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SUMMARY 

 

Background: Immune dysfunction is involved in the development of cervical cancer. There is lack of causal evi-

dence presenting the effects of immune cells on the risk of cervical cancer (CC).  

Methods: The genetic information of single nucleotide polymorphisms (SNPs) from European descents was em-

ployed and a two-sample Mendelian randomization (MR) strategy was designed. In total, 731 kinds of immune 

cells were included as the exposures. For cervical cancer, the data was from the cohort involving almost 24,0000 

participants. The inverse variance weighted (IVW) approach served as the main strategy for causality inference. 

MR-Egger and weighted median were the alternative methods for comparison. Sensitivity analyses focusing on 

heterogeneity and pleiotropy were then carried out to verify the estimated effects. 

Results: After selecting eligible SNPs for MR analysis, the IVW approach identified a total of 24 immune cell char-

acteristics which were causally correlated with CC at p < 0.05. Among them, six immune cell phenotypes are con-

firmed to be related to an elevated risk of CC, while the remaining eighteen immune cell characteristics demon-

strate protective effects against CC. MR-Egger and weighted median showed comparable results, and the detected 

associations passed the heterogeneity and pleiotropy tests. 

Conclusions: This Mendelian randomization study demonstrated causal associations between immune cells and 

CC, underscoring the intricate interactions of the immune system with CC. The results also provide insights into 

the mechanisms of CC development attributed to immunological regulation and highlight potential therapeutic 

targets for improving immune responses in patients with CC. 

(Clin. Lab. 2026;72:xx-xx. DOI: 10.7754/Clin.Lab.2025.250552) 
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INTRODUCTION 

 

Cervical cancer (CC) is the fourth most common cancer 

in terms of both incidence and mortality in women, with 

an estimated 660,000 new cases and 350,000 deaths, ac-

cording to the global cancer (GLOBOCAN) statistics 

from the International Agency for Research on Cancer 

(IARC) in 2022 [1]. It is also the second leading cause 

of cancer-related mortality in younger women (aged 20 

to 39 years) globally [2]. During the period 1990 to 

2019, China experienced 1,145,534 fatalities attribut-

able to CC [3], and the situation of CC prevention and 

control is still not optimistic. Therefore, it is necessary 

and urgent to seek effective strategies for disease pre-

vention. 

Immunotherapy has emerged as one of the promising 

approaches to enhance treatment outcomes, given that 

CC is largely linked to persistent human papillomavirus 

(HPV) infection. Recent advancements in immunothera-

py have focused on various strategies, including im-

mune checkpoint inhibitors (ICIs), therapeutic vaccines, 

and novel combinatorial approaches. For instance, 

studies have shown that ICIs, like PD-1 or PD-L1 inhib-

itors, are effective in treating advanced CC [4]. Besides, 

research of therapeutic vaccines aimed at HPV E6 and 

E7 antigens is underway, with the potential to enhance 

cell-mediated immunity and improve patient outcomes 

[5]. In addition, personalized immunotherapy is pro-

spective by identifying neoantigens derived from tumor-

specific mutations and targeting them to further elicit a 

robust immune response to improve the treatment effec-

tiveness [6]. The integration of biomarker-driven strate-

gies, such as assessing PD-L1 expression and tumor-in-

filtrating lymphocytes, has also been shown to predict 

responses to immunotherapy, allowing for more tailored 

treatment plans [4,7]. Taken together, the results of the 

studies mentioned above indicate the involvement of 

immune dysregulation in CC. 

However, implementation of immunotherapy still re-

mains challenging for CC, especially in low-resource 

settings which lack effective disease screening and vac-

cination programs. Furthermore, ongoing research is es-

sential to understand the mechanisms of immunothera-

py resistance and to develop strategies to overcome the 

barrier to improve the efficacy of these promising thera-

peutic options [8]. Studying the connection between im-
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mune cells and CC will contribute to exploring the im-

mune mechanisms of CC. Currently, there is still limit-

ed research on the association between immune cells 

and the risk of CC in a causal way. Although the major-

ity of studies have characterized immune infiltration in 

CC, the causal impact of immune cell traits on CC risk 

has not been well established. 

A statistical strategy, named Mendelian randomization 

(MR), is employed to figure out associations between 

exposures and health-related outcomes in a causal way 

[9]. To simulate the conditions of random allocation in 

randomized controlled traits (RCTs), the MR technique 

exploits single nucleotide polymorphisms (SNPs) 

known as genetic variants tightly related to the exposure 

level as instrumental variables (IVs). This technique 

enables the inference of causalities free from confound-

ing factors and refrains from reverse causation [10]. 

