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Introduction: The FMS-related tyrosine kinase 3 (FLT3) ligand (FLT3LG), a growth factor, binds to FLT3 on dendritic cell (DCs) to
enhance their differentiation and expansion. It has shown great potential as an immunotherapy target for cancers. However, the
expression and function of FLT3LG in cervical cancer remain largely unknown.

Materials and Methods: In this study, we obtained the expression of FLT3LG, the clinical prognosis in cervical cancer, via multiple
databases, including The Cancer Genome Atlas (TCGA), the TISIDB database, and Tumor Immune Estimate Resource (TIMER). The
results were further investigated using real-time quantitative PCR (qQPCR) cytology specimens in 489 patients. Furthermore, Kaplan-
Meier Cox regression and prognostic nomogram analyses were used to assess FLT3LG’s clinical significance in cervical cancer
patients. All calculations used the R package.

Results: As a result, FLT3LG expression decreased in cervical cancer compared with standard samples. And the low expression of
FLT3LG was associated with a poor prognosis. Furthermore, Receiver Operating Characteristics (ROC) analysis indicated that
FLT3LG might serve as a valuable diagnostic biomarker for cervical cancer. Additionally, it indicated that the FLT3LG had the
highest odds ratio (OR=10.519; (7.371-27.071)) for detecting CIN 2+. In addition, our result also demonstrated that expression of
FLT3LG was closely related to immune cells, immune inhibitors, immunostimulators, receptors, and chemokines in CESC.
Conclusion: Research on FLT3LG provided insight into its critical function. Hence, the low expression of FLT3LG may be
a valuable biomarker in CESC patients linked with immune infiltration.
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Introduction

Cervical cancer (CC) is the most common malignant tumor of the lower female genital tract. It has become a significant
challenge to female health, despite initiatives to prevent cervical cancer with screening and vaccination.' Nearly 604,127
new cases and 341,831 deaths were reported yearly.” China has 10,9741 new cases and 59,060 deaths annually, an
increasing trend.? Recently, many articles have shown that effective surgery, technical radiotherapy, and the addition of

bevacizumab to standard chemotherapy can significantly improve survival in cervical cancer patients.>* Unfortunately,
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the prognosis for patients with advanced or recurrent cervical cancer remains poor, and the treatment options remain
limited.” Hence, exploring effective prognostic and therapeutic targets for cervical cancer is urgent.

Immunotherapy is an emerging treatment option that might be a novel option to improve the prognosis of these
patients. It has recently achieved great preclinical and clinical success through immune checkpoint inhibitors (ICIs).®®
Nowadays, ICIs represent the most promising cancer treatment. However, only a fraction of patients received an immune
response due to primary or acquired resistance. It is reported that nearly 85% of cancer patients have innate or acquired
resistance to ICIs, which significantly limits their clinical application.” Such resistance mechanisms may be due to
dendritic cell (DCs) dysfunction, recruitment reduction, and T cell decreased or infiltration reduction.'® These resistance
mechanisms can be corrected by therapeutic agents triggering cancer immune response or promoting DC activation.'' ™"
Targeted programmed cell death-1(PD-1), programmed cell death-Ligand 1 (PD-L1), and cytotoxic T lymphocyte-
associated antigen-4 (CTLA-4) have a significant positive effect on cervical cancer. The Food and Drug
Administration (FDA) has approved pembrolizumab for those patients with metastatic or recurrent cervical cancer for
patients with metastatic or recurrent cervical cancer whose disease has progressed during or after chemotherapy.'*'?
However, treatment options remain limited. Thus, it is essential to discover a novel target and available predictive
biomarker to stratify patients who may benefit from immunotherapy in cervical cancer.

The FMS-related tyrosine kinase 3 (FLT3) ligand (FLT3LG), a growth factor, is mainly derived from lymphocytes in
the tumor microenvironment (TME).'®!” It binds to FLT3 on DCs to enhance their differentiation and expansion.'®
Therefore, it may assist DCs in tumor antigen presentation and antitumor immune response. In addition, mature DC
express FLT3 and proliferate massively under the trigger of FLT3LG.'"?° Recently, Kalanxhi et al indicated that the
serum FLT3LG level in patients after OXA neoadjuvant therapy was higher than the baseline level in locally advanced
rectal cell cancer (RCC).?!

