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Abstract  

Gamma delta (γδ) T cells, particularly the Vδ2⁺ subset, are critical components of the human immune 

system, playing a pivotal role in immunosurveillance against diverse pathogens and tumors. While the immune system 

undergoes well-documented age-related changes, collectively termed immunosenescence, the specific dynamics of 

Vδ2⁺ cells in aging populations, especially within particular ethnic groups, remain underexplored. This preliminary 

cross-sectional study aimed to compare the proportions of circulating Vδ2⁺ T cells between younger adults (18-55 

years) and older adults (>55 years) among healthy Thai individuals. Thirty healthy Thai individuals were recruited, 

stratified into two age groups (n=15 each), and Vδ2⁺ T cell percentages were quantified by flow cytometry of isolated 

peripheral blood mononuclear cells. Statistical analysis, employing the Mann–Whitney U test due to non-normal data 

distribution, revealed a significantly lower median percentage of Vδ2⁺ T cells in older adults (1.75%, interquartile 

range [IQR]: 1.10%-2.29%) compared to younger adults (4.07%, IQR: 3.90%-5.24%), (p = 0.002). These findings 

indicate a significant age-related decline in circulating Vδ2⁺ T cells among healthy Thai individuals. This observed 

reduction holds potential implications for age-related immune competence, possibly increasing susceptibility to 

infectious diseases and certain cancers. The study underscores the necessity for further investigation into the functional 

consequences of this quantitative decline and highlights the importance of establishing population-specific 

immunological reference ranges. 
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1.  Introduction 

Gamma delta (γδ) T cells represent a distinct and unconventional lymphocyte subset that contributes 

significantly to both innate and adaptive immune responses (Clark & Thomas, 2020; Tyler et al., 2015). 

Among the various γδ T cell populations, Vδ2⁺ T cells constitute the predominant subset in human peripheral 

blood, particularly in adults, are commonly paired with the Vγ9 chain (Fonseca et al., 2020; Lawand et al., 

2017). These cells play crucial roles in immunosurveillance by providing protection against bacterial and other 

infectious diseases and by contributing to anti-tumor immunity (Chen & Letvin, 2003; Davey et al., 2018). 

Their unique recognition capabilities, distinct from conventional αβ T cells, position them as important 

mediators in the early stages of immune responses (Hu et al., 2023; Xu et al., 2019).  

The human immune system undergoes considerable alterations with age, a process termed 

immunosenescence, which leads to a decline in immune function and increased susceptibility to various 

health challenges, including infection and cancer (Kallemeijn et al., 2017; Xu et al., 2019). While extensive 

research has documented age-related changes in αβ T cell populations, the impact of aging on γδ T cells, 

particularly the Vδ2⁺ subset, remains an evolving area of research (Clark & Thomas, 2020; Xu et al., 2019). 

Previous investigations have yielded mixed results regarding Vδ2⁺ T cell prevalence with advancing age; 

some studies report a decrease in the proportion of γδ T cell, including Vδ2⁺ cells, often noted after the age 

of 35 or 45 (Hu et al., 2023; Jia et al., 2023; Kallemeijn et al., 2017). This age-related reduction is 

influenced by processes such as thymic involution, which leads to a gradual decline in peripheral γδ T cell 

proportions from childhood to old age (Hu et al., 2023). Conversely, some studies suggest that the 

composition and function of Vδ2⁺ T cells may be largely preserved in older adults, indicating a potential 

resilience to age-related decline (Xu et al., 2019). This divergence underscores the need for further 

investigation into the precise dynamics of Vδ2⁺ T cells throughout the human lifespan. 
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Furthermore, the prevalence of γδ T cell subsets can exhibit significant variability across different 

ethnic and geographical populations (Cairo et al., 2010; Esin et al., 1996). Studies comparing diverse 

populations have highlighted notable differences in circulating γδ T cell percentages, suggesting that genetic 

and environmental factors may influence these immune cell populations (Cairo et al., 2010; Esin et al., 1996) 

Despite the critical importance of Vδ2⁺ T cells in immune health, there is a scarcity of 

comprehensive data on their prevalence in specific Asian populations, such as healthy Thai adults. 

Understanding the baseline characteristics of these immune cells within a healthy Thai cohort is essential 

for establishing normal physiological ranges and for future comparative studies involving disease states. 

 

2.  Objectives 

This preliminary cross-sectional study aims to determine the proportion of circulating Vδ2⁺ T cells 

in a healthy Thai population. The primary objective is to compare the proportion of Vδ2⁺ T cells between 

younger adults (18–55 years) and older adults (>55 years) within this population. 