Therefore, by using MR restricted to European popula-

tions, this study aimed to explore the causalities be-

tween different types of immune cells and CC. The re-

sults might add evidence on the immune mechanisms of 

CC. 

 

 

MATERIALS AND METHODS 

 

Study design 

The design of the study was a two-sample MR frame-

work to systematically investigate causations between 

731 kinds of immune cells and the risk of CC with the 

use of genome-wide association studies (GWAS). Three 

principal presumptions lay the foundation for the validi-

ty of Mendelian randomization (Figure 1): 1) Rele-

vance: IVs are tightly linked to the exposure; 2) Inde-

pendence: IVs are not linked to confounders related to 

the exposure or outcome; 3) Exclusion restriction: The 

outcome should be affected by the IVs only through the 

exposure. We conducted and reported the MR study 

with the standard of Strengthening the Reporting of 

Observational Studies in Epidemiology using MR 

(STROBE-MR) [11,12]. There was no need for ethical 

clearance or informed consent as they have been dis-

closed in the primary GWAS.  

 

Data sources 

GWAS data of circulating 731 immune cells 

This study utilized the GWAS information of 731 im-

mune cells from the research undertaken by Zhao and 

colleagues, with 3,757 European participants included 

[13]. In this GWAS, all the 731 immune cells were 

grouped into seven categories, including B cells, mature 

T cells, regulatory T cells (Treg cells), monocytes, con-

ventional dendritic cells, myeloid cells, TBNK cells. 

Specifically, the genetic information could be retrieved 

in the GWAS Catalog database (ID: GCST90001391-

GCST90002121) and the University of Bristol (https:// 

data.bris.ac.uk/data/dataset).  

Detailed information on the immune cells is shown in 

Supplementary Table 1. 

GWAS data of CC 

A comprehensive investigation of over 1,000,000 indi-

viduals yielded summary GWAS data for CC, compris-

ing 909 cases diagnosed with CC and 238,249 controls 

(ID: ebi-a-GCST90018817) [14]. This study performed 

GWAS analysis on over 200 phenotypes across distinct 

races including Europe and East Asia. By meta-analyz-

ing data from the United Kingdom Biobank (UKB) and 

the FinnGen databases, this GWAS study revealed 

about 5,000 novel loci. To avoid population heterogene-

ity, only data derived from European descent was used 

in our study.  

 

Selection of IVs 

The SNPs used as IVs were selected at p < 5 × 10-5 to 

satisfy the first MR assumption, which requires a signi-

ficant correlation between SNPs and the immune cell 

phenotypes [15]. To make sure that the SNPs were in-

dependent of each other, we then conducted clumping at 

linkage disequilibrium (LD) of r2 < 0.01 within the ge-

netic distance of 1,000 kb. Following earlier studies, the 

R2 values representing the degree of explanation and F 

statistics representing the statistical strength for each of 

the SNPs were computed in the exposure cohort [16]. 

The formula for calculating r2 is as follows: r2 = 2 × 

maf × (1-maf) × beta2, where “maf” refers to minor al-

lele frequency and “beta” refers to the GWAS estimate 

for single SNP exerted on exposures. The formula for 

the calculation of F-statistics is F = beta2/se2, where 

“se” refers to the standard error for the beta value [17].  

 

Statistical analysis 

A common reliable MR analysis technique used for our 

primary study was the inverse variance-weighted (IVW) 

method [18]. Specifically, the random-effects model of 

the IVW method was adopted as it balances heterogene-

ity to some extent. Additionally, we carried out secon-

dary analyses utilizing the Egger regression model [19] 

and the weighted median approach [20]. Excepting for 

various MR models utilized, we also performed sensi-

tivity analyses using different methods. We assessed the 

possible influence of horizontal pleiotropy by examin-

ing the MR-Egger regression's intercept value [19]. We 

also evaluated heterogeneity utilizing Cochran's Q test 

[21]. At a significance threshold of a two-tailed α = 

0.05, the MR analysis results were displayed as odds ra-

tios (ORs) with their matching 95% confidence inter-

vals (CIs). The "TwoSampleMR" package was utilized 

to undertake all MR analyses within the R software 

(version 4.2.1, R Foundation for Statistical Computing, 

Vienna, Austria). 

 

 

RESULTS 

 

Overview of the IVs 

After filtering, 18,521 SNPs for 731 immune cells were 

utilized for the ultimate MR analysis (Supplementary 

Table 2), with the F-statistics varying from 19.548 to 
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Figure 1. The three key assumptions of MR. MR Mendelian randomization. 

