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Abstract

This study tested the hypothesis of gender bias in frequency of unconventional T cells.

Unconventional T cells exist as minor subsets of T cells in peripheral blood. Despite

their low number, they play a crucial role in various immune-mediated diseases such

as inflammation, autoimmunity, allergy, and cancer. Gender-based frequency of these

cells altogether on large number of healthy individuals are unestablished creating hur-

dles to manifest association with various immune-mediated pathologic conditions. In

this study, we used a multicolor flow cytometric panel to identify iNKT cells, γδ T cells,

and MAIT cells altogether in the peripheral blood samples of 93 healthy adult males

and 109 healthy adult females from the Caucasian population. The results revealed

iNKT cell median value (% T cells) in females was higher: 0.114% ranging from 0.011 to

3.84%, than males: 0.076% (p value 0.0292), ranging from 0.007 to 0.816% and found

to be negatively correlated with age in females (p value 0.0047). However, γδ T cell

median value in males was higher: 2.52% ranging from 0.31 to 16.09%, than females:

1.79% (p value 0.0155), ranging from 0.078 to 12.49% and each gender was negatively

correlatedwith age (male p value 0.0003 and female p value 0.0007).MAIT cell median

values were 3.04% ranging from 0.11 to 10.75% in males and 2.67% ranging from 0.2

to 18.36% in females. MAIT cells did not show any statistically significant difference

between genders and found to be negatively correlated with age (p value < 0.0001).

Our results could be used for further gender-wise investigations of various pathologic

conditions such as cancer and their prognosis, autoimmune diseases, allergies, and

their pathogenicity.

Abbreviations: (γδ), Gamma delta T cells; (iNKT), invariant NKT cells; (MAIT), mucosa-associated invariant T cells.
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1 INTRODUCTION

The immune system is divided into an innate immune system com-

prised of monocytes, NK cells, and dendritic cells as cellular compo-

nents, and the adaptive immune systemmainly represented by T and B

lymphocytes.1 Both innate and adaptive immune system have humoral

components. Descent of immune system is mainly mediated by age in

healthy individuals, resulting in the fact that elderly people are more

prone to be affected by infectious diseases, autoimmunedisorders, and

cancers due to immunosenescence.2 Gender is also a variable affect-

ing immune response to the infections and inflammations3; and gen-

der bias was found in both innate and adaptive immune responses.4 In

peripheral blood, males have higher number of NK cells than females,

whereas females have higher number of B cells. Phytohemagglutinin-

stimulated PBMC resulted in significant increase in B and T cells in

females and NK cells among males.5 The main reason of gender differ-

ences in immune system is based on reproductive status, sex chromo-

some genes, sex hormones, and environmental factors. Due to these

differences in the immune system, females are more susceptible to

autoimmune disorders than males and males are more susceptible to

nonreproductive cancers.6,7 Immune response for the various bacte-

rial and viral vaccines are often higher in females than males, the hor-

monalmediators are oneof themajor contributors for gender variance.

Estradiol, overall enhances both cell-mediated and humoral immunity

by the production of IFNγ and proinflammatory cytokines such as IL-

1, IL-6, and TNF. Progesterone receptors are found on various immune

cells, such as NK cells, macrophages, dendritic cells, and T cells produc-

ing broad anti-inflammatory effects upon exposure.4

Unconventional T cells are non-MHC-restricted T cells, bearing αβ
and γδ TCRs. These unconventional T cells are found as minor sub-

sets of T cells in peripheral blood, yet they have been associated with

various immune-mediated disorders such as autoimmunity, inflamma-

tions, infections, and cancers. Unconventional T cell bearing αβ TCR

recognizes nonpolymorphic antigen-presenting molecules, and based

on antigen recognition, they are characterized as CD1a, CD1b, CD1c,

CD1d, HLA E, and MR1 cells. CD1d+ T cells are further character-

ized as type I and II. The type I CD1d restricted T cells are also called

invariant NKT cells (iNKT). iNKT cells express an invariant TCRα chain
variable region 10 (TRAV10) and joining region 18 (TRAJ18). MR1 is

nonpolymorphic, MHC class I-like antigen-presenting molecule rec-

ognized by mucosa-associated invariant T cells (MAIT). MAIT cells

express semi-invariant TCR chain Vα7.2-Jα33 combined with β chain.
Another unconventional T cell population collectively referred to as

