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of various pathological conditions such as cancer 
and their prognosis, autoimmune diseases and their 
pathogenicity.
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Introduction

Unconventional T cells do not fit in the paradigm 
with conventional T cells, which are major histocom-
patibility complex (MHC) dependent and recognize 
peptide antigens. Instead, unconventional T cells are 
non-MHC restricted T cells recognizing non-peptide, 
non-polymorphic antigen-presenting molecules and 
containing αβ and γδ T cell receptors. Usually, these 
cells represent a minor T cell population in peripheral 
blood (PB) of healthy individuals [1]. Deficiency and 
depletion of these cells are associated with autoim-
mune disorders, inflammations, and cancers [2].

The T cell receptor (TCR) invariant natural killer 
T cells (iNKT) recognize lipid antigens presented by 
CD1d [3], which is a non-classical MHC class I–like 

Abstract  Unconventional T cells show distinct and 
unique features during antigen recognition as well as 
other immune responses. Their decrease in frequency 
is associated with various autoimmune disorders, 
allergy, inflammation, and cancer. The landscape 
frequency of the unconventional T cells altogether 
(iNKT, γδ T, and MAIT) is largely unestablished 
leading to various challenges affecting diagnosis and 
research in this field. In this study, we have estab-
lished the age group–wise frequency of iNKT, γδ T, 
and MAIT cells altogether on a total of 203 healthy 
adult samples of the Caucasian population. The 
results revealed that iNKT cells were 0.095%, γδ T 
cells were 2.175%, and MAIT cells were 2.99% of the 
total T cell population. γδ and MAIT cell frequency is 
higher in younger age groups than elderly; however, 
there is no statistically significant difference in the 
frequency of iNKT cells. Furthermore, γδ and MAIT 
cells were negatively correlating with age, support-
ing immunosenescence, unlike iNKT cells. Our find-
ing could be used for further age-wise investigation 

Supplementary Information  The online version 
contains supplementary material available at https://​doi.​
org/​10.​1007/​s11357-​022-​00515-5.

P. Singh · M. Szaraz‑Szeles · Z. Mezei · S. Barath · 
Z. Hevessy (*) 
Department of Laboratory Medicine, Faculty of Medicine, 
University of Debrecen, Nagyerdei krt. 98, 4032 Debrecen, 
Hungary
e-mail: hevessy@med.unideb.hu

http://orcid.org/0000-0002-7364-9906
http://crossmark.crossref.org/dialog/?doi=10.1007/s11357-022-00515-5&domain=pdf
https://doi.org/10.1007/s11357-022-00515-5
https://doi.org/10.1007/s11357-022-00515-5


	 GeroScience

1 3
Vol:. (1234567890)

antigen–presenting molecule. Several lipid antigens 
have been reported from bacterial pathogens [4], 
and various types of hematological malignant cells 
[5, 6] and solid tumor cells [7, 8]. Cancer immuno-
therapy became a potential target to treat cancer in the 
last decade and iNKT cells showed unique features 
and multiple mechanisms to target cancer cells, i.e., 
direct killing of CD1d+ tumors, and adjuvant effects 
by recruiting NK cells and dendritic cells, further 
activating cytotoxic T lymphocytes and inhibition of 
tumor-associated macrophages [9]. Several clinical 
trials prove the effectiveness of iNKT cells to target 
hematological malignancies and tumor cells [9–11]. 
The lower frequency of iNKT cells is associated with 
various kinds of pathological conditions including 
type-1 diabetes, rheumatoid arthritis, systemic lupus 
erythematosus, multiple sclerosis, Parkinson’s dis-
ease, Lyme disease, tuberculosis, solid tumors, and 
various types of hematological malignancies [12–14].

