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ABSTRACT 

 

Cytotoxic CD4+ T cells eliminate human cytomegalovirus (HCMV)-infected cells through 

direct cytotoxic granules exocytosis. We aimed to evaluate the functional cytotoxic gene profile of 

CD4+ T cells alongside the frequency of the cytotoxic phenotype in renal transplant recipients with 

cytomegalovirus reactivation.  

Blood samples were collected from twenty renal recipients with and without HCMV 

reactivation (HCMV+ and HCMV- groups) and ten healthy adults (control group). CD4+ T cells 

were isolated to assess the frequency of cytotoxic CD4+ T cells via CD107a surface staining using 

flow cytometry and to evaluate gene expression of perforin, granzyme B, Runt-related transcription 

factor 3 (RUNX3), and Eomesodermin (Eomes) by quantitative PCR.  

The frequency of CD4+ CD107a+ T cells was higher in the HCMV+ group compared to the 

HCMV- group and significantly higher than in the control group (22.69 ± 3.47 vs 16.41 ± 2.24 and 

11.60 ± 1.17, respectively). Perforin gene levels were reduced in the HCMV+ group compared to 

the other two groups, while granzyme B gene levels were similar between HCMV+ and HCMV- 

groups but lower than in the control group (0.63 ± 1.24 vs 0.67 ± 2.27 and 1.00 ± 0.00, respectively).  

This study demonstrated an increased frequency of cytotoxic CD4+ T cells with potentially 

reduced functionality in kidney transplant patients with HCMV infection. It also suggests that these 

cells might employ other mechanisms, such as death receptor-mediated killing, or the production 

of other granules. 
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INTRODUCTION 

 

Human cytomegalovirus (HCMV) can cause severe 

morbidity and even mortality in organ transplant 

recipients, persisting in the host’s body for life.1,2,3,4 

CD4+ cytotoxic T lymphocytes (CTLs) play a crucial 

role in eliminating chronic HCMV infections by 

releasing cytotoxic granules, such as granzyme B and 

perforin.1,5,6,7 Granzyme B is abundant in these granules, 

while perforin facilitates their entry into target cells.5,8,9  

The CD107a degranulation marker is used to identify 

CD4+ CTLs.10 These cells also upregulate Runt-related 

transcription factor 3 (RUNX3) for differentiation and 

Eomesodermin (Eomes) for granzyme B and perforin 

production.5,6,10 After the primary HCMV infection 

resolves, CD4+ CTLs producing perforin and granzyme 
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B expand in the host.1,5,6 CD107a mobilization and 

