21.2%) 9 (37.5%) 45 (232%) 7 (212%)
NA 3(1.3%)
Therapeutic Strategy
Surgery 96 (41.7%) 59 (44.0%) 37 (38.5%) 79 (38.3%) 17 (70.8%) 83 (42.3%) 13 (38.2%)
ch:m:’;::::ﬁpy 6(26%) 3(22%) 331%) 0675 6(29%) 000%  0007°  420%) 2059%) 0494
Chemoradiotherapy 128 (55.7%) 72 (53.7%) 56 (38.3%) 121 (58.7%) 7 (29.2%) 109 (55.6%) 19 (55.9%)
Survival State
Alive 198 (86.1%) 114 (85.1%) 84 (87.5%) o0 183(888%) 15 (62.5%) . 170(86.7%) 28 (82.4%)
Death 32 (13.9%) 20 (14.9%) 12 (12.5%) 23 (11.2%) 9 (37.5%) 26 (133%) 6(17.6%)

NA, not applicable as data not available. * p < 0.05.
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2.3. Higher Number of CCL22+ Cells Predicts Poor Prognosis of Patients with Cervical Cancer

We compared the overall survival rate (OS) and progression free survival (PFS) between group
CCL22"" and group CCL22"5" and the combined groups of CCL22 and FOXP3. The results of this
study revealed that the OS of group CCL22"&" was significantly lower than that of group CCL22'%
(p = 0.001) (Figure 2A, left). The OS of group CCL22Ms"FOXP3'™ was significantly lower than that of
group CCL2219FOXP3"" (p = 0.022), while the OS of group CCL22MERFOXP3M" was significantly
lower than that of group CCL22'"“FOXP3'" (p = 0.003). The OS of group CCL22Msh FOXP3Msh was
significantly lower than that of group CCL22'" FOXP3"s" (p = 0.019) (Figure 2B, left, Table 2). There
was no significant difference in PFS between group CCL22'*" and group CCL22"&" (Figure 2A, right),
but PFS of group CCL22MNENFOXP3"E! was significantly lower than that of group CCL22'°"FOXP3hish
(Figure 2B, right, Table 3).

We further compared the OS and PFS of the four groups in low and high FIGO stages, respectively.
We found that the OS of CCL22M8h"FOXP3'*™ and CCL22"E"FOXP3"ish groups were significantly lower
than those of the CCL22'°FOXP3'* group in FIGO stage I-IIA (p = 0.001, p = 0.013, respectively)
(Figure 2C, left, Table 4). The OS of the CCL22"g"FOXP3"8" group was significantly lower than that
of the CCL22'°"FOXP3"" group in FIGO stage IIB-IV (p = 0.029) (Figure 2C, right, Table 4). However,
there was no significant difference in PFS among different groups in both low and high FIGO stages
(p > 0.05) (Figure 2D, Table 5).

Due to the significant difference in the distribution of FOXP3(+) cells in cervical squamous
carcinoma and adenocarcinoma (Table 1), we further compared the OS and PFS of the four groups
in the two disease types, respectively. We found that the OS of the CCL22ME"FOXP3"E" group was
significantly lower than that of the CCL22"*"FOXP3"8" and CCL22"FOXP3"* groups in cervical
squamous carcinoma (p = 0.023, p = 0.020, respectively) (Figure 2E, left, Table 6). The OS of group
CCL22M8RFOXP3MEh was significantly lower than that of group CCL22'*% FOXP3"" in cervical
adenocarcinoma (p = 0.043) (Figure 2E, right, Table 6). There was no significant difference in PFS in
cervical squamous carcinoma (p > 0.05) (Figure 2F, left, Table 7). The PFS of group CCL22MshFOXP3"sh
was significantly lower than that of group CCL22'“"FOXP3"" in cervical adenocarcinoma (p = 0.041)
(Figure 2F, right, Table 7).