 

 

 

 

 

 

 
 

 
 

Figure 2. The flowchart graph of our study. 

 

 

 

3,161.455, suggesting all the IVs were sufficient in sta-

tistical strength. The research design workflow is shown 

in Figure 2 and all the results are presented in Figure 3 

and Supplementary Table 3. 

Immune cells and an increased risk of CC 

At the significance of p < 0.05 for the IVW method, we 

detected that CD66b on CD66b++ myeloid cell (OR: 

1.111, 95% CI: 1.038 - 1.190, p = 0.002), CD39+ acti-
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Figure 3. MR analysis results with IVW, MR Egger, and WM methods indicated a causal association between 731 immune 

cells and CC.  
 

IVW inverse variance weighting, WM weighted median, OR odds ratio. 

 

 

 

 

vated Treg %activated Treg (OR: 1.246, 95% CI: 1.065 

- 1.458, p = 0.006), CD28 on CD45RA- CD4 not Treg 

(OR: 1.182 , 95% CI: 1.043 - 1.340, p = 0.009), CD20 

on IgD+ (OR: 1.109, 95% CI: 1.010 - 1.218, p = 0.030), 

CD14 on Mo MDSC (OR: 1.068, 95% CI: 1.006 - 

1.134, p = 0.032), and CD8 on CD28+ CD45RA+ 

CD8br (OR: 1.095, 95% CI: 1.002 - 1.197, p = 0.045) 

showed a significant association with an elevated CC 

risk and MR Egger approach also showed analogous re-

sults (Figure 4). 

 

Immune cells and a decreased risk of CC 

At the significance of p < 0.05 for the IVW method, we 

detected HLA DR+ CD8br %T cell (OR: 0.893, 95% 

CI: 0.838 - 0.952, p = 0.0005), CD25 on sw mem (OR: 

0.855, 95% CI: 0.768 - 0.952, p = 0.004), CD25 on 
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Figure 4. The forest plot demonstrated causal associations between six identified immune phenotypes and the risk of CC inci-

dence with IVW and MR Egger methods. 

 

 

 

 

IgD+ CD38dim (OR: 0.897, 95% CI: 0.832 - 0.966, p = 

0.004), CD3 on CD39+ activated Treg (OR: 0.907, 95% 

CI: 0.842 - 0.978, p = 0.011), HLA DR+ CD8br AC 

(OR: 0.926, 95% CI: 0.873 - 0.983, p = 0.011), CD45 

on CD33br HLA DR+ CD14dim (OR: 0.933, 95% CI: 

0.884 - 0.985, p = 0.012), CD3 on HLA DR+ T cell 

(OR: 0.929, 95% CI: 0.876 - 0.986, p = 0.015), CD19 

on IgD+ CD38- unsw mem (OR: 0.923, 95% CI: 0.865 

- 0.985, p = 0.016), CD25 on CD45RA+ CD4 not Treg 

(OR: 0.908, 95% CI: 0.838 - 0.985, p = 0.020), CD25 

on IgD+ CD24+ (OR: 0.919, 95% CI: 0.855 - 0.988, p = 

0.022), Activated & resting Treg % CD4 Treg (OR: 

0.929, 95% CI: 0.870 - 0.992, p = 0.028), CD4+ 

CD8dim AC (OR: 0.882, 95% CI: 0.789 - 0.987, p = 

0.029), HLA DR+ CD8br %lymphocyte (OR: 0.912, 

95% CI: 0.839 - 0.991, p = 0.030), CD45 on HLA DR+ 

T cell (OR: 0.905, 95% CI: 0.826 - 0.992, p = 0.032), 

CD20 on IgD+ CD38- unsw mem (OR: 0.880, 95% CI: 

0.781 - 0.992, p = 0.036), HLA DR+ T cell AC (OR: 

0.934, 95% CI: 0.876 - 0.996, p = 0.039), CD39+ 

CD8br %CD8br (OR: 0.897, 95% CI: 0.809 - 0.996, p = 

0.041), TD CD4+ %T cell (OR: 0.911, 95% CI: 0.831 - 

0.998, p = 0.045) presented a significant relationship 

with a reduced CC risk (Figure 5). The MR-Egger re-

gression model and the weighted median model also 

produced comparable estimates (Supplementary Table 

3). 

 

Sensitivity analysis 

No evidence of heterogeneity or directional pleiotropy 

in the relationships of immunophenotypes with CC was 

detected by the results observed in the Cochran's Q-test 

of the IVW model and MR-Egger regression, as well as 

the intercept test results of the Egger regression model. 

These results are presented in Supplementary Table 4 

and Table 5. 