TCR γδ cells are abundant in the skin and gut 
tissues which suggests their role in the first line of 
defense against infections. γδ T cells recognize the 
Mycobacterium tuberculosis and tetanus toxoid as a 
primary defense against these infections [15, 16] and 
are associated with various other pathological con-
ditions such as infections including bacterial, proto-
zoal, and viral, autoimmune disorders, transformed 
or cancer cells [17, 18]. γδ T cells are also involved 
in immune surveillance against cancer development 
including hematological diseases and solid tumors 
[19]. γδ T cells do not require conventional antigen 
processing and presentation through MHC mol-
ecules. Instead, they recognize the cells that have 
been exposed to low molecular weight, phosphate-
containing non-peptide antigens (phospho-antigens), 
which are produced by bacterial specific isoprenoid 
biosynthesis pathways and some synthetic phosphate 
analogues are also found called synthetic phospho-
antigens [20–22]. Microbial, as well as mammalian, 
cells share non-peptide ligands; these ligands are 
phosphorylated metabolites of thymidine-containing 
nucleotide conjugate that appears during the sal-
vage pathway and are overexpressed by damaged or 
stressed cells [21]. MHC class I–related molecule 
MIC-A and MIC-B are stress-induced antigens and 
are expressed on various epithelial tumors [23]. These 
stress-induced MIC-A or MIC-B expressing cells 
can be recognized via natural killer group 2 member 
D (NKG2D) activating receptors of γδ T cells [24]. 

Various types of melanoma, lymphoma, leukemia, 
and carcinoma express a large number of phosphoryl-
ated mevalonate metabolites [25] and it was shown 
that γδ T cells are capable of killing these cells by 
recognizing phospho-antigens [26]. In addition, γδ T 
cells are being explored in cell-based immunotherapy 
to target cancer cells [27–29].

Mucosa-associated invariant T cells (MAIT) rec-
ognize microbial riboflavin-derivative antigens pre-
sented by non-polymorphic MHC class I–like protein 
MR1 [30]. TCR repertoires of MAIT cells are con-
served across the species and they are activated by 
both TCR-dependent and independent mechanisms 
and produce innate-effector response upon activation 
[31]. These cells are in abundance in the liver repre-
senting up to 45% of liver T cells [32] and up to 10% 
of T cells in peripheral blood [33]. Microbial infec-
tions, which can utilize riboflavin biosynthesis path-
ways with 5-A-RU (5-amino-6-D-ribitylaminouracil), 
activate MAIT cells [31] and the pyrimidine deriva-
tives 5-OP-RU (5-(2-oxopropylideneamino)-6-D-
ribitylaminouracil) loaded into MR-1 tetramer are 
being used for identification of MAIT cells in vitro as 
well as for activation of MAIT cells in vivo [34, 35]. 
MAIT cells play important role in bacterial and viral 
infections and an association was shown with ribo-
flavin synthesizing bacteria and a few non-riboflavin 
synthesizing bacterial, viral, and fungal infections 
[36–39]. Along with it, they have an association with 
autoimmune and immune-mediated disorders such as 
multiple sclerosis, coeliac disease and inflammatory 
bowel diseases, systemic lupus erythematosus (SLE) 
and arthritis, Sjögren’s syndrome, asthma and chronic 
obstructive pulmonary disease, psoriasis, type 1 dia-
betes, type 2 diabetes and obesity, and liver diseases 
[40, 41]. A decrease in the frequency of circulating 
MAIT cells was associated with various solid tumors 
such as colorectal cancer, hepatocellular carcinoma, 
lung cancer [42–45], and hematological malignancy 
such as multiple myeloma [46].

Unconventional T cells (iNKT, γδ T, and MAIT) 
have been studied in a wide variety of pathologi-
cal disorders including infections (viral and bacte-
rial), immune-mediated diseases, autoimmune dis-
ease, and malignancies (solid and hematological) 
and much more research continues to explore the 
role of unconventional T cells; however, the refer-
ence range of these cells is not properly established 
on a larger group of samples with the categorization 
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of age group–based discrepancies. In this cohort, we 
have established the reference range using 203 human 
adult peripheral blood samples to measure the fre-
quency of iNKT, γδ T, and MAIT cells, along with 
age group–wise comparison of these cells.