γδ T cell is originated as a result of somatic recombination during TCR

generation through genes encoding V (variable) D (diversity) J (joining)

segment.8

iNKT cells recognize lipid antigens, which are being found on var-

ious bacterial pathogens, and malignant cells (hematologic and solid

tumors).9 Age-related diseases such as obesity, asthma, diabetes, can-

cers, and various other pathologic conditions such as autoimmune dis-

orders, tuberculosis, and allergies have been associated with either

decrease in iNKT cell number or functional/phenotypical changes.9,10

iNKT cells showed promising potential in cancer immunotherapy: a

recent preclinical animal model showed iNKT cells can target cancer

cells through various mechanism such as direct killing via CD1d +

receptor, adjuvant killing via recruiting and activating other immune

cells, and suppression of angiogenesis via inhibiting tumor associated

macrophages.11 γδ T cells recognize phosphate-containing nonpeptide
ligands called phospho-antigens; these phospho-antigens are being

produced during microbial-specific isoprenoid biosynthesis pathways

and some synthetic analogues are also found called synthetic phospho-

antigens.12,13 γδ TCR contain 8 variable (V) δ gene segments, which

undergo rearrangements. Themost frequent rearrangements are: Vδ1,
Vδ2, and Vδ3. However, 5 less frequent gene rearrangements are also

identified: Vδ4, Vδ5, Vδ6, Vδ7, and Vδ8. Seven Vγ gene segments are

located within chromosome 7 and rearrangement of these genes are

Vγ2, Vγ3, Vγ4, Vγ5, Vγ8, Vγ9, andVγ11.14 Majority (up to 95%) of adult

human γδ T cells in peripheral blood are Vγ9Vδ2, in contrast Vδ1 and

Vδ3 γδ T cells comprise only a minority of γδ T cells. The second most

abundant γδ TCR is Vδ1 pairing with either of Vγ TCR chains. Vδ1+ T

cells carry NK group 2 member D (NKG2D), NKp30, NKp44 receptor,

although their antitumor andprotumor relevance remains unclear.15,16

Microbial and mammalian cells express nonpeptide ligands originated

from phosphorylatedmetabolites of thymidine-containing nucleotides

that appear during salvage pathway. These nonpeptide ligands are

overexpressed by damaged or stressed cells. MHC class-I-related

molecule MIC-A and MIC-B are stress-induced antigens and are

expressed on various cancerous cells.12,17 It was shown that γδ T cells

are capable of killing these cells via NKG2D receptors.18 Riboflavin-

derivative antigens presented by nonpolymorphic MHC class-I like

protein MR1 are recognized by MAIT cells. These antigens are pro-

duced by various riboflavin synthesizing pathogens and few nonri-

boflavin synthesizing pathogens (bacteria, fungi, and viruses).19–21

MAIT cells are activated by TCR-dependent or independent manner

and upon activation they produce innate-effector response.22 MAIT

cells are associated with various age-related diseases and autoim-

mune/immune mediated disorders such as multiple sclerosis, coeliac

disease, inflammatory bowel diseases, systemic lupus erythematosus,

arthritis, Sjögren’s syndrome, asthma, chronic obstructive pulmonary

disease, psoriasis, type 1 diabetes, type 2 diabetes, obesity, and liver

diseases.23,24 Decrease in frequency and/or phenotypical change of

MAIT cells has been showed in various cancers (solid tumors and
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TABLE 1 Sample details included in this study

Male Female

Total samples included (n) 93 109

Mean age (years, min–max) 44 (18–77) 45 (20–79)

Mean age andminimum–maximum values are shown.

hematologic malignancies),25–27 highlighting their important role in

immune system.