 

 

DISCUSSION 

 

In this study, we found that in three immune traits 

(MFI, relative count, and absolute count), a total of 24 

immune cell characteristics were causally correlated 

with CC. Among them, six immune cell phenotypes are 
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Figure 5. After using the IVW and MR Egger approaches, the forest plot illustrated that eighteen immune phenotypes showed 

a significant relationship with a reduced CC risk. 

 

 

 

 

confirmed to be related to an elevated risk of CC, and 

eighteen immune cell characteristics demonstrate pro-

tective effects against CC. 

It has been reported that in the CC development and 

progression, circulating immune cells occupy a critical 

part, especially involved in the immune evasion mecha-

nisms linked with human papillomavirus (HPV) infec-

tion. Prior studies have reported that various subsets of 

immune cells, including natural killer (NK) cells and 

regulatory T cells (Tregs), are remarkably altered in CC 

patients, influencing tumor behavior and patient out-

comes [22-24]. 

For Treg cells, CD25 is currently a widely recognized 

marker [25]. Sakaguchi and colleagues first reported the 

immunosuppressive and immune-regulatory functions 

of Treg cells [26]. In regulatory CD4+T cells, CD25 

primarily participates in the process of differentiation 

and proliferation. In Treg cells that simultaneously ex-

press CD4 and CD25, CD25 is an essential ingredient 

of the IL-2 receptor that holds the functions of immuni-

ty regulation. Specifically, the structure of IL-2 changes 

when it binds to the receptor to prepare for formatting 

the IL2Rα/β/γ and IL-2 tetramer, thereby inducing the 

downstream reactions, including MAPK, PI3K/Akt/ 
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mTOR, and JAK/STAT5 signaling pathways [27]. Be-

sides, Shang et al. reported that in different types of tu-

mor microenvironments (TME) the Treg cell numbers 

were elevated and demonstrated a positive association 

with poor tumor prognosis [28]. Though CD25 is pre-

dominantly presented on activated T cells, some B cell 

subgroups also express it for distinct functions. The ex-

pression of CD25 marks that B cells have been stimu-

lated and activated to produce IL-2 or other particular 

antibodies. In addition, the activated B cells in TME 

play an anti-cancer role by facilitating M1 polarization 

of macrophages and recruitment of effector T cells [29]. 

Our MR analysis showed a negative correlation be-

tween CD25 on sw mem, CD25 on IgD+ CD38dim, and 

CD25 on IgD+ CD24+, and the CC risk. However, de-

tailed mechanisms for the anti-cancer efficacy of CD25-

marked B cells remain blank. Therefore, the observed 

results in the current research furnish a theoretical foun-

dation for future investigations. 

HLA-DR is predominantly expressed on antigen-pres-

enting cells like macrophages, B cells, and dendritic 

cells. It pertains to the class II major histocompatibility 

complex (MHC II) and is a part of the human leukocyte 

antigen system. The HLA-DR molecules are involved 

in immune response with the critical feature of present-

ing the T cells with antigenic peptide fragments [30]. 

The association between HLA-DR and CC has been the 

subject of extensive research. Several studies have iden-

tified specific HLA-DR alleles that contribute to the de-

velopment of CC, particularly in populations with vary-

ing genetic backgrounds. For instance, a meta-analysis 

concluded that certain HLA-DRB1 haplotypes are signi-

ficantly related to CC risk in Chinese. Moreover, a sys-

tematic investigation of the HLA-DP region also re-

vealed associations with CC susceptibility, suggesting 

that HLA-DP polymorphisms might contribute to the 

pathogenesis of this disease [31]. In addition, HLA-DR 

also influences the effectiveness of immune surveillance 

against tumor cells in TME [32]. The above-mentioned 

contents suggest HLA-DR as a biomarker for predicting 

CC progression and response to therapies. Our work 

further suggests an impeding impact of HLA-DR on CC 

development by targeting the TBNK panel. In the con-

ditions of chronic inflammation, the expression of 

HLA-DR on monocytes was decreased, indicating its 

potential for immunosuppression that enhances the cur-

rent results [33].  