Furthermore, Abrahamsson et al demonstrated circulating FLT3LG at baseline linked with RCC liver metastases.*>
Their study showed that elevated circulating FLT3LG levels after neoadjuvant therapy were strongly associated with
better prognosis, possibly due to a reduced risk of metastasis. It further illustrates that the FLT3LG levels in serum can
be used as a predictive target after neoadjuvant therapy. In addition, elevated serum FLT3LG has been described
clinically as a biomarker of recovery from chemotherapy-induced myelosuppression.”>** Also, FLT3LG has been
used to generate DCs from myeloid progenit or cells in vitro,?* but limited understanding of its immunomodulatory
effect.

Given little research focused on FLT3LG, limited evidence has illustrated the expression level, function, and clinical
value of FLT3LG in cervical cancer. This article aimed to evaluate the predictive and therapeutic value of FLT3LG in
cervical cancer based on databases. This article developed a comprehensive analysis to provide further insight into the
biological pathways, functional enrichment, and clinical significance involved in the cervical cancer-related FLT3LG
regulatory network. This study opens a new perspective into the active role of FLT3LG in cervical cancer and highlights
the underlying mechanistic basis by which FLT3LG affects immune cell-tumor interactions.

Materials and Methods

RNA-Sequencing Data and Bioinformatics Analysis

Normalized RNA-seq and clinicopathological data were acquired from TCGA-CESC datasets, including 306 cervical
squamous cell carcinoma and endocervical adenocarcinoma (CESC) sample tumor tissues and 13 normal tissues.”> And
further analysis used the ClusteProfiler ggplot2 package in R (3.3.3).

TIMER Database Analysis

The Tumor Immune Estimation Resource (TIMER2.0) (https://timer.cistrome.org/) is a database used for the analysis

of tumor-infiltrating immune cells and various gene expression levels in different types of cancer.”® We assessed the
expression of FLT3LG in various tumors and the relationship with tumor-infiltrating lymphocytes (TILs) by gene
modules. In addition, the association between FLT3LG level with markers of TILs has been investigated through
correlation modules. And the significance of the estimation and correlation was analyzed by the correlation module.
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Gene Expression Profiling Interaction Analysis

The Gene Expression Profiling Interactive Analysis (GEPIA)?’ (http:/gepia.cancer-pku.cn/index.html) is a valuable
online database that got the data from TCGA and The Genotype-Tissue Expression (GTEx) databases. We used it to
evaluate the correlation between FLT3LG levels and significant markers in CESC and healthy samples by the correlation

Analysis.

Prognostic Model Establishment and Prediction
We established a nomogram to predict the overall survival (OS) in cervical cancer patients using the RMS R package
(version 6.2-0) and survival package (version 3.2—10).*® It mainly consists of two parts, significant clinical features and
calibration maps. The calibration curve was assessed graphically by comparing the nomogram predicted probabilities to
the observed ratios, with the 45° line representing the best-predicted value.

The Concordance Index (C-index) was used to evaluate the discriminative power of the model. Additionally, receiver
operating characteristic (ROC) and C-index were carried out to analyze the predictive accuracy.

TISIDB

TISIDB included various heterogeneous data sources to analyze the relationship between tumors and the immune system
(http://cis.hku.hk/TISIDB/index.php). The database can assist researchers in further understanding how tumors and

immune cells interact, predict the efficacy of immunotherapy, and identify new immunotherapy targets. It will be
a valuable resource for cancer immunology research and therapy. In the present study, we analyzed the relationship
between FLT3LG and 28 TILs, 24 immunoinhibitors, 40 immunostimulators, 41 chemokines, and 18 receptors in CESC
by the TISIDB database.?

Patients and Clinical Samples

We included 489 participants with cervical specimens from December 2017 to September 2021 in the Fujian Provincial
Maternity and Children’s Health Hospital, an affiliated hospital of Fujian Medical University. The population was
selected from the Fujian Cervical Lesion Screening Cohort (FCC). The Hospital Ethics Committee of Fujian
Provincial Maternity and Children’s Hospital, an affiliated hospital of Fujian Medical University, approved the study
(2022KYLLR03050), and all individuals participating in this study signed written informed consent.