Subsequently, a multivariate analysis was done using the COX proportional hazards model for
variables that were significant in the univariate analysis was performed. For the OS analysis,
we constructed two models with CCL22"% vs. CCL22ME" or with CCL22Y"FOXP3"% vs.
CCL22"shFOXP3"sh, For the PFS, one model with CCL22""FOXP3"" vs. CCL22MshFOXP3hish
was constructed. The results showed that CCL22%8" and CCL22"E"FOXP3"8" were independent
predictors of shorter OS (HR 4.985, p = 0.0001; HR 5.284, p = 0.009; respectively). Although there were
significant differences in PFS between group CCL22"M8PFOXP3"#" and group CCL22°"FOXP3"Y,
CCL22"8"FOXP3MEM was not an independent predictor of PFS (HR, 3.018; p = 0.068) (Table 8).

Table 2. Pairwise comparison of overall survival rate,

CCL22'ow ccL22Msh CCL22'w ccrL22hsh
Group FOXP3'ow FOXP3'o™ FOXP3hish FOXP3high

x2 p-Value x2 p-Value x2 p-Value x p-Value

CcCL22'ow
FOXI’S"""‘
~ 37high
Log Rank %)'(',2331,,,, 5250  002° - - 2466 0116 0469 049
(Mantel-Cox)  CCL22'w
FOXP3high
CCL22high
FOXP3MEh

= = 5.250 0.022* 0.005 0.946 8732 0.003 *

0.005 0.946 2466 0.116 = = 5.486 0.019*

8.732 0.003 * 0.469 0.494 5.486 0.09* - -

*p <005
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Table 3. Pairwise comparison of progression-free survival.
CCL22'™ CCL22Msh CCL22'*% CCL22Msh
Group FOXP3'™ FOXP3'™™ FOXP3Mish FOXP3hish
b p-Value x p-Value x» p-Value @ p-Value
!
i = 0519 0471 049 0484 3320 0068
high
o oaiow 0519 0471 - - 1431 0232 038 0592
tel-C. low
gion) oo 0490 0484 143 02% = > 1069 0044
high
foraogh 330 0068 035 0552 4060 00u° - -
*p <005
Table 4. Pairwise comparison of overall survival rate in different FIGO stages.
P: 8
CCL22lw CCL22hish CCL22'ow CCL22bish
Group FOXP3'*™ FOXP3'™ FOXP3high FOXP3"ish
X2 p-Value X2 p-Value X pValue X2 peValue
low
%xlfjfs'w - 10547 0001* 0263 0608 6107 0013°
high
v Lk CKSXLIZ’ZS'":' 1057 0001* - - a2 0077 0010 0920
a
o
aniel-Cg) %xlrxfshi:'\ 0263 0608 312 007 - - 3000 0083
high
okagh 6107 0013* 0010 090 3000 008 - -
| polow
e - 2575 0109 0013 0911 4761 0029°
high
p—— %}(g,w 2575 0109 = - 08% 0344 0119 0730
M-V Mantel-Cox) CL22i0w
Foxphigh 0013 0911 08% 034 = = 1891 0.169
h
QK():)I‘_::;,:; 4761 0029°* 0119 0730 1891 016 - -
*p <005
Table 5. Pairwise comparison of progression-free survival rate in different FIGO stages.
COL22W™ ccLhish CCL220™ ccL2hish
Group FOXP3'o% FOXP3'o% FOXP3high FOXP3"ish
X2 p-Value X2 p-Value X2 p-Value X2 p-Value
<o
%;(g,w - 1967 0161 0301 0583 1413 0235
5 high
- ‘Kf;‘g,w 197 0161 - - 288 0089 0029 0864
I (Mantel-Cox) CCL22low
FOxpahish 0301 0583 2888 0089 = = 3000 0083
high
2l 1413 0235 0029 084 3000 008 - =
low
i = - 0603 0437 0004 0950 2515 0113
igh
— %xﬁ',:f, 0603 0437 - - 0367 054 0119 0730
Ib-IV
I low
Branet-Con) %‘,ﬁm 0004 0950 0367 054 = = 1160 0282
igh
%n‘ﬁ:;. 2515 0113 0119 0730 1160 0282 - -
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Table 6. Pairwise comparison of overall survival rate in different disease subtypes.
ccLa'™ ccLhish (<o F ccLhish
Group FOXP3'o™ FOXP3'o™ FOXP3high FOXP3high
X pValue X p-Value X2 p-Value XP p-Value
Jow
e = -~ 2133 014 0011 0917 5399 0020
— Log Rank fgx"g:f," 2133 0 - - 137 0239 0208 0648
carcino Mantel-C.
Lo o} %x]% 0011 0917 1387 0239 - - 5139 o0o2*
CCLZ 530 omoc 028 068 519 003 - =
how
o = - 18R 017 136 0243 4093 0043
‘ tiig Mook %ﬁf 182 010 - 0264 0608 1824 0177
AdecEROm |t o) 1 glew
foxpgen 1363 023 0264 0608 - - 0 0317
%m 4003 003 1824 0477 100 0317 - =
“p <005,
Table 7. Pairwise comparison of progression-free survival in different disease subtypes.
ccLaow CCL22Meh cCL2'ew ccLazhish
Group FOXP3'o™ FOXP3'*™ FOXP3high FOXP3high
X2 p-Value X*  p-Value X*  p-Value X2 p-Value
how
Eaade. = -~ 001 0918 0739 03% 1327 0249
E— Log Rask %xug:f o011 0918 - 067 0407 0246 0620
; Man o
sarcinome; [(rienasl-Cox) CF(C);’f;z,'w, 0739 039 0687 0407 - - 3438 0064
igh
CCLZ 137 o9 06 06N 348 004 - -
how
R ™ - 0770 0380 079 0372 4175  0041°
h
e %)1(12:‘: o7m 0380 - - 0264 0608 1824 0177
Adanocwmcioomss o b ro) e
Foxraen 079 0372 0264 008 - - 100 0317
high
O 4175 0041* 184 0177 100 0317 - -
*p <005
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Table 8. Univariate and multivariate Cox regression analysis.