Nevertheless, various pathologic conditions have been associated

with unconventional T cells (iNKT, γδ T, and MAIT) including infec-

tions (viral, fungal, and bacterial), allergies, immune-mediated diseases,

autoimmune diseases, inflammations, and malignancies (hematologic

and solid tumor), and research is ongoing to discover more.9,16,28–31

The utilization of unconventional T cells for cell-based immunother-

apy to target cancer cells was explored in various experiments in the

last 2 decades.11,32–35 However, there are very scanty studies done in

previous decades for the evaluation of gender-associated immunose-

nescence in iNKT cells, γδ T cells, and MAIT cells. To our knowl-

edge, there is no study concerning the gender bias on these cells

altogether, resulting in difficulties in their extensive use in research

and routine laboratory diagnostics. In this cohort, we have estab-

lished the gender-based reference range on 93 male and 109 female

peripheral blood samples of Caucasian population. The frequency

of iNKT cells, γδ T cells, and MAIT cells was measured altogether

using flow cytometry. Gender-wise correlation of unconventional T

cells with age was performed to see immunosenescence effects.

Along with it, correlation between unconventional T cells was also

performed.

2 MATERIAL AND METHOD

2.1 Exclusion criteria

Exclusion of the sampleswas defined as per the protocol of SENIEUR36

with slight modifications due to pandemic situations, briefly, any infec-

tions (<6weeks), inflammation (acute and chronic), autoimmune disor-

der,HIV infection, hepatitisBvirus infection, hepatitisCvirus infection,

SARSCoV-2 infection (<1 year), diabetesmellitus, immunosuppressive

drugs, alcoholism and drug abuse, current pregnancy (including breast-

feeding), malignancies (any form), immunomodulatory therapy, vacci-

nation (<6weeks), and other conditions that influence immune system

were excluded from the study.

2.2 Study population

A prospective study was conducted to define the gender-based refer-

ence range of unconventional T cells (iNKT cell, γδT cell, andMAIT cell)

in the healthy adult Caucasian population residing in central Europe

mainly in Hungary. Samples were collected and categorized based on

gender separately (Table 1). A total of 202 samples were included, in

which 93 were males and 109 were females and 64 samples were

excluded based on exclusion criteria.

2.3 Blood sample collection and cell counting

Peripheral blood (3 ml) samples collected through venipuncture

directly in BD vacutainer tube (Beckton Dickinson, San Jose, CA

USA) containing tri-potassium EDTA (K3-EDTA) was obtained

from the hematology division. A complete blood count (CBC)

report was obtained from the 6-part automated hematology ana-

lyzer Siemens ADVIA 2120i (Siemens Healthcare GmbH, Erlangen,

Germany).

2.4 Flow cytometry

Multiparametric 8 color flow cytometric experiments were performed

using the following pretitrated mouse antihuman monoclonal anti-

bodies from Beckman Coulter/IOT (Brea, CA, USA), Dako (Glostrup,

Denmark), Biolegend (San Diego, CA, USA), BD/Pharmingen (Franklin

Lakes,NewJersey,USA), orExbio (Vestec,CzechRepublic): anti-human

CD16 (clone 3G8; BC/IOT), anti-human TCRVγ9 (cloneB3; Biolegend),
conjugated with FITC; anti-human CD56 (clone MOC-1; Dako), anti-

human CD7 (clone 8H8.1; BC/IOT), conjugated with PE; anti-human

TCR Vα24-Jα18 (clone 6B11; Biolegend), anti-human TCR Vδ2 (clone

B6; Biolegend), anti-human TCR Vα7.2 (clone 3C10; Biolegend), con-

jugated with peridinin chlorophyll protein/Cyanine 5.5 (PerCP/Cy5.5);