  
3.  Materials and Methods 

3.1 Study population 

A preliminary cross-sectional study was conducted in a cohort of 30 healthy Thai individuals of 

both sexes. Participants were stratified into two age-defined groups: Group 1 (18–55 years; n = 15) and 

Group 2 (> 55 years; n = 15). Written informed consent was obtained from all participants prior to the 

collection of peripheral blood samples. The study was conducted between 3 November 2025 and 16 

December 2025. Ethical approval was obtained from the Thammasat University Ethics Committee. 

 

3.2 Inclusion and exclusion criteria 

3.2.1 Inclusion Criteria: 

Eligible participants were Thai adults aged 18 years or older. Both male and female participants 
were included. Participants were required to be free of serious medical conditions, including cancer, 

autoimmune diseases, chronic infectious diseases, or other disorders that could affect immune function. All 

participants were required to be willing to participate in the study and to provide written informed consent 

prior to enrollment. 

 

3.2.2 Exclusion Criteria: 

Participants were excluded if they had a history of infectious or chronic disease. Individuals who 

had used anti-inflammatory medications, undergone radiation therapy, received other medical treatments, or 

consumed herbal remedies or dietary supplements within two months prior to participation were also 

excluded. Female participants who were pregnant or breastfeeding at the time of the study were excluded. 

 

3.3 Sample collection  

A 10 mL venous blood sample was obtained from each participant using a sterile lithium heparin- 

anticoagulant tube. Samples exhibiting visible hemolysis at the time of collection were excluded from 

further analysis. All samples were processed within 2 hours collection. 

 

3.4 Peripheral blood mononuclear cell (PBMC) isolation 

PBMCs were separated from each blood sample within 2 hours of collection using Ficoll-Paque™ 

PLUS (Cytiva Sweden AB, Sweden). Briefly, each sample was diluted with an equal volume (1:1) of 

phosphate-buffered saline (PBS; 1×) and carefully layered over an equal volume of Ficoll-Paque in a 50 mL 

conical centrifuge tube. The diluted blood was centrifuged at 600 × g for 30 min at 25 °C, after which the 

PBMC layer was collected and transferred to a new conical tube. The cells were then washed with 35 mL of 
PBS and centrifuged at 900 × g for 10 min at 4 °C. After removing the supernatant, 13 mL of PBS was 

added, and the cells were counted. Based on the cell count, the required volume of medium was calculated. 

The cells were then centrifuged again at 4 °C for 5 min. The supernatant was discarded, and the PBMC 
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pellet was resuspended in the appropriate volume of RPMI-1640 medium supplemented with 10% fetal 

bovine serum (FBS) for subsequent staining and flow cytometric analysis. 

 

3.5 Blood Cell Count 

Following PBMC isolation, cell concentration and viability were determined using a 

hemocytometer and trypan blue dye exclusion. An aliquot of the cell suspension was mixed at a 1:1 with 

0.4% trypan blue solution, and viable (unstained) cells were counted under a light microscope. The total 

cell number was recorded. Based on the cell count, the appropriate volume of RPMI-1640 medium 

supplemented with 10% fetal bovine serum (FBS) was calculated to achieve the desired cell concentration 

for subsequent flow cytometry staining. 

 

3.5 Flow cytometry 

For flow cytometric analysis, 100 µL of the PBMC suspension in RPMI-1640 medium was 

dispensed into two Eppendorf tubes, with one serving as an unstained control. To both tubes, 44 µL of fetal 

calf serum (FCS) was added to reduce nonspecific binding. PE-conjugated anti-human CD3 antibody 

(BioLegend, clone HIT3a) and FITC-conjugated anti-human TCR Vδ2 antibody (BioLegend, clone B6) 

were added only to the test tube according to the manufacturer’s instructions. Both tubes were incubated in 

the dark on ice for 15 min. Following incubation, 200 µL of 2% FCS/PBS was added, and the cells were 

centrifuged at 600 × g for 2 min at 4 °C. The supernatant was carefully discarded without disturbing the cell 

pellet. This wash step was repeated three times. After the final wash, the cells were fixed in 2% 

formaldehyde or resuspended in 2% FCS. Flow cytometry was performed to analyze cell populations, and 

the percentage of γδ T cells (Vδ2⁺) was determined. Flow cytometry data were analyzed using quadrant 

gating. Gates were set based on the unstained control to define positive and negative populations. CD3 and 

TCR Vδ2 expression were analyzed using the PE and FITC channels, respectively. The CD3⁺Vδ2⁺ double-

positive population in the upper-right quadrant was identified as γδ T cells. The percentage of γδ T cells 

among PBMCs was calculated for each sample and used for subsequent analysis. 