Clinicopathological Univariate Analysis Multivariate Analysis
Variables PES os PES OS (model 1)~ OS (model 2)
Age (50 years vs. >50 years)
HR 1.384 1.804 = - -
95%Cl1 0.804-2.385 0.897-3.629 - - -
» 0241 0.098 - . -
Tumor Size (€4 cm vs. >4 cm)

HR 3.063 4.188 2652 5.564 5487
95%C1 1.710-5.486 1.924-9.112 1.063-6.617 1.538-20.130 1.504-20.011
» 0.001 * 0.001 * 0.037 * 0.009 * 0.010*

PN (Without Lymph Node Metastasis vs. Lymph Lode Metastasis)

HR 1.851 2355 1555 2609 2547
95%C1 1.065-3.218 1.162-4.774 0.756-3.200 1.032-6.596 0.988-6.562
r 0.029* 0.017* 0.231 0.043* 0.053
PM (Without Metastasis vs. Metastasis)

HR 1.710 3308 - - -

95%Cl 0.531-5.508 0.999-10.924 - - -

» 0.369 0.050 - - s
FIGO (I-11a vs. ITb-1V)

HR 2.630 2913 1.088 0584 0.59%
95%Cl 1.439-4.808 1.340-6.332 0.360-3.288 0.134-2.536 0.136-2.633
y 0.002* 0.007 * 0.881 0473 0.498
Grade (I vs. 11-111)

HR 1.672 1.054 = - =
95%C1 0.520-5.375 0.320-3.472 - - -
» 0.388 0.931 - -
Disease Subtype (Sq Carci vs. Ad inoma)

HR 1.901 2882 1918 2824 2830
95%Cl1 1.043-3.466 1.408-5.899 1.038-3.545 1.359-5.869 1.361-5.883
» 0.036* 0.004 * 0.038 * 0,005 * 0.005 ¢

Number of CCL22+ cells (CCL22low vs. CCL22high)
HR - 34 - 4985 -
95%C1 - 1.567-7.419 - 2206-11.266 -
14 = 0.002* - 0.0001 * -
Number of CCL22+FOXP3+ cells (CCL22lowFOXP3low vs. CCL22highFOXP3high)
HR 2.806 5.355 308 - 5284
95%C1 0.864-9.115 1.580-18.154  (.923-9.869 - 1.513-18.456
r 0.086 0.007 * 0.068 - 0.009 *

*p <005
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Figure 2. Kaplan-Meier estimates of overall survival rate and progression-free survival. (A) Overall
survival rate (OS) (left) and progression free survival (PFS) (right) of group CCL22'%" and CCL22Meh.
(B) OS (left) and PFS (right) of the combined groups. (C) OS of the combined groups at different FIGO
stages. (D) PFS of the combined groups at different FIGO stages. (E) OS of the combined groups in
different disease subtypes. (F) PFS of the combined groups in different disease subtypes.