anti-human TCR Vα24 (clone C15; BC/IOT), anti-human CD161 (clone

191B8; BC/IOT), conjugated with PE-Cyanine 7 (PC7); anti-human

CD3 (clone SK7; BD), conjugated with allophycocyanin (APC); anti-

human CD8 (clone SK1; BD), conjugated with allophycocyanin cya-

nine 7 (APC-H7); anti-human CD4 (clone RPA-T4; BD), conjugated

with Pacific blue (PB); and anti-human CD45 (clone HI30; Exbio), con-

jugated with Pacific orange (PO). These monoclonal antibodies were

combined in 3 different tubes to quantify and characterize iNKT cells,

γδ T cells, and MAIT cells. Cell surface staining was performed follow-

ing stain-lyse-wash protocol briefly; 100 μl of peripheral blood was

mixedwith pretitrated cocktails ofmonoclonal antibodies in FACS tube

and incubated for 15 min in dark at room temperature. Upon incu-

bation cells were subjected to RBC lysing buffer (BD FACS™ lysing

solution) for 10 min, then cells were washed with PBS using centrifu-

gation (400 g for 5 min) and the pellet was finally resuspended in

400 μl of 1% paraformaldehyde for acquisition. Sample tube acquisi-

tion was performed using BD FACSCanto II™ (Franklin Lakes, NJ, USA)

flow cytometer, using carousel settingwith high acquisition of 300,000

events for each tube. For quality control, cytometer setup and track-

ing beads (CS&T) were measured on daily basis to keep performance

tracking of equipment. An external quality control assessmentwas also

evaluated by participating in the UK-NEQAS Leukemia immunopheno-

typing program.
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F IGURE 1 T cell percentages among lymphocytes in males and females (A) percentages of iNKT cells, γδ T cells, andMAIT cells (B) and
absolute numbers of iNKT cells, γδ T cells, andMAIT cells (C), in peripheral blood of healthy adult males, comparedwith healthy adult females.
Statistically significant p values are indicated for each of the comparisons inside the graphs

Monoclonal antibody (Vα24-Jα18), clone 6B11 specifically rec-

ognizes CDR3 loop of invariant human canonical Vα24Jα18 TCR α
chain of iNKT cells.37 These cells were defined as CD45+/CD3+/

Vα24+/Vα24-Jα18 (6B11) +. Since the majority (up to 95%) of γδ T

cells express Vγ9Vδ2 receptors, we identified this specific population

using different sets of antibodies for each receptor (Vγ9 and Vδ2) in
our study, and they were defined as CD45+/CD3+/Vγ9+/Vδ2+ cells,

referred to as γδ T cells throughout the manuscript. MAIT cells were

defined as CD45+/CD3+/Vα7.2+/CD161bright+ (Figure S1). Flow cyto-

metric data files (.fcs 3.0) were analyzed using FACSDiva version 6.1.3

software (BD Biosciences, San Jose, CA, USA). The following percent-

ages were calculated: lymphocytes (among white blood cells); T cells

(among lymphocytes and amongWBC); iNKT cells, γδT cells, andMAIT

cells (among T cells and among lymphocytes). Absolute count of total

iNKT cells, γδ T cells, and MAIT cells were calculated from the abso-

lute WBC and lymphocyte counts (×109/L) obtained from CBC report

of hematology analyzer using dual-platform method and values were

expressed as cells/μl.

