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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 inhibit immune 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 HeLa 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 HeLa 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. 

PTPN6 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-γ, strongly 

active tumor cells can be obtained, and the inhibitory effect on PGE2 will increase with the 

increase of TNF, IFN-γ, 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 γ, IL-2, IL-3, IL-12, TNF-α, 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-1β, IL-6, IL-12, IL-23, iNOS and tumor 

necrosis factor α (TNF-α), 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-α, TGF-β β, 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 Fcγ receptor plus LPS or IL-1β 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-γ its inhibitory effect on tumor growth with 

dose changes when treating cervical cancer. In addition, rIFN-γ 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-γ 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 γ 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 II/III 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 Gebärmutterhalskrebs erläutert. 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 

Gebärmutterhalses (SCC) im FIGO-Stadium I unabhängig von Alter und Grad vorhersagen 

kann. Inzwischen wurden 22 immunbezogene Gene identifiziert, welche mit dem 

Überleben von Gebärmutterhalskrebs in Verbindung stehen und potenzielle 

therapeutische Ziele darstellen. Darüber 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 durchgeführt werden müssen. In 

Manuskript 2 wurden CCL22-positive infiltrierende Zellen mit der Gesamtüberlebensrate 

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 Förderung von Gebärmutterhalskrebs muss jedoch noch weiter untersucht werden. 
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4.Your contribution to the publications 

4.1 Contribution to paper I 

I am the independent first author of this paper. I am responsible for performing R language 

script, analyzing data and writing manuscript. 

4.2 Contribution to paper II 

I am the independent first author of this paper. I am responsible for performing experiments, 

analyzing data and writing manuscript. 
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