Quantitative Real-Time Polymerase Chain Reaction (RT-qPCR)

Specimen collection, sample management, liquid-based cytology, HPV genotyping test, and histology were described in
the previous study.***' RT-qPCR was carried out according to the protocol. FLT3LG PCR was used with primer pairs 5'-
GCT GGG TCC AAG ATG CAA GG-3'" and 5-GGT CTG GAC GAA GCG AAG AC- 3. GAPDH was used as an
experimental control for sample quality and adequacy during the PCR process. GAPDH PCR was applied with primer
pairs 5'-GGT GTG AAC CAT GAG AAG TAT GA-3' and 5'-GAG TCC TTC CAC GAT ACC AAA G-3'. Relative
levels of FLT3LG mRNA were calculated by the 2—AACT method.

Statistical Analysis

All data analysis and visualizations were performed using R (3.6.3).%® The FLT3LG expression was analyzed in unpaired
samples using Wilcoxon rank-sum test, while paired samples were analyzed using Wilcoxon signed-rank test. Cox
regression analysis and Kaplan-Meier analysis were performed to assess the prognostic factors. Using multivariate Cox
analysis, we compared the impact of FLT3LG expression on survival and other clinical characteristics. We used the
median FLT3LG expression as the cut-off point. Furthermore, we conducted ROC analysis using the pROC package to
determine whether transcriptional expression of FLT3LG can accurately distinguish cervical cancer from healthy tissues.
Different risks were estimated using odds ratios (ORs) and 95% confidence intervals (Cls). An area under the curve
(AUC) of 0.5 to 1.0 indicates 50-100% discriminability. In all statistical analyses, P-values below 0.05 indicated
statistical significance.
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Results

FLT3LG Decreased in Cervical Cancer

RNA-seq data were downloaded from UCSC XENA (https://xenabrowser.net/datapages/) and analyzed uniformly
through the toiling process. Based on an analysis of FLT3LG expression in TCGA and GTEX normal samples and
corresponding tumor samples in TCGA, FLT3LG expression was significantly low among 16 cancer types, including
CESC Figure 1A and B. In comparison, 13 cancer types expressed FLT3LG highly in Figure 1A. Furthermore, the
expression of FLT3LG decreased in poor prognosis (Figure 1C-E).
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Figure | Expression patterns of FLT3LG mRNA in CESC from TIMER, TCGA, and our cohort database. (A) The FLT3LG expression in different cancer types from the
TIMER database. (B) FLT3LG expression was significantly decreased in CESC from the TCGA-CESC data sets. (C—E) The expression level of FLT3LG was analyzed using the

TCGA-CESC data sets according to (C) OS, (D) DSS, and (E) PFl. (F) FLT3LG expression level decreased in clinical specimens. Analysis between two groups: Wilcoxon
Rank sum test; NS: P= 0.05 or higher; *P < 0.05; **P < 0.01; **P < 0.001.
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Verification of FLT3LG Down-Expression in Our Cohort

To further determine the different expression levels of FLT3LG in cervical lesions, we collected 489 cervical specimens and
clinical information. There were 121(24.74%) were normal, 96(19.63%) were defined as CIN1, 193(39.47%) as CIN2/3, and
79 (16.16%) as CC. According to Table 1, the participants had the following clinicopathologic characteristics. A significant
relationship was found between cervical lesions and age, cytology, HPV genotype, and FLT3LG expression. We found that
age, abnormal cytology, and HPV infections contributed to the development of CIN2+. Moreover, With the development of
cervical lesions, the expression of FLT3LG decreased significantly, especially compared with CIN2+ (Figure 1F). It indicated
that FLT3LG might serve as a predictor of CIN2+ lesions (p<0.01). It was similar to the results of TCGA analyses which
showed that low levels of FLT3LG could predict worse pathologic stages in patients with CESC.