2.5 Statistical analysis

Data were analyzed by GraphPad Prism statistical software v5.0

(GraphPad Software, San Diego, USA). Kolmogorov–Smirnov (SK) and

Shapiro–Wilknormality testswereused to test normalityof datadistri-

bution. The following data were assessed for gender-wise normal dis-

tribution: an absolute number of white blood cells, lymphocytes, per-

centage of T cells, iNKT cells, γδ T cells, andMAIT cells. AbsoluteWBC

count, lymphocyte count, and percentage of T cells in male and female

both were accepted as a normal distribution; rest of the data includ-

ing female absolute WBC count, percentage and absolute number of

iNKT cells, γδ T cells, and MAIT cells in male and female both rejected

the hypothesis of data normalization, and failed to achieve normal dis-

tribution. For nonparametric, Mann–Whitney test and for parametric,

Student’s t-test was used to compare continuous variables of 2 related

and independent samples. In addition, correlation and linear regression

analysis were performed between 2 continuous variables and the sta-

tistical significance of the findings was set at a p value of less than 0.05.
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TABLE 2 Descriptive statistics of unconventional T cells

Gender Method (equipment) Parameter Median (min–max) 25–75% Mean± SD 2.5–97.5%

Male Hematology analyzer WBC (×109/L) 6.6 (3.7–11) 5.8–7.5 6.7± 1.3 4.5–9.8

Lymphocytes (×109/L) 2 (1–3.7) 1.7–2.4 2± 0.49 1.1–3.2

Flow cytometer T cell (% Lymphocytes) 68 (45.9–84.4) 62.2–73.9 67.8± 7.9 50.8–82.9

iNKT (% T cell) 0.076 (0.007–0.816) 0.038–0.203 0.18± 0.51 0.0087–0.56

γδ T cell (% T cell) 2.52 (0.31–16.09) 1.4–4.6 3.5± 3 0.43–14.2

MAIT (% T cell) 3.04 (0.11–10.75) 1.4–5 3.4± 2.6 0.20–10.2

Dual platform iNKT (cells/μl) 1 (0.1–16) 0.5–2.5 2.5± 6.4 0.1–7.9

γδ T cell (cells/μl) 38 (3−249) 20–67 48.9± 42 5–202

MAIT (cells/μl) 37.5 (2–211) 18-71 48.5± 38 3–162

Female Hematology analyzer WBC (×109/L) 6.7 (4.1–12.3) 5.8–7.8 7± 1.6 4.6–11

Lymphocytes (×109/L) 2 (0.97–4.91) 1.6–2.4 2± 0.62 1–3.6

Flow cytometer T cell (% Lymphocytes) 70.6 (53–83.5) 66.8–76.5 70.8± 6.7 55.1–82.3

iNKT (% T cell) 0.114 (0.011–3.84) 0.048–0.306 0.27± 0.5 0.015–2.1

γδ T cell (% T cell) 1.79 (0.078–12.49) 1–3.4 2.7± 2.6 0.11–11.6

MAIT (% T cell) 2.67 (0.2–18.36) 1.4–5.8 4± 3.5 0.285–13

Dual platform iNKT (cells/μl) 1.6 (0.1–63.5) 0.6-4.4 4± 7.9 0.2–25

γδ T cell (cells/μl) 26 (1–203) 13–55 39.7± 37 1–139

MAIT (cells/μl) 45 (2–261) 18–78 56.5± 49.8 4-206

3 RESULTS

3.1 Population statistics

A total of 202 peripheral blood samples from 93 male and 109 female

healthyCaucasian adultswere obtained between the period ofDecem-

ber 2020 to May 2021 and 64 samples were excluded based on exclu-

sion criteria. The distribution of age was normal and there was no sig-

nificant difference between themean age in both genders (p= 0.6582).

Themean age inmaleswas44 years (18–77),whereas in females, itwas

45 years (20–79) (Table 1).

3.2 Gender-based analysis

The percentage of T cells showed significant difference between the

genders: p value 0.0044 (Figure 1(A)), iNKT cells and γδ T cells percent-
age also showed a significant difference between the genders, p values

0.0292and0.0155 respectively (Figure1(B)).Moreover, absolute num-

bers of iNKT cells and γδ T cells also showed statistically significant dif-
ference between the genders: p value 0.0189 and 0.0419, respectively

(Figure 1(C)). Both percentage and absolute numbers ofWBC, lympho-

cytes, and MAIT cells showed no significant difference (p value > 0.05

in all cases). The mean ± SD of females had dominance in percentage

and absolute numbers ofWBC, T cells, iNKT cells, andMAIT cells, com-

pared with males, whereas males dominated γδ T cells over females

(Table 2).