In immune response, TBNK (T cell, B cell, and Natural 

Killer cell) cells play a crucial part, and their interaction 

with tumor cells can significantly influence cancer de-

velopment and progression. Prior research showed that 

the activity of TBNK cells in TME can influence the be-

havior of CC cells, particularly if they are infected by 

human papillomavirus (HPV). The capabilities of T 

cells depend on the molecules expressed in them. In de-

tail, CD4+T cells mainly participate in generating cyto-

kines, whereas the CD8+T cell subset directly eradi-

cates target cells. To this end, increased CD4+CD8+T 

cell levels are expected to hinder tumor development 

and exacerbation. This is in line with the results of the 

current study. In addition, B cells play an intricate role 

in the development and progression of CC. Specifically, 

B cells influence both tumor immunity and TME with 

their capabilities to produce cytokines, interact with 

Tregs, and function as antigen-presenting cells, which 

underscores their potential as targets for tumor immuno-

therapy. Understanding the dual roles of B cells in CC 

would help facilitate novel strategies for enhancing anti-

tumor immunity to achieve more favorable outcomes 

for patients. 

Our findings indicate that CD39+ activated Treg % acti-

vated Treg augments the risk of CC, whereas the CD3 

on CD39+ activated Treg phenotype manifests a pre-

vention efficacy. The two kinds of immune cells pres-

ented divergent impacts though they belong to the same 

cellular subgroup, which we consider to be attributed to 

distinct markers on the cells. In patients with CC, ex-

pression of CD3 might afford a protective role as it en-

gages in signaling pathways and mediates the response 

to inflammation. This observation aligns with results 

from recent explorations showing improved overall sur-

vival in patients diagnosed with CC benefiting from a 

higher density of CD3+ tumor-infiltrating lymphocytes 

(TILs) [34]. This suggests that CD3+ T cell infiltration 

might be a hallmark of activated immune response 

which consequently protects against tumor progression. 

Besides, the reduction of CD3+ T cells might also par-

tially contribute to the immune evasion mechanisms in 

which Tregs suppress the activity of effector T cells in-

cluding those expressing CD3 [35]. In addition, a study 

reported that closer distance between CD3+ cell and 

PD-L1+ tumor cell might enhance the effectiveness of 

ICIs in CC treatment [36]. In line with the existing liter-

ature, the current findings enhance evidence for promis-

ing therapeutic strategies focusing on the modulation of 

CD3+ T cell responses to improve anti-tumor immunity 

in CC patients. 

We noticed in our MR analysis that CD20 on IgD+ ex-

erted a detrimental impact, while CD20 on IgD+ CD38- 

unsw mem displayed a protective effect. CD38 is ex-

pressed on various immune cells including TBNK cells, 

and is involved in the activation and regulation of im-

mune responses [37]. It is a glycoprotein serving as an 

enzyme and receptor that plays a critical role in various 

cellular processes containing calcium influx regulation, 

cell signaling, immune response, and so on. Its role in 

the cancer biology, especially in CC, is complicated and 

multifaceted. Studies have shown that the immune mi-

croenvironment in tumors could be influenced by 

CD38. For instance, the high level of CD38 in TME has 

been linked to immunosuppressive conditions, which 

might promote tumor progression by impeding efficient 

anti-tumor immunity [38]. Deshpande et al. also observ-

ed that the presence of CD38+ immune cells in TME 

was correlated with a poor prognosis in patients with 

CC, and the immune evasion mechanism is the possible 

explanation [39]. Moreover, Liao and colleagues have 

demonstrated CD38 promoted the proliferation and in-
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hibited the apoptosis of cervical cancer cells through af-

fecting the mitochondria functions [40]. 

Taken together, these results are concordant with our re-

sults showing that CD38-negative immune cells predict-

ed a lower risk of CC. Notably, recent research has also 

emphasized the potential of targeting CD38 for cancer 

immunotherapy. Specifically, inhibitors of CD38 are 

now being studied for their ability to enhance anti-tu-

mor immunity and improve therapeutic outcomes in 

various cancers, including CC [41]. 

The study has several limitations. First, the results re-

ported in this work mainly come from genetic data of 

European populations, which might limit their general-

izability to other ethnic groups. Thereby, the scope of 

cases and populations covered should be expanded to 

verify the generalizability of the conclusions in future 

studies. Second, owing to the data availability, stratified 

analyses were unable to be conducted, potentially ne-

glecting variations in different gender or age subgroups. 

Finally, while the two-sample MR design would help a 

lot in addressing the issue of causation [42], the under-

lying biological mechanisms should be taken into con-

sideration when interpreting MR results. To this end, 

the substantial causal relationships between immune 

features and CC require further triangulation validations 

in cell lines, animal models, and clinical trials. 

In conclusion, this Mendelian randomization study 

demonstrated causal associations between immune cells 

and CC, underscoring the intricate interactions of the 

immune system with CC. The results also provide in-

sights into the mechanisms of CC development attri-

buted to immunological regulation and highlight poten-

tial therapeutic targets for improving immune responses 

in patients with CC. 
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