granzyme B production are two significant features of 

these cells in HCMV seropositive healthy and 

transplanted individuals.1,5,11 

The quality of CD4+ CTL responses and their ability 

to home to infected tissues are critical for resolving 

HCMV infection.12 Effective responses involve the 

upregulation of granzyme B and perforin genes, 

suggesting that a deficiency in cytotoxic granule 

production may hinder HCMV elimination.5,12 CD4+ 

CTLs migrate to peripheral infected tissues, where 

inflammatory signals and antigens support their 

differentiation and function.1,5,10 HCMV can persist 

latently and reactivate in multiple tissues, causing 

localized infections such as pneumonitis and colitis. To 

resolve these infections and prevent systemic spread, 

circulating CD4+ T cells must migrate from the blood to 

the infected tissue, perform their effector functions, and 

establish residency as tissue-resident cells.13,14  

The lamina propria of various organs (e.g., lung and 

intestine) hosts CD4+ CTL precursors (CRTAM+ CD4+ 

T cells), which are predominantly found in murine 

models of infection.1,5,10 In the gut mucosa, CD4+ T cells 

often differentiate into CD4+ CTLs, acquiring RUNX3 

expression over ThPOk.15 The bowel and lung are 

common sites for HCMV reactivation.16 Evidence 

shows that perforin-producing CD4+ CTLs are the 

predominant cytotoxic T cells in the skin of the elderly, 

eradicating HCMV-infected fibroblasts.12  

Cytotoxic CD4+ T cells migrate through the 

expression of various chemokine receptors.1,10 In 

particular, CC chemokine receptor 10 (CCR10) directs 

T cells to mucosal surfaces and skin in response to 

chemokines CCL28 and CCL27. The mucosal-

trafficking CCR10+ T cells typically reside in the 

epithelial cells of tissues such as the gut and airways, 

where they act as their effector sites.17,18  

To determine an individual’s ability to combat 

HCMV, it is essential to evaluate the functional 

characteristics of CD4+ CTLs and their migration to 

mucosal sites, rather than just their frequency. Our study 

employs a comprehensive assessment that combines 

these aspects to provide a more precise evaluation of the 

immune response against HCMV. We simultaneously 

examined the production of granzyme B and perforin at 

the molecular level, along with changes in the frequency 

of CCR10-expressing CD4+ CTLs using real-time PCR 

and flow cytometry. Furthermore, we analyzed the gene 

expression of transcription factors RUNX3 and Eomes 

to identify any differences in the differentiation or 

functional status of CD4+ CTLs, providing deeper 

insights into their role in fighting HCMV. 

 

MATERIALS AND METHODS 

 

Study Subjects 

To ensure consistency among enrolled participants, 

criteria including age, donor/recipient serostatus, type of 

transplantation, and post-transplant duration were 

considered. Twenty HCMV seropositive adults (≥18 

years) who had undergone kidney transplantation at least 

six months prior and received organs from seropositive 

donors (D+/R+) at Abu-Ali Sina Hospital, Shiraz, Iran, 

were enrolled in the study. The ethics committee of 

Shiraz University of Medical Sciences approved the 

study, and informed consent was obtained from each 

participant. Additionally, ten seropositive individuals 

from the Iranian Blood Transfusion Organization, who 

had not undergone transplantation and had no infections, 

were enrolled as a healthy control group. 

HCMV DNAemia, assessed by real-time PCR, was 

used to categorize kidney recipients into two groups. Ten 

recipients who became HCMV DNAemic, with DNA 

levels of 10,000 copies/mL in their whole blood were 

categorized as the HCMV+ group. The other ten recipients, 

who had no detectable HCMV DNAemia during the same 

period, were classified as the HCMV- group.  

Samples from different groups were collected 

simultaneously, with HCMV DNA assessed immediately 

afterward. The standard immunosuppressive regimen for 

kidney recipients included prednisolone (10 mg daily), 

mycophenolate mofetil (500 mg daily), and tacrolimus (2 

mg daily). Neither the HCMV+ nor the HCMV- group 

received ganciclovir or valganciclovir treatment at the 

time of sampling. Recipients who were co-infected with 

other viruses (BK, HCV, HIV, and HBV), those who had 

undergone a second organ transplant, or those receiving 

antiviral therapy (ganciclovir or valganciclovir) were 

excluded from the study 

 

Blood Collection, Processing, and Viremia Detection  

Blood samples were collected in EDTA tubes. To 

determine HCMV viremia, plasma was isolated from the 

blood by centrifugation, and HCMV DNA was then 

extracted using the Sinaclon DNP extraction kit (Iran) 

according to the manufacturer’s protocol. For viral load 

quantification, a mixture consisting of master mix  

(15 µL), internal control (1 µL), and DNA (5 µL) was 
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used to target exon four of the IE antigen with the 

GeneProof Cytomegalovirus PCR Kit (Czechia). A 

standard curve was generated from a series of standard 

solutions provided in the kit to quantify the HCMV load.  

Real-time PCR was performed using the 

StepOnePlus instrument (Applied Biosystems, USA) 

with a two-step program. The protocol included an 

initial hold step of 2 minutes at 37℃, followed by 10 

minutes at 95℃. The amplification step consisted of 45 

cycles, each comprising 5 seconds at 95℃, 40 seconds 

at 60℃, and 20 seconds at 72℃. 

The remaining blood was used to isolate peripheral 

blood mononuclear cells (PBMCs) through density 

gradient centrifugation using Ficoll (Inno-Train, 

Germany) according to the manufacturer’s instructions. 

The isolated PBMCs were then cryopreserved in liquid 

nitrogen using a cryopreservation medium composed of 

10% dimethyl sulfoxide (DMSO) (Merck, Germany) 

and 90% fetal bovine serum (FBS) (Merck, Germany) 

for subsequent analysis. 