Material and method

Exclusion criteria

Upon receipt the samples were evaluated according to 
the exclusion criteria defined by SENIEUR protocol 
[47], briefly, any infections (< 6 weeks), inflammation 
(acute and chronic), autoimmune disorder, human 
immunodeficiency virus (HIV) infection, hepatitis B 
virus (HBV) infection, hepatitis C virus (HCV) infec-
tion, SARS CoV-2 infection (< 1 year), diabetes mel-
litus, immunosuppressive drugs, alcoholism and drug 
abuse, current pregnancy or breastfeeding, malignan-
cies (any form), immunomodulatory therapy, vaccina-
tion (< 6  weeks), and other conditions which influ-
ence immune system were excluded from the study.

Study population

A prospective study was designed and conducted 
between November 2020 and May 2021 to define the 
reference range in healthy adults of unconventional 
T cells subsets (iNKT cells, γδ T cells, and MAIT 
cells) in the Caucasian population residing in central 
Europe from Hungary.

Four different age groups were defined and 
samples were collected separately for each group 
(Table  1). A total of 203 samples were included 
(94 males and 109 females) and 64 samples were 
excluded based on exclusion criteria. According to 
the 2008 guideline of the Clinical Laboratory Stand-
ards Institute, we determined the frequency of uncon-
ventional T cells in different age groups (18–35; 
36–50; 51–65; 66–90 years) in order to establish age-
dependent reference ranges [48].

Blood sample collection and cell counting

Peripheral venous blood (3  mL) samples were 
obtained from the hematology division; these samples 
were collected in a BD vacutainer tube (Becton Dick-
inson, San Jose, CA, USA) containing tri-potassium 

ethylene-diamine tetra acetic acid (K3-EDTA) 
through venipuncture. A complete blood count (CBC) 
was performed using a six-part hematology ana-
lyzer Siemens ADVIA® 2120i (Siemens Healthcare 
GmbH, Erlangen, Germany).

Sample stability

To establish sample stability for these unconventional 
T cells, a total of ten samples were analyzed for 96 h, 
where measurement was repeated after every 24 h.

Flow cytometry

Multiparametric eight color flow cytometric experi-
ment using the following pre-titrated mouse anti-
human monoclonal antibodies from Beckman Coul-
ter (Brea, CA, USA), Dako (Glostrup, Denmark), 
Biolegend (San Diego, CA, USA), BD/Pharmin-
gen (Franklin Lakes, NJ, USA), and Exbio (Prague, 
Czech Republic): anti-human CD16 (clone 3G8; BC/
IOT), anti-human TCR Vγ9 (clone B3; Biolegend), 
conjugated with fluorescein-isothiocyanate (FITC); 
anti-human CD56 (clone MOC-1; Dako), anti-human 
CD7 (clone 8H8.1; BC/IOT), conjugated with phy-
coerythrin (PE); anti-human TCR Vα24-Jα18 (clone 
6B11; Biolegend), anti-human TCR Vδ2 (clone B6; 
Biolegend), anti-human TCR Va7.2 (clone 3C10; 
Biolegend), conjugated with peridinin chlorophyll 
protein/Cynine 5.5 (PerCP/Cy5.5); anti-human TCR 
Va24 (clone C15; BC/IOT), anti-human CD161 
(clone 191B8; BC/IOT), conjugated with PE-Cynine 
7 (PC7); anti-human CD3 (clone SK7; BD), conju-
gated with allophycocyanin (APC); anti-human CD8 
(clone SK1; BD), conjugated with allophycocyanin 
cyanine 7 (APC-H7); anti-human CD4 (clone RPA-
T4; BD), conjugated with pacific blue (PB); and 

Table 1   Number of healthy adult population included in the 
study

Age groups (years)

18–35 36–50 51–65 66–90

Total samples 
included (n)

56 77 52 18

Mean 
age ± standard 
deviation

28 ± 5 43 ± 4 57 ± 4 72 ± 4
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anti-human CD45 (clone HI30; Exbio), conjugated 
with pacific orange (PO).