2.4. Correlation Analysis between CCL22+ Expression and FOXP3+ Cells

FoxP3 has been employed as a marker of regulatory T-cells. We postulated that the number of
CCL22+ cells or the CCL22 expression in cervical cancer cells is correlated to the number of FOXP3+
cells in cervical cancer specimens. This hypothesis was tested by determining the expression of CCL22
and FOXP3 proteins by tissue microarray with IHC (Figure 3). A spearman correlation analysis
indicated that both the number of CCL22+ cells and the CCL22 expression in cervical cancer cells were
positively correlated with that of FOXP3+ cells (r = 0.210, p = 0.002; r = 0.144, p = 0.027, respectively)

(Figure 4).
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Figure 3. CCL22 and FOXP3 expression in cervical cancer (CC) tissue microarray as determined by
[HC. (A) IHC for CCL22. The scale is 100 and 200 um, respectively; (B) IHC for FOXP3. The scale is 100
and 200 pm, respectively. The number of CCL22+ and FOXP3+ cells was counted and classified as
either negative, less, or more.

200 2004
i iy i r=0.144
) : ¥ ! p=0.027
z 150 & 150
% &
E 100 5 1004 ¥
3 '
; - ded §
i
: & N
L e T 1 'g o } T 4 >
0 10 20 30 40 50 o 5 10 15
number of CCL22(+) cells CCL22 IRS

Figure 4. Left: number of CCL22+ cells is associated with that of FOXP3+ cells (r = 0.210, p = 0.001).
Right: IRS of CCL22 expressed in cervical cancer cells is associated with the number of FOXP3+ cells
(r = 0.144, p = 0.027). The number of cells was counted at a magnification of 25x lens and calculated
three times each in three different areas of the tissue microarray (TMA). The IRS of CCL22 in cervical
cancer cells was evaluated at a magnification of 25x and evaluated by two independent researchers.

2.5. Identification of CCL22 Expressing Cells in Cervical Cancer

Placenta tissue was used as a positive control for CCL22 and CD68, and appendix tissue as a
positive control tissue for CD163. Negative control regents with normal IgG were applied to check
CCL22 (rabbit IgG), CD68 (mouse IgG), and CD163 (mouse IgG) antibody specificity (Figures 5 and 6).

A previous study reported that CCL22 is expressed in myeloid cells such as dendritic cells and
macrophages in the steady state [38]. This study, therefore, performed double immunofluorescence
staining for CCL22, CD68, and CD163 to ascertain the expression of CCL22 in CC macrophages. CD68
and CD163 are specific markers for macrophages and M2-like macrophages, respectively [39]. We
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analyzed the percentage of CD68+/CCL22-, CD68+/CCL22+ and CD163+/CCL22-, CD163+/CCL22+
cells with eight slides, Our results showed that 55.22% (+14.32%) CCL22+CD68+ cells were found

23%) CCL22+CD163+ cells were found on CD163+ cells (p = 0.014,

on CD68+ cells, but 82.55% (=
Student's f test). The results of our study indicate that M2-like macrophages primarily secrete CCL22

Figure 5. Validation of antibody specificity by IHC. Placenta as positive control tissue for CCL22 and

CD68, and appendix as positive control tissue for CD163. The scale is 200 um

Figure 6. Cont

48



Paper Il

Cancers

150+
«p=0.014

100+ |

T

CD68+cells CD163+cells
n=8 n=8

Percentage of double stained cells

Figure 6. Double fluorescence staining of cervical cancer detecting CD68+CCL22+ cells and
CD163+CCL22+cells. Immunofluorescent staining of CCL22+ cells (in red) expressing CD68
(macrophages in green) and CD163 (M2 macrophages in green). These two sets of pictures of
different cervical tumor samples are representative of eight tumors analyzed. Arrowheads in the
merged picture (lower right) designate double-positive cells located in the stroma +14.32