Decreased FLT3LG Predicts a Poor Prognosis in CESC
Based on TCGA-CESC data sets, a Kaplan-Meier survival analysis was conducted to investigate FLT3LG’s role in CESC
survival. As shown in Figure 2A—C, low FLT3LG expression was significantly related to poor overall survival (OS) (HR
=0.46, 95% CI = 0.29-0.74, p = 0.001, Figure 2A). Similarly, we found a significant correlation between low FLT3LG
expression and poor disease-specific survival (DSS)(HR = 0.45, 95% CI = 0.26-0.88, p = 0.004, Figure 2B) and
progression-free interval (PFI) (HR = 0.55, 95% CI = 0.34-0.90, p = 0.016, Figure 2C). The univariate analysis
demonstrated that the clinical stage, T stage, N stage, and M stage, as well as FLT3LG expression levels, affected
CESC prognosis (all p < 0.05). According to multivariate Cox regression, the FLT3LG expression level was an
independent risk factor in CESC patients (Table 2).

We evaluated the impact of FLT3LG expression on the prognosis of low-stage CESC patients using subgroup
analysis. According to Figure 2D-I, low FLT3LG expression is associated with poorer prognosis in stages T1 + T2,

Table | Clinical Characteristics of the Participants of the Study

Item Pathology x? P
Normal CIN I CIN 2-3 CcC
(n=121) (n=96) (n=193) (n=79)
Age 78291 | <0.001
<30(N=63) 19(15.70%) 30(31.25%) 13(6.73%) 1(1.27%)
30-50(N=320) 84(69.42%) 55(57.29%) 141(73.06%) 40(50.63%)
250(N=106) 18(14.88%) 11(11.46%) 39(20.21%) 38(48.10%)
Cervical cytology 137.424 | <0.001
NILM(N=145) 95(78.51%) 24(25.00%) 19(9.84%) 7(8.86%)
ASCUS(N=72) 19(15.70%) 25(26.04%) 26(13.47%) 2(2.53%)
>ASCUS(N=272) 7(5.79%) 47(48.96%) 148(76.68%) 70(88.61%)
HPV genotype 51.679 | <0.001
Negative (N=2) 1(0.83%) 1(1.04%) 0(0.00%) 0(0.00%)
16/18 Positive (N=294) 63(50.07%) 36(37.50%) 126(65.28%) 69(87.34%)
Non-16/18 Positive 57(47.10%) 59(61.46%) 67(34.72%) 10(12.66%)
(N=193)
FLT3LG 0.62+0.05 0.61+0.06 0.3240.02 0.29+0.03 33.764 | <0.00I
Note: P<0.05.

Abbreviations: CIN, Cervical Intraepithelial Neoplasia; NILM, negative for intraepithelial lesion or malignancy; ASC-US, atypical squamous cells of
undetermined significance; CC, cervical cancer.
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Table 2 Univariate and Multivariate Cox’s Regression Analysis of Factors Associated with OS in Cervical
Cancer with TCGA Database

Characteristics Total (N) Univariate Analysis Multivariate Analysis
Hazard Ratio (95% CI) | P value | Hazard Ratio (95% CI) | P value

Clinical stage 299 2.369 (1.457-3.854) <0.001 0.326 (0.028-3.725) 0.367
Histological type 306 1.033 (0.543-1.969) 0.920

Histologic grade 274 0.866 (0.514-1.459) 0.589

T stage 243 3.863 (2.072-7.201) <0.001 9.445 (0.908-98.257) 0.060
N stage 195 2.844 (1.446-5.593) 0.002 2.422 (0.854-6.866) 0.096
M stage 127 3.555(1.18710.641) 0.023 0.000 (0.000-Inf) 0.998
FLT3LG 306 0.470 (0.290-0.762) 0.002 0.202 (0.062-0.661) 0.008

Abbreviations: 95% Cl, 95% confidence interval; OS, overall survival.

stages NO + N1, MO, radiation therapy, different histological type (squamous cell carcinoma) and low clinical stage with
OS (HR = 0.45, 95% CI = 0.23-0.88, p = 0.02, Figure 2D), (HR = 0.45, 95% CI = 0.22-0.90, p = 0.023, Figure 2E), (HR
=0.32, 95% CI = 0.11-0.90, p = 0.03, Figure 2F), (HR = 0.41, 95% CI = 0.23-0.72, p = 0.002, Figure 2G), (HR = 0.52,
95% CI = 0.31-0.87, p = 0.013, Figure 2H) and (HR = 0.31, 95% CI = 0.17-0.58, p < 0.001, Figure 2I), respectively.