 

3.6 Statistical analysis 

All analyses were performed using R version 4.3.0. Continuous variables (age, body weight, 

height, BMI, and γδ T cells [Vδ2⁺ subset]) were summarized as median and interquartile range (IQR). 

Comparisons between the two age groups (18–55 vs. >55 years) were performed using the Mann–Whitney 

U test. A p-value < 0.05 was considered statistically significant.  

 

4.  Results and Discussion  

4.1 Results  

4.1.1 Demographic characteristics of study participants by age group 

A total of 30 healthy participants were enrolled in the study and divided into two age groups: 

Group 1 (18-55 years) and Group 2 (>55 years). All participants were healthy and had no history of chronic 

or infectious disease. The median age was 40.0 years (range: 31.0-51.0) in Group 1 and 62.0 years (range: 

55.0-70.0) in Group 2. No statistically significant differences were observed between the two groups in 

terms of body weight, height, or body mass index (BMI) (Table 1). These findings indicate that the groups 

were comparable with respect to these baseline characteristics. 

 

Table 1 Demographic characteristics of study participants by age group 

variables 
Group 1 (18-55 years) 

Median (Range) 

Group 2 (55 years) 

Median (Range) 
p-value 

Age (years) 40 (31-51) 62 (55-70) <0.001 

Weight (kg) 62 (47-80) 64 (47-88) 0.818 

Height (cm) 160 (156-174) 158 (149-178) 0.328 

BMI (kg/m²) 23.43 (18.82-32.45) 23.70 (18.83-36.60) 0.787 
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4.1.2 Comparison of Vδ2⁺ γδ T cell percentages between age groups 

The percentage of Vδ2⁺ T cells was the primary immunological outcome of this study. Normality 

was assessed using the Shapiro–Wilk test. The data were not normally distributed in either group (Group 1: 

W = 0.600, p < 0.001; Group 2: W = 0.772, p = 0.002). Therefore, the Mann–Whitney U test was used for 

between-group comparison. 

Group 1 (younger adults, 18-55 years) exhibited substantially higher percentages of Vδ2⁺ T cell, 

with a median of 4.07% (IQR: 3.90-5.24%). Values ranged from 2.29% to 21.45%, spanning more than a 9-

fold range. In contrast, Group 2 (older adults, >55 years) showed lower values with a median of 1.75% 

(IQR: 1.10-2.29%). The range in this group was narrower (0.40-7.50%), with a maximum value that was 

approximately one-third of that observed in the younger group (Figure 1). This difference was statistically 

significant (p = 0.002). 

 

 
Figure 1 Box plots showing the percentages of Vδ2⁺ T cells in younger (18–55 years, n = 15) and older (>55 years, n = 

15) healthy adults. Boxes represent the median and interquartile range. The older group shows significantly lower Vδ2⁺ 

T cell percentages than the younger group (p = 0.002). 

 

4.2 Discussion 

This preliminary cross-sectional study revealed a significantly lower median percentage of 

circulating Vδ2⁺ T cells in healthy Thai older adults (>55 years) than in younger adults (18-55 years), 

indicating an age-related decline in this critical immune cell subset within the Thai population. 

These findings align with several studies that report a decrease in γδ T cells, including Vδ2⁺ 
subsets, with advancing age. For instance, Kallemeijn et al., (2017) observed a significant decrease in Vδ2⁺ 
cells and Vγ9/Vδ2 cell populations starting around age 40-50. Similarly, Jia et al., (2023) reported that, in a 

Chinese cohort, Vδ2 T cells, while dominant in younger individuals, accounted for less than half of γδ T 

cells after age 45, suggesting a decline. (Hu et al., 2023) even proposed age 45 as a checkpoint for γδ T cell 

aging, based on changes in the Vδ2/Vδ1 ratio. Another study highlighted age as having a significant impact 

on the levels of Vδ2 cell levels across different racial groups (Cairo et al., 2010). This age-related reduction 

in Vδ2⁺ T cell prevalence might contribute to immunosenescence, the general decline of immune function 

with age, potentially impacting the ability of older individuals to respond to infections and maintain 

immune surveillance (Kallemeijn et al., 2017). 