CCL224CD68+ cells were found on CD68+ cells, but 82.55% (£22.23%) CCL22+CD163+ cells were

55.22

found on CD163+ cells (p = 0.014, Student’s ¢ test). The solid line in white indicates a barrier between

stroma and tumor nest. The image was shown in onginal magnification of 10x and 40x
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2.6. Cervical Cancer Cells Induced CCL22 in Monocytes

We cocultured monocytes with cervical cancer cells in a noncontact transwell system, which
allowed the exchange of soluble factors, but prevented direct cell-cell contact. After coculture, ELISA
assay demonstrated that the concentration of CCL22 in the supernatant of the lower chamber of
cocultures was significantly higher (1405.4 + 15.8, p < 0.05; 293.2 + 13.3, p < 0.05; with Caski cells and
Hela cells, respectively) than that of monocytes (0.000007 + 0.0000004) or cervical cancer cells alone
(73.3 £ 13.7, p < 0.05; 104 + 18.1, p < 0.05; Caski and HeLa cells, respectively) (Figure 7). These results
indicated that cervical cancer cells could induce CCL22 in monocytes.

T 1 = T 1
& —— Suo -
SSG
- g
: :
100
0 0 . —+
g monocytes  Caskicolls  monocytessCaski cells. g monocytes  Helacells  monccytessiela cols

Figure 7. Cervical cancer cells induced CCL22 in monocytes. The left column graph representing the
concentration of CCL22 in the supernatant from monocytes, Caski cells, and the cocultures of monocytes
and Caski cells, respectively. The right column graph represents the concentration of CCL22 in the
supernatant from monocytes, HeLa cells, and the cocultures of monocytes and HeLa cells, respectively.
Each experiment was triplicated. * p < 0.05.

3. Materials and Methods

3.1. Bioinformatics

The GEPIA database was used to identify the expression profile of CCL22
(http://gepia.cancer-pku.cn/) [34]. Transcript expression analysis for CCL22 was carried out in a
total of 316 samples including 13 normal and 303 CESC tissues across TCGA normal and GTEx data.
Next, using ANOVA method, 1 as the Log2FC cutoff value, 0.01 as the cutoff value of the significance
level, the expressing difference of CCL22 in CESC tissue was obtained. TIMER database was used to
identify the correlation between T-regs, TAM2, and CCL22 (https:/cistrome shinyapps.io/timer/) [35].
UALCAN database was used to analyze survival rate in groups with differently expressed CCL22 in
CESC dataset from TCGA (http://ualcan.path.uab.edu/index.html) [37].

3.2. Clinical Sample

The Institutional Review Board of the Ludwig-Maximilian University, Munich, (Number of
approval: 337-06, 29 December 2006) approved this study. All patients provided written informed
consent. Human cervical cancer tissue microarrays contained 230 samples from the patients diagnosed
with CC between January 1994 and September 2002 consecutively from the Department of Obstetrics
and Gynecology, LMU Munich. The age was from 22 to 83 years with a median age of 49 years.
Clinicopathologic characteristics of patients are available in Table 1. Staging was performed according
to the FIGO staging system. Primary treatment of CC consisted of type 3 radical hysterectomy with
pelvic lymph-node dissection. Data including age, stage, lymph node metastasis, distant metastasis,
and survival status were obtained from medical records. Data on tumor size, tumor grade, and
lymph-node metastases were reviewed from pathology reports.
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3.3. Tissue Microarray Construction

TMAs were constructed from 230 formalin-fixed, paraffin-embedded cervical cancer tissue
specimens, including 187 cervical squamous cancer and 43 cervical adenocarcinoma. Briefly,
to define representative tumor areas, an institutional pathologist reviewed the hematoxylin and eosin
(HE)-stained whole-mount sections to define representative tumor areas. Subsequently, after retrieval
of four 1.0-mm diameter tissue cores from the formalin-fixed paraffin-embedded tissue blocks of which
consisted tumor specimens, they were arrayed on a 38 x 25 recipient paraffin block using an MTA-1
manual tissue array (Beecher Instruments Inc., Silver Spring, MD, USA). Then, 3 um sections were
cut on a microtome and placed on glass slides for two replicates. One series was for staining CCL22
and the other was for staining FoxP3. The presence of tumor tissue on the sections was verified by
HE staining.