 

Purification of CD4+ T Cells from PBMCs 

To assess the differences in the frequency of 

CD4+CD107a+ cytotoxic T cells, the Miltenyi CD4+ T cell 

isolation kit (Bergisch Gladbach, Germany) was used to 

negatively isolate CD4+ cells from cryopreserved PBMCs 

using an LS column. The purity of the isolated CD4+ T 

cells was then evaluated by staining with CD3 (PE, OKT3 

clone) and CD4 (PerCp/Cy5.5, OKT4 clone) antibodies 

(BioLegend, USA). The CD3+CD4+ T cell populations 

with a purity greater than 95%, as determined by flow 

cytometry (FACSCalibur, BD Pharmingen, USA), were 

considered for further analysis.  

 

Degranulation Assay and Flowcytometry 

For CD107a surface protein staining, 2×106 isolated 

CD4+ T cells were suspended in 2 ml of RPMI 1640 

medium (Biosera, France) and distributed equally into 2 

wells of a 24-well plate, with 1×106 cells per well. The 

RPMI 1640 medium was supplemented with 

Penicillin/Streptomycin (100 U/mL, Biosera, France), 

10% fetal bovine serum, and 2mM L-glutamine (Gibco, 

USA). To the first well, Phorbol Myristate Acetate 

(PMA)/Ionomycin (2 L) (Cell Activation Cocktail, 

BioLegend, USA) and CD107a antibody (Alexa Fluor 

488, H4A3 clone) (BioLegend, USA) were added to 

stimulate and stain the purified CD4+ T cells. For the 

unstimulated control, dimethyl sulfoxide (2 L) and 

CD107a antibody were added to the second well. The 

plate was incubated at 37°C with 95% humidity and 5% 

CO2 for 6 hours. After one hour of incubation, Monensin 

(GolgiStop, BD Pharmingen, USA) was added to both 

wells as a protein transport inhibitor. 

After incubation, the cells from both wells were 

rinsed with RPMI 1640, and their viability was assessed 

using trypan blue under a microscope. The cells were 

then distributed into flow cytometry tubes designated for 

stimulated and unstimulated samples. In both tubes, the 

cells were stained with a CCR10 antibody (PE, 6588-5 

clone) (BioLegend, USA) in flow cytometry buffer 

(PBS + 1% FBS) and incubated for 15 minutes at 4°C. 

Finally, the samples were analyzed using a 

FACSCalibur flow cytometer (BD Pharmingen, USA), 

and the data were processed with FlowJo software 

(version 10.5.3, Tree Star Inc., Ashland, USA). 

Propidium iodide (Sigma, Germany) was used to assess 

the viability of the isolated CD4+ T cells. Isotype 

controls, Armenian hamster IgG (PE, HTK888 clone) 

and mouse IgG2b, κ (Alexa Fluor 488, MPC-11 clone) 

(BioLegend, USA), were used to validate the gating 

strategy and antibody specificity. 

 

Transcription Factors and Cytotoxic Granules 

Expression Profiling 

The CD4+ T cells were processed with RiboEx LS total 

RNA solution (GeneAll, Korea) to extract total RNA 

according to the manufacturer’s instructions. The extracted 

RNA was then used to synthesize cDNA with the NG 

dART RT Kit (EURx, Gdańsk, Poland), utilizing a mixture 

of oligo(dT)20 and random hexamer primers. The cDNA 

was subsequently used to analyze the expression of PRF1 

(perforin), GZMB (granzyme B), Eomes, and RUNX3. This 

was achieved using specific primers and the SG qPCR 

Master Mix (EURx, Gdańsk, Poland) on a StepOnePlus 

instrument (Applied Biosystems, USA).  

The quantitative PCR conditions included an initial 

denaturation step at 95℃ for 10 minutes, followed by 40 

cycles, each consisting of denaturation at 95°C for 15 

seconds, annealing at 60°C for 30 seconds, and 

extension at 72°C for 30 seconds. Details on the primer 

sequences and reaction mixture composition are 

provided in the Supplementary Table. Glyceraldehyde-

3-phosphate dehydrogenase (GAPDH) was used as a 

reference gene for normalizing gene expression. The 

data were analyzed using the Livak method (2−ΔΔCt). 
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Statistical Analysis 

Data analysis and graph generation were performed 

using IBM SPSS Statistics (version 27.0, SPSS Inc., 

Chicago, IL, USA) and GraphPad Prism (version 8.4.3, 

GraphPad Software, San Diego, CA, USA), 

respectively. To compare the characteristics of the three 

study groups, the Kruskal-Wallis test was used. For 

comparisons between the two study groups, the Mann–

Whitney U test and Fisher’s exact test were employed. 