FLT3LG Expression Can Serve as a Potential Diagnostic Biomarker for the Detection
of CIN 2+

The reliability of FLT3LG mRNA expression level to distinguish cervical cancer from normal tissues was evaluated
using ROC analysis. And the AUC was 0.820 (95% CI: 0.709-0.930, Figure 2J) in the TCGA-CESC dataset. Our
cohort’s AUC was 0.811 (95% CI: 0.773—-0.848, Figure 2K), and the optimal cut-off of FLT3LG mRNA was 0.405.

We calculated the independent factors that contributed to the diagnosis of the high-grade cervical lesion by multiple
logistic regressions (Table 3). It is indicated that the FLT3LG had the highest OR (OR=10.519; 95% CI =7.371-27.071),
as well as the following: TCT (OR=9.988; 95%=4.515-20.058), HPV-genotype (OR=8.256; 95% CI=4.150-18.436) and
age (OR=2.637; 95%=1.336-5.207).

Prognostic Model of FLT3LG in CESC

The Cox regression analysis results created a nomogram using the RMS R package (Figure 3A). Based on a statistical
significance level of 0.1, T stage and FLT3LG expression were chosen as independent prognostic factors in the
prediction model. Multivariate Cox analysis was used to assign points to these variables. According to the FLT3LG-
related Cox model, OS was predicted at 0.725 (0.689-0.761). A straight line was drawn to determine the variables’
points, and the sum of those points was scaled from 0 to 100. The total point topics probability of CESC patients was

Table 3 Independent Predictors for Detection of CIN2+ Lesions

Category N OR 95% ClI P

Age <50 383 | Reference 0.005
=50 106 2.637 1.336-5.207

TCT <ASCUS 344 | Reference <0.001
2ASCUS 145 9.988 4.515-20.058

HPV genotype Non-16/18(+) 193 | Reference <0.001
16/18(+) 294 8.256 4.150-18.436

FLT3LG High (20.405) 205 | Reference <0.001
Low 284 10.519 7.371-27.071

Note: The cutoff of PMR values were defined by ROC curve analysis.
Abbreviations: TCT, Thinprep cytologic test; ASC-US, atypical squamous cells of undetermined significance; OR, odds ratio; 95% Cl, 95%
confidence interval.
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nomogram for predicting the likelihood of OS at I, 3, and 5 years.

calculated from the points of each variable. To determine survival at 1, 3, and 5 years, a straight line was drawn from the
total point axis to the outcome axis. According to the model, the probability of 1-year survival is < 20%, and 3- and
S-year < 10%. Based on the nomogram calibration curve, all patients’ observations were consistent with the prediction

results (Figure 3B).

Association Between Immune Infiltration and FLT3LG Expression in CESC
Immune infiltration is a crucial factor related to tumor progression. In CESCs, FLT3LG expression was associated with
immune cell infiltration levels using TIMER platforms. We analyzed the relationship between FLT3LG and 28 TILs.
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Figure 4A shows a strong correlation between FLT3LG expression level and TIL abundance. FLT3LG expression was
strongly linked to CD8+ T cell (tho = 0.567), CD4+ T cell (tho = 0.396), T-cell regulatory (rho = 0.296), B cell (rho =
0.512), neutrophil (rho = 0.166), monocyte (rtho = 0.728), and M1(rho = 0.499), myeloid dendritic cell (rtho = 0.539),
Mast cell activated (rho = 0.239), cancer-associated fibroblast (rho = 0.133), Hematopoietic stem cell (rho = 0.142),
T cell follicular helper(rho = 0.464), T cell gamma delta (rho = 0.428). However, the FLT3LG expression level was
negatively correlated with MDSC(rho = —0.441) (Figure 4B). All the p-values were below 0.001. These results
demonstrated that FLT3LG plays an essential role in the immune infiltration of CESC.

GEPIA databases were used to analyze the relationship between FLT3LG and different biomarkers of TILs in CESC.
We found that FLT3LG was significantly associated with most marker sets of Monocytes, TAMs, M1 macrophages, M2
macrophages, neutrophils, and T-cell exhaustion in CESC. Specifically, this study suggested that the makers of TAMs,
T-cell exhaustion, and monocyte are all positively correlated with FLT3LG in CESC (p < 0.01; Figure 5 and Table 4).
Therefore, FLT3LG may affect T-cell exhaustion and macrophage polarization in CESC.