3.4. Immunohistochemistry

The TMA sections were deparaffinized in xylol for 20 min and rinsed in 100% ethanol. Then,
20 min HyO; incubation was performed to inhibit endogenous peroxidase reaction. Afterwards,
the specimens were rehydrated in deescalating alcohol gradients, starting with 100% ethanol and
ending with distilled water. The pressure pot contained a sodium citrate buffer (pH = 6.0), which
consisted of 0.1 m citric acid and 0.1 mM sodium citrate in distilled water. Then, samples were washed
in PBS twice and incubated with a blocking solution (Regent 1, ZytoChem Plus HRP Polymer System
(Mouse/Rabbit), Zytomed, Berlin, Germany) for 5 min. Incubation with the primary antibody was
performed at 4 °C for 16 h. All antibodies used are listed in Table 4. Samples were washed twice in PBS
(pH = 7.4) following every subsequent step. The blocking solutions (Regent 2) was applied for 20 min
and HRP-Polymer (Regent 3) for 30 min. The chromogen-substrate staining was carried out using
the Liquid DAB+ Substrate Chromogen System (Dako Scientifi, Glostrup, Denmark). The reaction
was stopped by applying distilled water. Finally, the slides were counterstained with Hemalaun for
2 min and blued in tap water. The slides were dehydrated in an ascending alcohol gradient and cover
slipped with Eukitt quick hardening mounting medium (Sigma Aldrich, St.Lousis, MO, USA). Human
tonsil tissue was applied as positive control. All slides were analyzed using the microscope Leitz
Wetzlar (Wetzlar, Germany; Type 307-148.001 514686). The immunoreactive score (IRS) was used for
evaluation of the intensity and distribution pattern of antigen expression. The semiquantitative score
was calculated as follows: the optical staining intensity (grades: 0 = none, 1 = weak, 2 = moderate,
3 = strong staining) was multiplied by the total percentage of positively stained cells (0 =none, 1 = 10%,
2 = 11-50%, 3 = 51-80%, and 4 = 81% of the cells). This multiplication has a minimum of 0 and a
maximum of 12. Two experience staff members analyzed the slides independently. Total number of
CCL22+ cells and FOXP3+ cells were counted in a magnification field of 40x lens three times each in
three different areas of each slide. The cutoff value was calculated by ROC curve. Cutoff values of 11
and 27 were applied for CCL22+ cells and FOXP3+ cells, respectively.

3.4.1. Evaluation of CCL22+ Cells as Macrophages

For the visualization of CCL22 expressing cells in CC infiltrating cells, the same tissue samples
with TMA were used. The antibodies are shown in Table 4. Double immunofluorescence staining for
CCL22 and CD#8 as a specific macrophage marker was performed to identify the CCL22 expression
in macrophages.

3.4.2. Evaluation of CCL22+ Cells as M2-Like Macrophages

In order to identify which subtype of macrophages express CCL22, the same tissue samples with
TMA were used. The antibodies are shown in Table 9. Double immunofluorescence staining for CCL22
and CD163 as a specific M2-like macrophage marker was performed.
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Table 9. Antibodies used for immunohistochemical characterization and double immunofluorescence
of cervical cancer samples.

Antibody Isotype Clone Dilution Source
coLz rabbit IgG polyclonal 1:400in PBS S p o rotech; DAKO(S322); Carpentera, CA, USA
e 1:400in Dako® ' P et g

FoxI3 mouse [gG monoklonal 1300 in PBS * Abcam
1:1000 in PBS * 2 ~

CDes mouse IgG polyclonal 1:1000 ilIInDaknb Sigma; DAKO(S322); Carpentera, CA, USA
1:800 in PBS *

CD163 mouse IgG monoklonal 1:800 in Dako b Abcam; DAKO(S322); Carpentera, CA, USA

Cy3® goat IgG anti-rabbit palyclonal 1:500* in Dako ® Dianova, Hamburg, Germany

Cy2® goat IgG anti-mouse polyclonal 1:100® in Dako ® Dianova, Hamburg, Germany

* antibodies used for i histochemistry, ® antibodies used for i fl ence.