Gender-dependent PB unconventional T cells (iNKT, γδ, MAIT)

along with WBC and lymphocyte counts were analyzed. Median, min-

imum, maximum, 25−75% and 2.5–97.5% (reference range) of hema-

tologic counts, percentages, and their absolute numbers are also

shown in Table 2. In males, the median percentage of iNKT cells

among T cells was 0.076%, ranging from 0.007 to 0.816% and the

median absolute number of iNKT cells was 1 cells/μl, ranging from

0.1 to 16 cells/μl. The median percentage of γδ T cells among T

cells was 2.52%, ranging from 0.31 to 16.09% and the median abso-

lute number was 38 cells/μl, ranging from 3 to 249 cells/μl. MAIT

cell ratio among T cells was 3.04%, ranging from 0.11 to 10.75%

and the absolute number of MAIT cells was 37.5 cells/μl, rang-
ing from 2 to 211 cells/μl (Table 2). Reference range (2.5–97.5%)

for percentages of unconventional T cells (iNKT, γδ T, and MAIT

cells) among T cells was 0.0087–0.56, 0.43–14.2, and 0.20–10.2%,

respectively.

In females, percentageof iNKTcells amongTcellswas0.114%, rang-

ing from 0.011 to 3.84% and the median absolute number of iNKT

cells was 1.6 cells/μl, ranging from 0.1 to 63.5 cells/μl. The median

percentage of γδ T cells among T cells was 1.79%, ranging from 0.078

to 12.49% and the median absolute number was 26 cells/μl, ranging
from 1 to 203 cells/μl. MAIT cell ratio among T cells was 2.67%, rang-

ing from 0.2 to 18.36% and the absolute number of MAIT cells was

45 cells/μl, ranging from 2 to 261 cells/μl (Table 2). Reference range

(2.5–97.5%) for percentages of unconventional T cells (iNKT, γδ T, and
MAIT cells) among T cells was 0.015–2.1, 0.11–11.6, and 0.28–13%,

respectively.
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F IGURE 2 Correlation between age and the percentages of iNKT cells, γδ T cells, andMAIT cells in the study population of healthy adult males
(A) and females (B). x-axis represents age (years) and y-axis represents unconventional T cells respectively. The p values and Spearman’s rank
correlation coefficients for each of the comparisons are indicatedwithin the graphics. The statistical significance was set at a p value of less than
0.05

3.3 Combined analysis of age and gender

When age and gender were compared together, we found that iNKT

cells in males; percentage and absolute number showed no corre-

lation with age and remained constant throughout: p value 0.6614

and 0.7740, respectively (Figures 2 and 3). Interestingly, iNKT cells

(percentage and absolute number) in females showed a negative cor-

relation with age: p value 0.0047 and 0.0016, respectively. A neg-

ative correlation with age was found in γδ T cells: percentage and

absolute numbers in males: p value 0.0003 and 0.0002 as well as in

females: p value 0.0007 and 0.0003, respectively. A very strong cor-

relation was observed between MAIT cells and age for both males

and females: p value < 0.0001 for all cases. Linear regression anal-

ysis of percentage and absolute numbers revealed that γδ T cells

and MAIT cells drop strikingly by age in both males and females

(Figures 2 and 3).