The Spearman correlation coefficient was used to 

evaluate the correlation between two continuous 

variables. All data are presented as the mean ± SEM 

(standard error of the mean), with meaningful 

differences determined by a p value of less than 0.05. 

 

RESULTS 

 

Baseline Characteristics of Study Groups 

The baseline clinical characteristics and demographic 

data of transplanted subjects are summarized in Table 1.  

 
Table 1. Baseline characteristics of kidney recipients. 

Variable HCMV- (n=10) HCMV+ (n=10) p 

Age at the time of sampling 

(Year) # 
38.10 ± 4.80 53.40 ± 4.27 0.02 

Sex†† 

Male 

female 

 

6 (60%) 

4 (40%) 

 

8 (80%) 

2 (20%) 

0.06 

Living donor Tx†† 

Related 

Unrelated 

3 (30%) 

1 (10%) 

2 (20%) 

2 (20%) 

1 (10%) 

1 (10%) 

>0.99 

Dialysis prior to Tx†† 5 (50%) 7 (70%) 0.64 

Types of dialysis†† 

HD 

PD 

 

4 (40%) 

1 (10%) 

 

7 (70%) 

0 

ND 

Time on dialysis (Months) # 15.20 ± 6.61 24.33 ± 3.76 0.23 

ESRD aetiology†† 

Hypertension 

Diabetes mellitus 

Glomerulonephritis 

 

9 (90%) 

0 

1 (10%) 

 

 7 (70%) 

2 (20%) 

0 

ND 

HCMV viral load (copy/mL) <50 for all >104 for all ND 

n: number; Tx: transplantation; HD: haemodialysis; PD: peritoneal dialysis; ESRD: end stage 

renal disease; ND: not determined; P: patients; # Results demonstrated as mean ± SEM;  

†† Results demonstrated as number (% of patients in the corresponding group); * p≤0.05. 

 
During the study period, 19 males and 11 females (out of 

30 subjects) were categorized into three groups: 10 in the 

HCMV+ group, 10 in the HCMV- group, and 10 in the 

control group. All subjects were HCMV IgG seropositive. 

The transplanted groups (HCMV+ and HCMV-) consisted 

of 14 males (70%) and 6 females (30%), while the control 

group comprised 5 males (50%) and 5 females (50%). The 

mean age at the time of sampling was 45.75 ± 3.58 years 

for the transplanted subjects and 38.70 ± 3.00 years for the 

control subjects. Notably, the mean age of subjects in the 

HCMV+ group was significantly higher than that in both 

the HCMV- and control groups (53.40 ± 4.27 vs 

38.10 ± 4.80; p = 0.02 and 38.70 ± 3.00; p = 0.01, 

respectively). All kidney recipients had ABO-compatible 

transplants, with 25% receiving organs from living donors 

(10% related and 15% unrelated). In the HCMV+ group, 

the mean viral load was 697,067.80 ± 420,694.675 

copies/mL, based on HCMV DNAemia results. 

 

Frequency of CD4+ CD107a+ T cells  

After gating on the CD4+ T lymphocytes (Figure 1A) 

and verifying their purity (Figure 1B), the population of 

cytotoxic CD4+ T cells expressing CD107a was evaluated 

across the different study groups (Figure 1C). The 

analysis revealed that the percentage of degranulating 

CD4+ T cells was higher in the HCMV+ group compared 
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to the HCMV- group, and significantly higher than in the 

control group (22.69 ± 3.47 vs 16.41 ± 2.24; p = 0.19 and 

11.60 ± 1.17; p = 0.01, respectively). The HCMV- group 

also showed a higher percentage of degranulating CD4+ T 

cells compared to the control group (16.41 ± 2.24 vs 

11.60 ± 1.17; p = 0.37), although this difference was not 

statistically significant (Figure 1D). 

 

Frequency of Mucosal Tissue Migrating CD4+ 

CCR10+ CD107a T Cells  

Next, we investigated the frequency of the mucosal 

tissue-migrating subset of cytotoxic CD4+ cells (CD4+ 

CCR10+ CD107a+ T cells). Cells positive for both CCR10 

and CD107a proteins (inside the red dashed line) were 

evaluated across the different study groups (Figure 2B). 