3.5. Cell Coculture

To determine the effect of cervical cancer cells on the induction of CCL22 in macrophages,
monocytes were cocultured with HeLa cells and Caski cells, respectively. Transwell core size was
0.4 pm. First, we picked up the ordered buffy coat and purified the PBMCs using the Ficoll-Hypaque
method. We counted the PBMCs and seeded 0.2 million PBMCs per well into 24-well plates. Then plastic
adherence was in the incubator overnight. The next day, adhered monocytes were washed gently with
1 x PBS, digested by 0.25% trypsin with 0.25% EDTA and ended by complete medium. Monocytes
were plated in the lower chamber and 107 cervical cells were plated in the upper chamber in 24 wells.
They were cultured in 500 pL culture medium in each chamber with RPMI 1640 medium and 10%
fetal calf serum. Cocultures were incubated for 48 h and the supernatant of the lower chambers were
harvested followed by Elisa. 0.2 million monocytes with inserts and 107 Caski and 107 HeLa cells with
inserts cultured with RPMI 1640 medium with 10% fetal cow serum were as the control. Elisa was
performed after 48 h.

3.6. Elisa

Serum of all groups were collected and stored in ~80 °C before analysis. ELISA assay was
performed according to the manufacturer’s instructions of the ELISA kits (Catalog No. DMD00, R&D
Systems, Minneapolis, MN, USA). The OD value at 450 nm was measured. The concentrations of
CCL22 was calculated according to the standard curve.

3.7. Statistical Analysis

Clinical data are presented as number (percentage of the amount of relevant clinicopathology).
Statistical analysis of the number of CCL22+ and FOXP3+ cells were performed using chi-square test.
Correlation analysis of the number of CCL22+ and FOXP3+ cells were performed using Spearman
correlation. The Kaplan-Meier method was used to calculate the OS curve and further survival
analysis was performed using the log-rank test. The Cox proportional hazard model was used to
estimate hazard ratios and 95% confidence intervals in both univariate and multivariate models.
CCL22 concentration was presented as mean + standard deviation. ANOVA analysis was performed
using Welch ANOVA and Games-Howell. Statistical analyses were performed using SPSS version 23.0
(SPSS Inc., Chicago, IL, USA). p < 0.05 was considered statically significant.

4. Discussion

Our study revealed a correlation between the expression of CCL22 and FOXP3 in cervical cancer.
This study is the first to report the relationship between CCL22 expression and the prognosis of cervical
cancer (CC) patients. The group with a higher number of CCL22+ infiltrating cells shows a lower
overall survival rate (OS) than that of the group of lower number of CCL22+ infiltrating cells in cervical
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cancer. However, the expression of CCL22 in cervical cancer cells seems not to affect the survival rate of
CC patients. Moreover, the OS of the group combining higher CCL22+ and FOXP3+ infiltrating cells is
lower than that of the group with a combined lower number of CCL22+ and FOXP3+ infiltrating cells.