3.4 Gender-based unconventional T cell
correlation

We correlated gender-specific unconventional T cells with each other

separately, and found a significant positive correlation with each other

except, the iNKT cells with γδ T cells in males: p value 0.4017. iNKT
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F IGURE 3 Correlation between age and the absolute numbers of iNKT cells, γδ T cells, andMAIT cells in the study population of healthy adult
males (A) and females (B). x-axis represents age (years) and y-axis represents unconventional T cells, respectively. The p values and Spearman’s
rank correlation coefficients for each of the comparisons are indicated within the graphics. The statistical significance was set at a p value of less
than 0.05

cells showed positive correlation with MAIT cells: p value 0.0027

and γδ T cells also showed significant correlation with MAIT cells: p

value 0.0134. In females, unconventional T cells showed positive cor-

relation with each other. iNKT cells correlated with γδ T cells and

MAIT cells: p value 0.0074 and 0.0017 respectively, and γδ T cells

also positively correlated with MAIT cells: p value 0.0427 (Figure 4).

The overall total population of unconventional T cells, irrespective

of gender, also correlated with each other and a significant posi-

tive correlation was found: iNKT cell with γδ T cell and MAIT cell;

p value 0.0262, r = 0.1568 and p value < 0.0001, r = 0.3071,

respectively. γδ T cell with MAIT cell; p value 0.0020, r = 0.2164

(Figure 5).

4 DISCUSSION

Unconventional T cells play important roles in various immune-

mediated diseases and their potential is investigated in cell-based

immunotherapy through various animal and clinical studies. Gender

bias in frequency is important to know for the accurate and specific

evaluation of cell populations. In case of unconventional T cells alto-

gether, gender-based frequency is largely unestablished leading to var-

ious challenges for the researches in this field. In our study, gender

bias was investigated in unconventional T cells. Percentage of CD3+ T

cells (% of lymphocytes) was found to be significantly higher in females

compared to males. Similar observations were reported by several
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F IGURE 4 Gender-based correlation between percentages of iNKT cells, γδ T cells, andMAIT cells in peripheral blood of healthy adult males
(A) and females (B). x-axis represents unconventional T cells and y-axis represents % of unconventional T cells among T cells. The p values and
Spearman’s rank correlation coefficients of each correlation are indicatedwithin the graphics separately

studies, where female-specific higher percentage of T cells were noted

compared to males,38 and the possible reason for these differences

in immune cells is due to the sex hormones, sex chromosomes, repro-

ductive status, and environmental factors.4 iNKT cells (percentage

and absolute number) were found to be significantly affected by gen-

ders. This fact highlights the importance of iNKT cells to be studied in

more detail in various immunologic disorders, despite their low num-

ber in peripheral blood. Furthermore, iNKT cells in females were sig-

nificantly higher than inmales. Fereidouni et al.39 found no statistically

significant difference in the frequency of iNKT cells between genders

on 42 healthy adult volunteers (24 male, 16 female). However, Mon-

toya et al.37 observed thatmodest higher frequency in iNKT cells trend

in females compared with males, yet the data were not statistically

significant. The explanation, which resolves the discrepancy between

our results and previously published results of Fereidouni et al.,39 lies

in the size of the populations studied. Sample size of their study was

not comparable to our study, which provided us the advantage of cor-

rect statistical calculation. The advantage of our study is that it is a
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F IGURE 5 Correlation between percentages of iNKT cells, γδ T
cells, andMAIT cells altogether in peripheral blood of healthy adult
samples. x-axis represents unconventional T cells and y-axis
represents % of unconventional T cells among T cells. The p values and
Spearman’s rank correlation coefficients of each correlation are
indicated within the graphics separately

single center, prospective study covering iNKT cells, γδ T cells, and

MAIT cells altogether, including single population (Caucasian), large

number of gender-balanced samples, and intensive exclusion criteria.