The results showed that this population was significantly 

higher in the HCMV+ group compared to the HCMV- and 

control groups (10.48 ± 2.01 vs 5.27 ± 1.29; p = 0.04 and 

3.01 ± 0.65; p = 0.003, respectively). Additionally, the 

HCMV- group had a higher frequency of this cell 

population compared to the control group (5.27 ± 1.29 vs 

3.01 ± 0.65; p = 0.51), although this difference did not 

reach statistical significance (Figure 2C). 

 

Expression Levels of Cytotoxic Granules and 

Transcription Factors Genes 

We examined the gene expression of granzyme B 

(GZMB) and perforin (PRF1) to assess the status of 

cytotoxic granules at the gene level. The data analysis 

revealed that the PRF1 expression level was lower in the 

HCMV+ group compared to both the HCMV- and 

control groups, but the differences were not statistically 

significant (−1.95 ± 1.53 vs −0.60 ± 2.08; p = 0.79 and 

1.00 ± 0.00; p = 0.35, respectively). Additionally, PRF1 

expression was reduced in the HCMV- group relative to 

the control group (−0.60± 2.08 vs 1.00 ± 0.00; p= 0.73). 

Regarding GZMB gene expression, levels were similar 

between the HCMV+ and HCMV- groups but lower 

than those in the control group (0.63 ± 1.24 vs 

0.67 ± 2.27; p = 1.00 and 1.00 ± 0.00; p = 0.98, 

respectively), which was also not statistically significant 

(Figure 3). 

RUNX3 expression levels were comparable between 

the HCMV+ and HCMV- groups but were lower than in 

the control group (−4.91 ± 2.76 vs −5.37 ± 4.20; p = 0.99 

and 1.00 ± 0.00; p = 0.33, respectively). Similarly, 

RUNX3 levels in the HCMV- group were lower than 

those in the control group (−5.37 ± 4.20 vs 1.00 ± 0.00; 

p = 0.28), though this difference was not statistically 

significant. Regarding Eomes expression, levels were 

similar between the HCMV+ group and the control 

group (0.99 ± 1.41 vs 1.00 ± 0.00; p = 1.00, 

respectively). In contrast, Eomes expression was lower 

in the HCMV- group compared to both the HCMV+ and 

control groups (0.40 ± 2.09 vs 0.99 ± 1.41; p = 0.95 and 

1.00 ± 0.00; p = 0.95, respectively) (Figure 3). 

 

Correlation Between Cytotoxic Genes  

We investigated the expression of cytotoxic genes in 

transplanted groups to determine potential correlations 

between them. Our analysis revealed a positive 

relationship between GZMB and PRF1 gene expression 

(r = 0.783, p < 0.001). Both GZMB and PRF1 also 

showed positive correlations with Eomes gene 

expression (GZMB with Eomes: r = 0.643, p = 0.002; 

PRF1 with Eomes: r = 0.757, p < 0.001). Additionally, 

PRF1 expression was positively correlated with RUNX3 

expression (r = 0.628, p = 0.003). However, no 

association was observed between GZMB and RUNX3 

(r = 0.420, p = 0.065), or between RUNX3 and Eomes 

(r = 0.439, p = 0.053) (Figure 4). 
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Figure 1. Increased frequency of CD4+ T cells with a cytotoxic phenotype in the HCMV+ kidney transplanted group. Flow 

cytometry analysis was performed to evaluate the frequency differences of CD4+ CD107a+ T cells among the study groups. A: 

CD4+ T lymphocytes were initially gated using side scatter and forward scatter (black circle). B: CD4+ T cell purity was verified 

by identifying cells positive for both CD3 and CD4 surface proteins. A population with more than 95% CD3+CD4+ T cells was 

considered pure CD4+ T cells. Isotype controls were used for gating and to ensure the specificity of antibody staining. C: The 

frequency of degranulating CD4+ CD107a+ T cells was assessed by evaluating CD107a+ cells against side scatter (black 

rectangle) after stimulation with Phorbol Myristate Acetate (PMA)/Ionomycin. An unstimulated control was used to establish 

the baseline frequency and validate the stimulation process. D: Statistical comparison of CD4+ CD107a+ T cell frequencies 

among the study groups was performed using the Kruskal-Wallis test. The baseline frequency of CD4+ CD107a+ T cells was 

subtracted. Horizontal lines on the bars represent the mean, and error bars indicate the standard error of the mean (SEM). 