These monoclonal antibodies were combined in 
three different tubes to quantify and characterize 
iNKT cells, γδ T cells, and MAIT cells. Stain, lyse, 
and wash protocol was used to perform cell surface 
staining. Briefly, 100 µL of PB was mixed with an 
appropriate cocktail of mAbs in a FACS tube and 
incubated for 15  min in dark at room temperature 
(20–22 °C). Followed by 1 mL of 1 × RBC lysis buffer 
(BD FACS™ lysing solution) was added and incu-
bated for 10 more minutes. Upon incubation, tubes 
were washed once with 1 mL of phosphate-buffered 
saline and centrifugation at 1500 rpm for 5 min, and 
the pellet was finally resuspended in 400 µL of 1% 
paraformaldehyde. All samples were stained within 
8  h of sample collection and upon flow cytometric 
staining, 1% paraformaldehyde (PFA) was added 
to fix the cells for acquisition and analysis. Sample 
acquisition was performed using BD FACSCanto 
IITM (Franklin Lakes, NJ, USA) flow cytometer, and 
cytometer setup and tracking beads (CS&T) was 
measured on daily basis to keep performance track-
ing of equipment. External quality control assessment 
was also achieved by participating in the UK-NEQAS 
Leukemia immunophenotyping program. Tubes were 
acquired using a carousel setting with high acquisi-
tion speed and a stop gate was set on 300,000 events 
for each tube.

Monoclonal antibodies (Vα24Jα18), clone 6B11 
specifically recognizes CDR3 loop of invariant human 
canonical Vα24Jα18 TCR α chain of iNKT cells [49] 
were defined as CD45 + /CD3 + / Vα24 + /Vα24-Jα18 
(6B11) + , γδ T cells were defined as CD45 + /CD3 + /
Vγ9 + /Vδ2 + , and MAIT cells were defined as 
CD45 + /CD3 + /Vα7.2 + /CD161bright + (Fig. 1). Flow 
cytometric data files (.fcs 3.0) were analyzed using 
FACSDiva version 6.1.3 software (BD Biosciences, 
San Jose, CA, USA). The following percentages were 
calculated: lymphocytes (among white blood cells, 
WBC); T cells (among lymphocytes and among WBC); 
iNKT cells and MAIT cells (among total T cells and 
among lymphocytes); and γδ T cells (among Vδ2, 
among Vγ9, and among total T cells). Absolute count 
of total iNKT cells, γδ T cells, and MAIT cells was cal-
culated from the absolute WBC and lymphocyte counts 
(× 109/L) obtained from CBC report of hematology 
analyzer using dual-platform method and values were 
expressed as cells/µL.

Statistical analysis

All the values were entered directly into the spread-
sheet and further exported to the GraphPad Prism 
statistical software v5.0 (GraphPad Software, San 
Diego, CA, USA) for statistical analysis. Normal-
ity of data distribution was assessed by Kolmogo-
rov–Smirnov (KS) and Shapiro–Wilk normality 
tests. To compare the different age groups, a non-
parametric Kruskal–Wallis test with Dunn’s post hoc 
test was used. In addition, linear regression analysis 
was performed between two continuous variables and 
the statistical significance of the findings was set at a 
p-value of less than 0.05.

Results

Population statistics

A total of 203 samples were included and 64 samples 
were excluded in the study according to exclusion cri-
teria, age group–wise total number of sample distri-
bution, mean age, and standard deviation are shown 
in Table 1.

Sample stability

This experiment revealed that the aforementioned CD 
markers and unconventional T cells were stable for up 
to 4 days without any statistically significant change 
in the percentage of the populations (Fig s1).

Descriptive statistics of unconventional T cells

PB unconventional T cells (iNKT, γδ, MAIT) along 
with absolute (WBC and lymphocyte) counts were 
analyzed, where median, minimum, maximum, 
25–75% and 2.5–97.5% (reference range) of hema-
tological counts and percentages, and their absolute 
number are also shown in Table 2. The median per-
centage of iNKT cells among T cells was 0.095% 
ranging from 0.007 to 4.94%, and the median abso-
lute number of iNKT cells was 1.3 cells/µL, ranging 
from 0.1 to 63.5 cells/µL. The median percentage of 
γδ T cells among T cells was 2.175% ranging from 
0.078 to 16.09% and the median absolute number was 
30 cells/µL ranging from 1 to 249 cells/µL (Table 2). 
MAIT cell ratio among T cells was 2.99% ranging 
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Fig. 1   Dot plots and gating strategies obtained from multi-
color flow cytometric panel of peripheral blood of a healthy 
adult donor, which includes iNKT cells, γδ T cells, and MAIT 
cells; universally, doublets were excluded via gating singlets 
on FSC-A vs FSC-H dot plot, followed by WBCs were gated 
on FSC vs SSC dot plot, and later lymphocytes were gated on 
CD45 vs SSC. iNKT cells gating strategy: T cells were gated 
on CD3 vs SSC dot plot, followed by Vα24 + iNK T cells were 
gated as Vα24 vs CD3 dot plot, later iNKT cells were gated 