GEPIA databases were used to analyze the relationship between FLT3LG and 24 immunoinhibitors, 40 immunostimu-
lators in CESC. The expression of FLT3LG is associated with immunomodulators in cervical cancer. Inmunomodulators are
important components that affect the function of the immune system. This research revealed that FLT3LG was significantly
connected with immunoinhibitors (p < 2.2e—16), such as CD95 (rho = 0.564), CD244 (rho = 0.531), BTLA (rho = 0.525),
CSFIR (rho = 0.484), KIR2DL3 (rtho = 0.437), CTLA4 (rho = 0.573), HAVCR2 (rho = 0.716), IDO1 (rho = 0.538), TIGIT
(rho = 0.576), PDCD1 (rtho = 0.562), PDCD1LG2 (rho = 0.433), TIGIT (rho = 0.576) and LAG3 (rho = 0.625) (Figure 6A).
The FLT3LG level was also strongly related with immunostimulators (p < 2.2e—16), including CD40LG (rho = 0.448), CD40
(rho = 0.533), C100rf54 (tho = 0.517), CD27 (tho = 0.61), CD48 (rho = 0.841), CD80 (rho = 0.455), CD86 (rho = 0.53),
ICOS (rho = 0.567), LTA (rho = 0.637), KLRKI1 (tho = 0.571), TNFRSF13B (rho = 0.489), TMIGD2 (tho = 0.507),
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Abbreviations: TILs, tumor-infiltrating lymphocytes; TIMER2.0, Tumor Immune Estimation Resource.
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Figure 5 FLT3LG expression correlated with monocyte, macrophages, and T cell exhaustion in CESC. Markers include IRF5, and PTGS2 of M| macrophages (A), CD163,

VSIG4, and MS4A4A of M2 macrophages (B), PDCDI, PDCD G2, CTLA4, LAG3, HAVCR2, GZMB of T-cell exhaustion (C), CD86 and CSFIR of monocytes (D) and CCL2,
CDé68, and IL10 of TAMs(E).

TNFRSF14 (tho = 0.587), TNFRSF4 (tho = 0.483), and TNFSF13B (tho = 0.524), (Figure 6B). Hence, FLT3LG is
intimately involved in modulating immune interactions and may facilitate tumor immune escape.

The Expression of FLT3LG is Associated with Chemokines in Cervical Cancer
Chemokines play a key role in regulating immune cell infiltration. We analyzed the relationship between FLT3LG and 41
chemokines and 18 receptors in CESC. According to this study, FLT3LG expression is associated with chemokine
expression (p < 2.2e—16). FLT3LG expression was significantly linked with CCLS5 (rho = 0.653), CCL4 (rho = 0.49.),
CCL19 (rho = 0.476), CXCL9(rho = 0.459), CX3CL1 (rho = 0.448), XCL2 (tho = 0.513), CXCL13 (rho = 0.468),
CXCLI11 (rho = 0.454), and CXCL10 (rho = 0.554), (Figure 7A). In addition, we found significant correlations between
FLT3LG expression and chemokine receptors (p < 2.2e—16), including CCR2 (rho = 0.424), CCRS (rho = 0.565),
CXCRS5 (rho = 0.472), CXCR3 (rho = 0.586), and CXCR6 (rho = 0.597) (Figure 7B). Furthermore, based on these
results, FLT3LG might act as an immunoregulatory factor in cervical cancer.