The black bracket indicates a significant difference between pairs of the study groups. p values: Control vs HCMV- (p = 0.37), 

Control vs HCMV+ (p = 0.01), HCMV- vs HCMV+ (p = 0.19). SSC: side scatter; FSC: forward scatter; Iso: isotype control; 

HC: healthy control; HCMV-: kidney recipients without HCMV reactivation; HCMV+: kidney recipients with HCMV 

reactivation; * statistically significant at p ≤0.05. 
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Figure 2. Increased frequency of mucosal tissue-migrating CD4+ T cells with a cytotoxic phenotype in the HCMV+ kidney 

transplanted group. Flow cytometry analysis was conducted to determine the frequency differences of CD4+ CCR10+ CD107a+ 

T cells among the study groups. A: CD4+ T lymphocytes were gated based on side scatter and forward scatter (black circle) to 

isolate the desired cell population. B: Within the gated CD4+ T cells, the frequency of CCR10+ CD107a+T cells was assessed 

after stimulation with Phorbol Myristate Acetate (PMA)/Ionomycin (red dashed line). An unstimulated control was used to 

establish the baseline frequency and ensure the accuracy of the stimulation process. C: The frequency of CD4+ CCR10+ 

CD107a+ T cells was statistically compared across the different study groups using the Kruskal-Wallis test. The baseline 

frequency of CD4+ CD107a+ T cells was subtracted. Horizontal lines on the bars represent the mean, and error bars indicate 

the standard error of the mean (SEM). Black brackets indicate significant differences between the study groups. p values: 

Control vs HCMV- (p = 0.51), Control vs HCMV+ (p = 0.003), HCMV- vs HCMV+ (p = 0.04). SSC: side scatter; FSC: forward 

scatter; HC: healthy control; HCMV-: kidney recipients without HCMV reactivation; HCMV+: kidney recipients with HCMV 

reactivation; * statistically significant at p ≤ 0.05; ** statistically significant at p ≤ 0.01. 
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Figure 3. Cytotoxic gene expression profile of CD4+ T cells. Quantitative real-time PCR was used to determine the differences 

in cytotoxic gene expression in purified CD4+ T cells among the study groups. The results indicate a decreased expression 

profile of A: perforin (PRF1) B: granzyme B (GZMB), C: Runt-related transcription factor 3 (RUNX3), and D: Eomesodermin 

(Eomes) genes in the transplanted groups compared to the control group; however, the differences were not significant. 

Horizontal lines on the bars represent the mean, and the error bars indicate the standard error of the mean (SEM). Black 

brackets indicate statistical differences between study groups. PRF1 p values: Control vs HCMV- (p = 0.73), Control vs 

HCMV+ (p = 0.35), HCMV- vs HCMV+ (p = 0.79); GZMB p values: Control vs HCMV- (p = 0.98), Control vs HCMV+ 

(p = 0.98), HCMV- vs HCMV+ (p = 1.00); RUNX3 p values: Control vs HCMV- (p = 0.28), Control vs HCMV+ (P =  0.33), 

HCMV- vs HCMV+ (p = 0.99); Eomes p values: Control vs HCMV- (p = 0.95), Control vs HCMV+ (p = 1.00), HCMV- vs 

HCMV+ (p = 0.95). ns: not significant; control: healthy individuals; HCMV-: kidney recipients without HCMV reactivation; 

HCMV+: kidney recipients with HCMV reactivation.  
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Figure 4. Spearman correlation analysis between cytotoxic genes in kidney transplanted groups. The data analysis revealed a 

positive correlation between A: PRF1 and GZMB (r=0.783, p<0.001), B: PRF1 and Eomes (r=0.757, p< 0.001), C: PRF1 and 