In recent years, several studies have investigated the prognostic value of new immune checkpoints
such as CCL22. CCL22 belongs to a family of secreted proteins that play various roles in
immunoregulatory and inflammatory processes [27]. Previous research has reported that CCL22 is a
prognostic predictor of various cancers. For instance, a report by Li et al. indicated that tumor secretion
by CCL22 is an independent prognostic predictor of breast cancer [40]. Another study proved that the
levels of serum macrophage-derived CCL22 are associated with glioma risk and survival period [41].
Besides, CCL22 predicts postoperative prognosis in patients with stage II/IIl gastric cancer [42].
The prognostic value of CCL22 in cervical cancer has, however, not been investigated. This study reveals
that the CCL22M8" group had a lower OS, compared to the CCL22'°% group (p = 0.001). CCL22Msh
was an independent predictor of shorter OS (HR, 4.985; p = 0.0001). The OS of the combination group
CCL22MEMFOXP3MEM was significantly lower than that of the combination group CCL22'°"FOXP3'o"
regardless of the FIGO stage and disease subtype. CCL22"8"FOXP3"5" was an independent indictor
of shorter OS (HR, 5.284; p = 0.009). The PFS of group CCL22ME"FOXP3"8" was significantly lower
than that of group CCL22'"YFOXP3""" in cervical adenocarcinoma, but CCL22"8"FOXP3M8h was
not an independent indicator (HR, 3.018; p = 0.068). Therefore, the CCL22+ infiltrating cells or the
combination of CCL22 (+) and FOXP3 (+) cells are novel biomarkers that can be potentially used for
cervical cancer prognosis. Since this study only had 5/230 samples with both a high number of CCL22+
and FOXP3+ infiltrating cells, increasing the sample size might provide a more reliable result.

Previous studies reported that CCL22 could recruit FOXP3 (+) regulatory T-cells. Increased
CCL22 mRNA levels are correlated with increased FoxP3 mRNA levels in oral cancer specimens [43].
In a B16F10 melanoma model, imiquimod (IQM) has been shown to reduce T-regs at the tumor site
by the downregulation of CCL22 production [44]. In cervical cancer, the CCL22 mRNA levels of
neoplastic foci and tumor periphery is positively correlated with FOXP3 [45]. In cervical cancer,
however, the correlation between protein expression levels of CCL22 and FOXP3, and the cell source
of CCL22 have not been determined. This study revealed a similar trend, that the protein level of
CCL22 from both cervical cancer cells and infiltrating cells was positively correlated with FOXP3.
This correlation was defined by calculating the IRS of CCL22 expression in cervical cancer cells and
counting the number of CCL22+ and FOXP3+ cells. The association of the latter was better than the
former. Therefore, both cervical cancer cell-derived and infiltrating cell-derived cells might recruit
T-regs, and the role of CCL22 from infiltrating cells was found to be more significant than that of CCL22
from cervical cancer cells.

Several studies have investigated the source of CCL22. For instance, Huang et al. proved that
CCL22 was overexpressed in head and neck cancer cells [43]. CCL22 was found in macrophages of
tongue squamous cell carcinoma [46]. Additionally, the secretion of CCL22 by M2-like macrophages
in colorectal cancer was proven [32]. However, CCL22 expression in cervical cancer has not been
previously determined. By performing a tissue microarray (TMA) using immunohistochemistry (IHC),
we showed that CCL22 could be secreted by cervical cancer cells. Besides, double immunofluorescence
of CD163 and CCL22 showed that 82.55% (£22.23%) of CD163(+) cells were overlapped with CCL22
(+) infiltrating cells. Therefore, CCL22 is secreted by M2-like macrophages and cervical cancer cells in
cervical cancer. Moreover, many studies proved that cervical cancer cells could induce monocytes into
M2 macrophages [18,42] which was consistent with the result in our study to some degree that CCL22
in monocytes could be induced by cervical cancer cells. However, further studies need to be performed
to show the effect of cervical cancer cells on M2 macrophages and the regulatory mechanisms of CCL22
needs to be studied in the future. In conclusion, our findings suggest that the increase in CCL22 (+)
infiltrating M2-like macrophage cells may recruit more T-regs in CC tissue and cause a poor prognosis
for cervical cancer patients. CCL22 could be a prognostic predictor and therapeutic target to identify
and treat cervical cancer patients with poorer clinical outcomes.
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5. Conclusions

Our study demonstrates that high CCL22(+) infiltrating cells particularly M2-like macrophage
cells, is associated with a poor outcome of cervical cancer patients. CCL22 expression is positively
correlated with FoxP3 expression in cervical cancer. Thus, CCL22 may be a novel prognostic marker
and therapeutic target for the treatment of cervical cancer.

Supplementary Materials: The following are available online at http//www.mdpi.com/2072-6694/11/12/2004/s1,
Figure S1: Correlation analysis of CCL22, MRC1 and FOXP3 in CESC tissue as explored by the TIMER database.
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