as 6B11 vs Vα24 (among T cells among WBC). MAIT cells 
gating strategy: T cells were gated on CD3 vs SSC dot plot, 
followed by CD3 vs CD161 dot plot were taken to visualize 
CD161 bright signal, later MAIT cells were gated as Vα7.2 
vs CD161 dot plot (among T cells and among WBC). γδ T 
cells gating strategy: Vγ9 cells were gated on CD3 vs Vγ9 dot 
plot (among T cells and among WBC), followed by γδ T were 
gated on Vδ2 vs CD3 (among Vγ9 and among T cells) also γδ 
T cells were visualized on Vδ2 vs Vγ9 dot plot
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from 0.11 to 18.36% and the absolute number of 
MAIT cells was 42 cells/µL ranging from 2 to 261 
cells/µL (Table 2). Reference range for percentages of 
unconventional T cells (iNKT, γδ T, and MAIT cells) 
among T cells was 0.01–1.52%, 0.31–11.94%, and 
0.27–10.74% respectively.

Age group–based descriptive statistics

The median, minimum, maximum, the percentile 
25–75% and 2.5–97.5% (reference range) of hemato-
logical counts (WBC and lymphocytes) and percent-
ages of unconventional T cells (iNKT, γδ, MAIT) 
along with their absolute numbers in PB were ana-
lyzed according to their respective age groups and are 
shown in Table 3.

In the age group 18–35, median percentage of 
iNKT cells among T cells was 0.136%, ranging 
from 0.007 to 4.94%, γδ T cells was 3.785% rang-
ing from 0.685 to 16.09%, and MAIT cells was 
5.025% ranging from 0.67 to 11.91%. The median 
absolute number of iNKT cells was 2 ranging from 
0.1 to 63.5 (cells/µL), γδ T cells was 56.5 rang-
ing from 9 to 249 (cells/µL), and MAIT cells was 
71 ranging from 10 to 183 (cells/µL) respectively. 
Reference range for % of unconventional T cells 
(iNKT, γδ T, and MAIT cells) among T cells was 
0.0074–4.47%, 0.80–14.56%, and 0.793–11.39% 
respectively (Table 3).

In the age group 36–50, median percentage of 
iNKT cells among T cells was 0.078%, ranging from 
0.01 to 2.601%, γδ T cells was 1.98% ranging from 
0.11 to 11.97%, and MAIT cells was 3.42% ranging 
from 0.3 to 18.36%. The median absolute number of 
iNKT cells was 1.1 ranging from 0.1 to 44.1 (cells/
µL), γδ T cells was 28 ranging from 1 to 203 (cells/

µL), and MAIT cells was 45 ranging from 5 to 261 
(cells/µL) respectively. Reference range for % of 
unconventional T cells (iNKT, γδ T, and MAIT cells) 
among T cells was 0.011–1.98%, 0.263–10.59%, and 
0.404–13.2% respectively (Table 3).

In the age group 51–65, median percentage of 
iNKT cells among T cells was 0.108%, ranging from 
0.011 to 1.152%, γδ T cells was 1.66% ranging from 
0.078 to 7.23%, and MAIT cells was 1.85% ranging 
from 0.11 to 10.59%. The median absolute number of 
iNKT cells was 1.15 ranging from 0.1 to 13.2 (cells/
µL), γδ T cells was 23.5 ranging from 1 to 122 (cells/
µL), and MAIT cells was 23.5 ranging from 2 to 102 
(cells/µL). Reference range for % of unconventional 
T cells (iNKT, γδ T, and MAIT cells) among T cells 
was 0.012–0.994%, 0.153–6.98%, and 0.13–10.29% 
respectively (Table 3).