RUNX3 (r=0.628, p=0.003), D: GZMB and Eomes (r = 0.643, p = 0.002) genes in cytotoxic CD4+ T cells. No correlation was 

found between E: GZMB and RUNX3 (r=0.420, p = 0.065) and (F) Eomes and RUNX3 (r = 0.439, p = 0.053). The equations of 

the best fit line are shown within the rectangles in the middle of each dot plot. PRF1: perforin; GZMB: granzyme B; Eomes: 

eomesodermin; RUNX3: runt-related transcription factor 3.   
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DISCUSSION 

 

Functional features of immune cells, when combined 

with frequency analysis, provide a more accurate 

assessment of the host’s response to HCMV 

infection.4,19-21 Cytotoxic CD4+ T cells function through 

the secretion of cytotoxic granules to mount protective 

immune responses against HCMV.12 Therefore, we 

evaluated the functionality of CD4+ CTLs by assessing 

the gene expression of key cytotoxic granules (granzyme 

B and perforin) and the transcription factors that induce 

their production (Eomes and RUNX3) in kidney 

recipients with HCMV reactivation. Additionally, we 

examined the frequency of degranulating CD4+ T cells 

and their migratory subset to mucosal tissues by surface 

staining for CD107a protein (CD4+ CD107a+ T cells) 

and the CCR10 chemokine receptor (CD4+ CCR10+ 

CD107a+ T cells). 

Our findings indicate that, despite a higher frequency 

of CD4+ CTLs in HCMV+ kidney recipients compared to 

HCMV- recipients and healthy individuals, these cells 

likely exhibit reduced functionality. Perforin gene 

expression was lower in HCMV+ patients than in the 

other two groups, while a slight reduction in granzyme B 

expression was observed across all transplanted groups. 

No significant differences were detected in Eomes gene 

expression levels among the study groups. However, 

RUNX3 expression levels were reduced in both 

transplanted groups compared to the control group. 

Furthermore, the higher frequency of CCR10-expressing 

CD4+ CTLs in HCMV+ patients suggested their potential 

to migrate to mucosal tissues and skin. Although the gene 

expression differences were not statistically significant, 

discussing the possible reasons for their increase or 

decrease can guide future research efforts. 

HCMV infection typically leads to an upregulation 

of cytotoxic gene profiles in CD4+ T cells, including 

granzyme A, B, H, and perforin.1,22-24 However, there are 

few reports of high CD107a surface mobilization either 

on CD4+ T cells or other cell types, concurrent with a 

defect in cytotoxic granule production in transplanted 

patients.11,19,25 The defect in gene expression of 

granzyme B and perforin in HCMV-specific CD4+ T 

cells has been reported in seropositive transplanted 

patients, although these cells maintained a stable 

cytotoxic phenotype indicated by CD107a surface 

expression over a year post-transplant.19 The increased 

CD107a surface expression, downregulation of perforin, 

and lack of difference in granzyme B gene expression 

that we observed in HCMV+ patients align with these 

studies. Similar results of increased CD107a expression 

have been reported in transplant patients with HCMV 

reactivation, with no differences in perforin gene 

expression observed in NK cells.11 

Evidence indicates no direct link between CD107a 

expression, granule production, and direct target cell 

killing, and CD107a expression may not necessarily 

indicate granzyme degranulation.19,26 In fact, cytotoxic 

CD4+ T cells might produce other granules than perforin 

and granzyme B.19 Therefore, according to our findings 

and existing evidence, we speculate that CD107a surface 

expression may indicate the degranulation capability of 

CD4+ CTLs rather than their overall functional ability to 

kill target cells. To more accurately assess CD4+ T cell 

cytotoxic function, a better approach could involve 

measuring cytotoxic granule production followed by 

killing assays or evaluating other mechanisms such as 

death receptors (e.g., FAS ligand) and cytokine-

mediated killing (e.g., TNF-α or IFN‐γ).19,27 

The observed reduction in RUNX3 expression in 

both transplanted groups in our study contradicts the 

findings of Higdon et al who reported stable RUNX3 

levels in CD4+ T cells over a year post-transplant in 

seropositive heart and kidney recipients.19 This 

reduction may suggest a defect in the acquisition of 

cytotoxic function by CD4+ T cells. Consequently, our 

patients might not be generating new cytotoxic CD4+ T 

cells, and the higher frequency observed in the HCMV+ 

group could reflect the initial cytotoxic population. 