Some studies suggest that Vδ2⁺ ⁺ T cells may be more resilient to age-related decline than other T 

cell subsets. For example, Tan et al., (2016) reported that the composition and functionality of Vδ2⁺ T cells 

were not significantly altered in older adults, suggesting that their functionality may be preserved despite 
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aging.(Xu et al., 2019) also suggested Vδ2⁺  T cells might exhibit resistance to senescence hallmarks like 

telomere length and epigenetic profiles. While these studies suggest resistance to functional alterations, our 

data specifically point to a decrease in proportion, adding a new layer to the understanding of Vδ2⁺ T cell 

dynamics in aging. 

A key strength of this study is its focus on a healthy Thai population. As highlighted in previous 

studies, the prevalence of Vδ2⁺ T cells varies considerably across different ethnic and geographical 

populations (Cairo et al., 2010; Esin et al., 1996). Our findings provide valuable baseline immunological 

data specific to the Thai population. Cairo et al., (2010) demonstrated differences in Vδ2⁺ cell levels 

between Caucasian and African American donors, while Fonseca et al., (2020) reported data from 

Caucasian Portuguese cohort and highlighted the scarcity of comprehensive reviews addressing factors that 

influence γδ T cell representation in peripheral blood. Our study provides crucial baseline data for the Thai 

population, which has been largely underrepresented in such immunological surveys, thereby addressing a 

significant gap in the literature. 

Vδ2⁺ T cells are important components of the innate immune system and acting as a first line of 

defense against a wide array of pathogens, particularly bacterial infections. They can recognize non-

peptidic phosphorylated antigens (such as HMB-PP from bacteria) and rapidly respond by producing 

cytokines and exerting direct cytotoxic effects (Tan et al., 2016). A reduction in the number of these cells 

could therefore diminish the capacity for early immune responses, leaving older individuals more 

vulnerable to infections. These findings align with observations that elderly individuals often exhibit a 

higher susceptibility to severe disease outcomes, which some studies suggest may be partly attributable 

lower levels of Vδ2⁺ T cells in the context of systemic inflammation (Carissimo et al., 2020). This 

observation suggests that a decrease in Vδ2⁺ T cells may contribute to the increased burden of infectious 

diseases observed in aging population. 

Beyond their role in anti-pathogen immunity, Vδ2⁺ T cells are also recognized for their potent anti-

tumor function. They can directly kill tumor cells and also influence other immune cells to enhance anti-

cancer responses (Mensurado et al., 2023). While further research is needed to directly link reduced Vδ2⁺ T 

cell percentages in aging with specific declines in anti-tumor immunity within the Thai population, a lower 

baseline number of these cells could theoretically translate into a compromised ability to detect and 

eliminate nascent tumor cells, potentially contributing to the increased cancer incidence observed in older 

adults. Consequently, Vδ2⁺ T cells have become an important focus in the development of  

immunotherapeutic approaches (Sanz et al., 2022). 

This study has several limitations. The relatively small sample size (n=30) in this preliminary 

study limits the generalizability of the findings and necessitates validation in larger cohorts. In addition, the 

cross-sectional nature of the study, while identifying an age-related difference, does not allow longitudinal 

assessment of changes in Vδ2⁺ T cell percentages within individuals. Therefore, it cannot distinguish 

between cohort effects and true aging effects. Additionally, while addressing a critical data gap for the Thai 

population, recruitment was limited to healthy Thai individuals residing in Bangkok and its surrounding 

metropolitan areas. This geographic specificity may limit the generalizability of the findings to the the Thai 

population as a whole. Consequently, this study could not provide insights into the functional status or 

responsiveness of these cells.  Such insights would require assays such as expansion or activation to fully 

evaluate their immunological competence in future studies. 

 

5.  Conclusion 

This preliminary cross-sectional study demonstrates a significant age-related decline in circulating 

Vδ2⁺ T cells among healthy Thai adults, with older individuals exhibiting a substantially lower proportion 

than their younger counterparts. This finding not only enriches the understanding of immunosenescence 

within a previously underrepresented ethnic population but also aligns with global literature indicating a 

general age-related decline in certain γδ T cell subsets. The observed reduction in Vδ2⁺ T cells carries 

critical implications, potentially suggesting a diminished capacity for early immune responses against 

pathogens and compromised anti-tumor surveillance in older Thai adults, thereby contributing to the 
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heightened susceptibility to infections and cancer prevalent in aging populations. Given the study's 

limitations, including its modest sample size and cross-sectional design, future research is imperative. This 

should encompass larger, longitudinal studies incorporating comprehensive functional analyses to fully 

elucidate the clinical impact of these age-related changes on immune health and to establish robust 

immunological reference ranges specific to the aging Thai population. 
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