Finally, in age group 66–90, median percentage 
of iNKT cells among T cells was 0.098%, ranging 
from 0.011 to 0.816%, γδ T cells was 1.5% ranging 
from 0.11 to 15.32%, and MAIT cells was 1.345 
ranging from 0.2 to 13.2%. The median absolute 
number of iNKT cells was 1 ranging from 0.1 to 
16 (cells/µL), γδ T cells was 20 ranging from 1 to 
160 (cells/µL), and MAIT cells was 16.5 ranging 
from 2 to 211 (cells/µL) respectively. Reference 
range for % of unconventional T cells (iNKT, γδ T, 
and MAIT cells) among T cells was 0.011–0.816%, 
0.11–15.32%, and 0.2–13.2% respectively 
(Table 3).

Age group–based analysis

The percentage and the absolute number of iNKT 
cells do not have any significant difference within 
the age groups, whereas γδ T cells and MAIT cells 

Table 2   Descriptive 
statistics of unconventional 
T cells obtained from total 
healthy adult PB samples of 
Caucasian population; data 
analyzed as a whole

Method (equipment) Parameter Median (min–max) 25–75% 2.5–97.5%

Hematology analyzer WBC (× 109/L) 6.66 (3.76–12.35) 5.86–7.77 4.59–10.62
Lymphocytes (× 109/L) 2.04 (0.97–4.91) 1.71–2.42 1.08–3.39

Flow cytometer T cell (% lymphocytes) 69.78 (45.92–84.42) 64.67–75.2 53.65–82.84
iNKT cells (% T cell) 0.095 (0.007–4.94) 0.042–0.254 0.01–1.52
γδ T cell (% T cell) 2.175 (0.078–16.09) 1.163–4.31 0.31–11.94
MAIT cells (% T cell) 2.99 (0.11–18.36) 1.43–5.4 0.27–10.74

Dual platform iNKT (cells/µL) 1.3 (0.1–63.5) 0.6–3.6 0.1–18.34
γδ T cell (cells/µL) 30 (1–249) 17.75–63 4.07–158
MAIT (cells/µL) 42 (2–261) 18–76 4–181
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showed negative relation with the age (Fig. 2). iNKT 
cell percentage and absolute numbers showed no sta-
tistically significant difference between the different 
age groups (p = 0.0899 and p = 0.0516 respectively), 
whereas a slight dip (median) is observed between 
the age groups 18–35 (0.136) and 36–50 (0.078); 
however, later age groups recovered the differences 
(Fig. 2).

γδ T cell percentage and absolute numbers 
both showed a significant difference between 
different age groups p < 0.0001, whereas Dunn’s 
multiple comparisons revealed that the younger 
age group (18–35) has significantly higher γδ T 
cells in comparison to other age groups (36–50, 
51–65, and 66–90); in addition, a significant dif-
ference was only achieved between the age group 

Table 3   Age group–wise descriptive statistics of unconventional T cells in healthy adult PB samples of Caucasian population

Age groups Method (equipment) Parameter Median (min–max) 25–75% 2.5–97.5%

18–35 Hematology analyzer WBC (× 109/L) 6.79 (3.76–12.24) 5.88–7.83 3.91–11.49
Lymphocytes (× 109/L) 2.07 (1.02–4.91) 1.778–2.465 1.04–4.24

Flow cytometer T cell (% lymphocytes) 69.61 (49.93–83.53) 66.19–72.25 53.86–82.94
iNKT cells (% T cell) 0.136 (0.007–4.94) 0.052–0.395 0.0074–4.47
γδ T cell (% T cell) 3.785 (0.685–16.09) 1.97–5.938 0.80–14.56
MAIT cells (% T cell) 5.025 (0.67–11.91) 3.038–7.218 0.793–11.39

Dual platform iNKT (cells/µL) 2.0 (0.1–63.5) 0.8–4.5 0.1–61.76
γδ T cell (cells/µL) 56.5 (9–249) 26.25–86.25 9.85–238
MAIT (cells/µL) 71 (10–183) 43.75–98.75 12.98–177