The gender-based significant difference was also found in the percent-

ageandabsolutenumberof γδTcells. In contrast to iNKTcells, γδTcells
showed that males have higher numbers than females. Similar results

were reported by Michishita et al.40 (42 males and 42 females), who

showed that males have higher numbers of γδ T cells than females. In

the figure of the paper recently published by Schultze-Florey et al.,41 it

is clearly shown that γδ T cell numbers are higher in males, especially

in younger age. In a study by Caccamo et al.42 on gender-based differ-

ences between different age groups: 60 male and 67 female samples

from the age group of 20–30 years, a statistically significant difference

was found. In the age group 30–60 years, including 51 male and 47

female samples, significant difference was also detected between gen-

ders. However, in the same study, females had a higher percentage of

γδ T cells thanmales.42 Fonseca et al.43 (18males and 12 females) have

not found any statistically significant difference between the genders.

Gender-based differencewas not found inMAIT cells for both percent-

age and absolute numbers; however, mean ± SD was higher in females

than males. The studies published by Novak et al.44 also found similar

results, showing no statistically significant differences between males

and females inMAIT cells.

Gender-wise correlation of unconventional T cellswith age revealed

interesting results for iNKT cells in males; it did not show a statistically

significant correlation with age both in percentage and absolute num-

bers. However, female iNKT cells (percentage and absolute numbers)

showed a significant negative correlation with age. The immunose-

nescence of iNKT cells in females poses more threat for an immune-

mediated disorder such as cancer and autoimmunity45,46 than males.

Jing et al.47 found that iNKT cells negatively correlated with age both

in males and females. γδ T cells showed a significant negative correla-

tion with age in males and females altogether, for the percentage as

well as absolute numbers. Similar results were obtained by Fonseca

et al.,43 who reported a similar negative correlation of age with γδ T
cells in males and females both, whereas females had a higher strik-

ing slope of linear regression compared with males. γδ T cells in both

males and females support the immunosenescence that poses the risk

of immune-mediated disorders in the elderly population. Percentage

and absolute numbers ofMAIT cells inmales and females both showed

a statistically significant negative correlation with age. Similar results

were obtained by Chen et al.48 who showed a negative correlation of

the percentage ofMAIT cells in young to elderly males and females.

Unconventional T cells were correlated altogether and showed sig-

nificant positive correlation in both genders except for iNKT cells with

γδ T cells in males (Figure 4). The total population of unconventional

T cells, irrespective of gender, also showed a statistically significant

correlation with each other (Figure 5). Notably, iNKT cells correlation

with MAIT cells was always stronger irrespective of gender. Similar

results were found by Gherardin et al.49 on 27 healthy adult periph-

eral blood samples, showing a positive correlation between the per-

centage of iNKT cells with the percentage of MAIT cells and per-

centage of γδ T cells with the percentage of MAIT cells. MAIT cells

and iNKT cells are different populations; MAIT cells show a semi-

invariant α chain (Vα7.2-Jα33) combined with a limited repertoire

of β chain of TCR, whereas iNKT cells bear semi-invariant αβTCR
(Vα24/Jα18) combined with Vβ11. The antigen recognition mech-

anisms of these cells are also distinctly different. However, both

share the same transcriptional factors: T-bet, RORγt, and PLZF50; and
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common genes were also found for their intra-thymic development

such as members of the signaling lymphocyte activationmolecule fam-

ily receptor.51 Another experiment suggests the relation of iNKT cells

and MAIT cells when CD1d knockout mice showed an increased num-

ber of MAIT cells and MR-1-deficient mice showed increasing number

of iNKT cells.52 Altogether it has been shown that iNKT cells andMAIT

cells are complementary to each other, despite the huge difference in

frequency.53

In conclusion, this study investigates the frequency of unconven-

tional T cell differences between genders in the Caucasian population,

highlighting that the iNKT cells were higher and found to be nega-

tively correlated with age in females, while γδ T cells were higher in

males than females and each gender was negatively correlating with

age. MAIT cells did not show any difference in genders and showed

negative correlation with age in both genders. A positive correlation

between the unconventional T cells was an interesting finding and it

could be used as a foundational study to build upon further, to investi-

gate immune-mediated diseases and their relation to unconventional T

cells together.
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