Immunosuppressive drugs used in transplantation and 

HCMV immune evasion strategies may influence 

RUNX3 regulation, necessitating further research for 

clarification. 

RUNX3 regulates Eomes and T-bet, which are key 

transcription factors involved in the production of 

perforin and granzyme B.10,28-30 Eomes are more 

commonly associated with CD4+ CTLs, while T-bet is 

linked to CD8+ T cells.10,31 Reports on Eomes’ role in 

perforin production and cytotoxicity induction in CD4+ 

CTLs are inconsistent.5,6,10,28 Some studies suggest that 

Eomes promotes cytotoxic functionality in CD4+ T cells, 

while others indicate a lesser essential role in inducing 

perforin expression.28,32,33 One study suggests a crucial 

cooperation of RUNX3 with T-bet, rather than Eomes, 

to enable cytotoxic functionality and perforin production 

in CD4+ T cells.28 
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The positive correlation between Eomes and RUNX3 

with perforin in this study, combined with the 

downregulation of RUNX3 and perforin genes (but not 

Eomes) in the HCMV+ group, suggests less 

collaboration between RUNX3 and Eomes and raises the 

possibility of T-bet’s role in perforin induction. Current 

evidence shows that nullifying Eomes does not influence 

granzyme B and perforin expression in HCMV-specific 

CD4+ CTLs while reducing these proteins is affected by 

T-bet knockdown.22 Given the observed correlation 

between Eomes and perforin in our study, we cannot rule 

out the possibility that Eomes contributes to perforin 

production. However, it is possible that the CD4+ T cells 

in our patients did not mature sufficiently, resulting in 

lower perforin levels and the production of other 

granzymes than granzyme B, or they may have 

differentiated from non-Th1 precursors.34,35 Further 

research is needed in both cases. 

CD4+ T cells are categorized into different tissue-

homing subsets based on their expression of various 

chemokine receptors involved in trafficking. Some 

chemokine receptors, such as CCR7, direct CD4+ T cells 

to specific tissues, while others facilitate trafficking 

between multiple tissues.29,36 CD4+ CTLs express 

CCR5, CXCR3, and CX3CR1 for trafficking to 

peripheral tissues and lack CCR7, which limits their 

migration to lymph nodes.1,23,37 The increased frequency 

of CD4+ CCR10+ CD107a+ CTLs and the progressive 

proliferation of the virus in the HCMV+ group suggests 

that these cells are capable of, and are urgently needed 

for, patrolling and homing into inflamed mucosal and 

skin tissues where HCMV can reactivate.  

This study has several limitations. First, we analyzed 

gene expression and phenotype frequency in a small 

population. Expanding the study to include different 

serological transplanted groups and age- and sex-

matched individuals would be beneficial. Second, we 

examined the general cytotoxic population rather than 

specific responses to virus-specific antigens. Third, 

evaluating exhaustion and senescence, characteristics of 

dysfunctional T cells, in these patients could be 

valuable. Markers of these phenomena have been 

reported on the surface of cytotoxic HCMV-specific 

CD4+ CTLs with low granzyme B and perforin 

production, and they are more abundant in older 

individuals than in younger ones.12,20,26,38,39 Given the 

higher average age of our HCMV+ kidney recipients, the 

progressive infection requiring further antiviral therapy, 

and the downregulation of perforin and granzyme B 

genes, we speculate that their CD4+ CTLs might exhibit 

signs of exhaustion or senescence (at least in part), 

warranting further investigation. 

Further research is crucial to determine if CD4+ 

CTLs can become tissue-resident cells within infected 

tissues and whether the tissue microenvironment 

supports RUNX3 expression.  Studying the mechanisms 

regulating RUNX3, T-bet, and Eomes will clarify their 

roles in cytotoxicity induction. Additionally, exploring 

other cytotoxic functions will broaden insights into 

CD4+ CTL functionality during HCMV infection. 

In conclusion, during HCMV reactivation in kidney 

recipients, cytotoxic CD4+ T cell function may decrease 

due to lower levels of cytotoxic granules, despite 

increased frequency and enhanced migration ability to 

mucosal tissues. CD107a surface expression is useful for 

assessing degranulation ability, but it does not fully 

reflect overall cytotoxic functionality, and reduced 

RUNX3 expression suggests a possible impairment in 

the transition from helper to cytotoxic cells. 
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