Discussion
Recently, the expression and functions of FLT3LG in the TME have been reported.'®!” And It stimulates the differentia-

tion and expansion of DCs by binding to FLT3.'® Furthermore, several studies demonstrated that the FLT3LG levels in
serum could be used as a predictive target after neoadjuvant therapy in CRC.?**' However, a few reports about FLT3LG

5898 https:

Journal of Inflammation Research 2022:15
Dove


https://www.dovepress.com
https://www.dovepress.com

Dove chen et al

Table 4 Correlation Analysis Between FLT3LG and Related Genes and Markers of Monocyte,
Macrophages, and T-Cell Exhaustion in Gene Expression Profiling Interaction Analysis (GEPIA)

Description Gene Markers Tumor Normal
Cor P Cor P
Monocyte CD86 0.44 S -0.99 0.11
CDI 15 (CSFIR) 0.38 etk —0.37 0.76
TAM CCL2 0.51 * —0.88 0.31
CDé8 0.18 o —-0.72 0.49
ILI10 0.17 o -0.88 0.32
M| Macrophage | INOS (NOS2) 0.79 o —0.64 0.56
IRF5 0.24 R —0.34 0.78
COX2 (PTGS2) —0.15 = —0.88 0.31
M2 Macrophage CDI163 0.18 wok —0.98 0.14
VSIG4 0.082 0.15 —-0.44 0.71
MS4A4A 0.25 ok —-0.81 0.4
T cell exhaustion | PD-1 (PDCDI) 0.36 S —0.98 0.13
PDLI| (PDCDILG2) 0.24 e —0.93 0.23
CTLA4 0.47 S —0.92 0.25
LAG3 0.41 et 0.82 0.39
TIM-3 (HAVCR2) 0.47 S —0.98 0.13
GZMB 0.25 S —1.00 o

Notes: *p < 0.05; *p < 0.01; **p < 0.001.
Abbreviations: TAM, tumor-associated macrophage; Cor, R value of Spearman correlation.

are mainly about RCC. The effect of FLT3LG expression on cervical cancer prognosis has not been explored. This study
investigated the role of FLT3LG in cervical cancer.

This study systematically analyzes the clinical value and expression lever of FLT3LG in CESC via comprehensive
bioinformatics research. Our results demonstrated that poor prognosis was consistent with low-expression FLT3LG in
CESC, which is compatible with our clinical specimens. Moreover, CESC with low FLT3LG expression exhibited poor
clinicopathological characteristics. A multivariate, univariate, and ROC analysis of FLT3LG in cervical cancer patients
also suggested that it was an extremely valuable predictive biomarker. Furthermore, our results also show that the
expression of FLT3LG is closely related to the degree of infiltration of different immune cells, immunostimulators,
immunoinhibitors, chemokines, and receptors in CESCs.

A major clinically relevant conclusion was that low expression of FLT3LG was related to poor survival. Decreased
FLT3LG is the only independent prognostic factor for overall survival by multivariate Cox regression analysis.
A nomogram prediction model was established to confirm the predictive effect of FLT3LG expression on prognosis.
Hence, the low expression of FLT3LG may be a valuable biomarker in CESC patients. Additionally, FLT3LG was
evaluated by ROC curve analysis for its potential to differentiate CESC patients from normal individuals, with an AUC
of 0.82. Also, the AUC of FLT3LG was 0.811 based on our cohort, and the cut-off value of FLT3LG expression was
0.405.
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Figure 6 The expression of FLT3LG is associated with immunoinhibitors and immunostimulators in cervical cancer. (A) Correlation between FLT3LG expression and
immunoinhibitors in cervical cancer available at TISIDB database. (B) Correlation between FLT3LGexpression and immunostimulators in cervical cancer available at TISIDB

database. Color images are available online.

Furthermore, after adjusting for standard clinical factors, FLT3LG appears to be an independent predictor of poor
prognosis in CESC. According to a multivariate Cox regression analysis, low FLT3LG expression was an independent
predictor of OS. To improve prognosis prediction, a nomogram prognosis map was constructed by combining FLT3LG
with the T stage. According to the FLT3LG-related Cox model, OS was predicted at 0.725 (0.689-0.761). As shown in
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Figure 7 The expression of FLT3LG is associated with chemokines and receptors in cervical cancer. (A) Correlation between FLT3LG expression and chemokines in
cervical cancer available at TISIDB database. (B) Correlation between FLT3LG expression and receptors in cervical cancer available at TISIDB database. Color images are

available online.

the calibration chart, the nomogram predictions associated with FLT3LG matched optimally with the observations of 1-,
3-, and 5-year OS probabilities. Using the Cox analysis and nomogram model, FLT3LG expression appears to be more
predictive than other factors. Our model may provide a personalized score for each patient with CESC in this regard.
Additionally, the present study revealed that FLT3LG is significantly linked to the degree of immune infiltration in
cervical cancer. There is evidence that infiltration of immune cells plays a vital role in cancer progression and
development in the TME.**** In immune cell infiltration analysis, FLT3LG expression was positively associated with
cytotoxic cells, T cells, Treg cells, active dendritic cells (aDCs), NK CD56dim B cells, Thl cells, and CD8 T cells. There
are two primary subsets of human NK cells, CD56 (bright) and CD56 (dim), which account for 10-15% of circulating
lymphocytes. It has been considered that CD56 (bright) NK cells are immature NK cells. CD56 (bright) NK cells are
highly productive and have low cytotoxicity.**>° In particular, NK cells play a dual role in tumor formation. It is

traditionally an immunosurveillance system and antitumor cell.>” Emerging studies have recently shown that CD56
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(bright) NK cells play a role in tumor development.*®*° In this study, NK CD56(dim) cells’ infiltration was strongly
linked to FLT3LG expression.

Additionally, FLT3LG expression was strongly linked to immunostimulators, immunoinhibitors, chemokines, and
receptors. Furthermore, this article also indicated the relationship between FLT3LG level and the marker of TIL in
CESC. FLT3LG level was associated with M2 markers, including CD163 and MS4A4A. However, M1 markers, such as
NOS2 and IRFS5, had weakly correlation with FLT3LG level. Macrophages can further differentiate into M1 and M2
macrophages,*® and play a key role in proliferation,*' angiogenesis,** invasion,** metastasis,** and immunity of tumor.*
Based on these findings, FLT3LG may be able to regulate TAM polarization.

Furthermore, FLT3LG expression was strongly associated with T-cell exhaustion markers (PD1, PD-L1, CTLAA4,
LAG3, TIM3, GZMB). ICIs are the primary immunotherapeutic strategy. It has been shown that PD-1/PDL-1 controls
the function of TILs, making it one of the essential immune checkpoints. So far, anti-PD-1/PD-L1 has been widely used in
various tumors, including cervical cancer.*®*” However, it is reported that nearly 85% of cancer patients have innate or
acquired resistance to ICIs, which significantly limits their clinical application.” Therefore, it is essential to improve the
response of tumor cells to immune checkpoint inhibitors and cytokines. Merad et al*® demonstrate the limited response of
anti-PD-L1 therapy in a murine melanoma model (B16). However, anti-PD-L1 treatment combined with FLT3LG infusions
reduced tumor growth. As a result of these findings, it was suggested that targeting FLT3LG might enhance immunotherapy
efficacy. In a word, FLT3LG played a valuable function in recruiting and modulating TILs in CESC. It deserves to continue
investigating the molecular mechanism and role of FLT3LG in modulating the TME.

As we know, tumor cells are essential in tumor immune escape and immunotherapy. However, the relationship
between the immune system and CESC has not been fully elaborated. Hence, the relationship between FLT3LG
expression and cytotoxic cells, T cells, Treg cells, active dendritic cells (aDCs), NK CD56dim cells, B cells, Thl
cells, and CD8 T cells need to reveal. Given our findings and the above research reports, whether FLT3LG and those
immune cells are involved in the immune escape in CESC still deserves further exploration.

However, this study has the following limitations. Firstly, the sample of this study is small. Therefore, the sample size
should be expanded in future studies to obtain better reliability and representative of the results and hypotheses.
Secondly, in vivo and in vitro experiments should also explore the function of FLT3LG in CESC and the regulatory
mechanisms of FLT3LG in the CESC microenvironment. We will further validate the projected results via experiments in
future studies.

Conclusion

This study first demonstrated that FLT3LG expression decreased in CESC, also related to poor prognosis based on
various online databases and our cohort. Moreover, ROC and univariate and multivariate cox regression analysis
demonstrated that FLT3LG was a critical predictive biomarker for cervical cancer patients. In addition, our result
suggested that the low levels of FLT3LG would be a valuable biomarker for poor prognosis. What is more, FLT3LG
significantly associated with immune infiltration. Therefore, this present study provides novel insights into understanding
the critical function of FLT3LG. Hence, the low expression of FLT3LG may be a valuable biomarker in CESC patients

linked with immune infiltration.
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