36–50 Hematology analyzer WBC (× 109/L) 6.66 (4.71–10.63) 5.91–7.62 4.79–10.13
Lymphocytes (× 109/L) 2.13 (1.05–3.05) 1.71–2.49 1.17–3.03

Flow cytometer T cell (% lymphocytes) 70.86 (53.59–83.01) 65.82–75.83 54.2–82.95
iNKT cells (% T cell) 0.078 (0.01–2.60) 0.041–0.199 0.011–1.98
γδ T cell (% T cell) 1.98 (0.11–11.97) 1.02–3.315 0.263–10.59
MAIT cells (% T cell) 3.42 (0.3–18.36) 1.555–5.02 0.404–13.2

Dual platform iNKT (cells/µL) 1.1 (0.1–44.1) 0.55–2.5 0.195–19.88
γδ T cell (cells/µL) 28 (1–203) 15–52.5 3.85–125
MAIT (cells/µL) 45 (5–261) 23–77.5 5–224

51–65 Hematology analyzer WBC (× 109/L) 6.77 (4.59–12.35) 5.91–7.89 4.74–11.93
Lymphocytes (× 109/L) 2.04 (0.97–4) 1.715–2.313 0.976–3.93

Flow cytometer T cell (% lymphocytes) 67.79 (45.92–84.42) 61.4–76.17 48.22–83.71
iNKT cells (% T cell) 0.108 (0.011–1.152) 0.039–0.208 0.012–0.994
γδ T cell (% T cell) 1.66 (0.078–7.23) 0.95–2.86 0.153–6.98
MAIT cells (% T cell) 1.85 (0.11–10.59) 0.642–2.378 0.13–10.29

Dual platform iNKT (cells/µL) 1.15 (0.1–13.2) 0.425–2.875 0.1–12.32
γδ T cell (cells/µL) 23.5 (1–122) 13–48.25 1.65–119
MAIT (cells/µL) 23.5 (2–102) 7.25–42.25 2.32–100

66–90 Hematology analyzer WBC (× 109/L) 6.31 (4.54–9.24) 4.90–7.37 4.54–9.24
Lymphocytes (× 109/L) 1.72 (1.2–3.56) 1.47–2.258 1.2–3.56

Flow cytometer T cell (% lymphocytes) 69.81 (52.45–81) 60.65–76.32 52.45–81
iNKT cells (% T cell) 0.098 (0.011–0.816) 0.024–0.159 0.011–0.816
γδ T cell (% T cell) 1.5 (0.11–15.32) 0.77–2.765 0.11–15.32
MAIT cells (% T cell) 1.345 (0.2–13.2) 0.34–2.403 0.2–13.2

Dual platform iNKT (cells/µL) 1 (0.1–16) 0.275–2.15 0.1–16
γδ T cell (cells/µL) 20 (1–160) 10–46 1–160
MAIT (cells/µL) 16.5 (2–211) 4–28.75 2–211
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18–35 vs 36–50, 51–65, and 66–90 (Fig.  2). 
Overall, median % γδ T cells decrease as 
increase in age groups, in age group 18–35, 3.78; 
in age group 36–50, 1.98; in age group 51–65, 
1.66; and in age group 66–90, 1.5 respectively 
(Table 3).

MAIT cells also showed a statistically signifi-
cant difference between the age groups for both 
percentages and absolute numbers p < 0.0001. 
Dunn’s multiple comparison showed not only the 
younger age groups (18–35) but middle-aged group 
(36–50) also have significantly higher MAIT cells 
in comparison to the older population (50–65 and 
66–90) (Fig. 2). Median % MAIT cells decreases as 
the age groups increase, in age group 18–35, 5.02; 

in age group 36–50, 3.42; in age group 51–65, 
1.85; and in age group 66–90, 1.34 respectively 
(Table 3).

Correlation with age

iNKT cells (% T cell) did not show any correlation 
with age group (p = 0.0695, r =  − 0.1277); how-
ever absolute number of iNKT cells showed mod-
est negative correlation (p = 0.0273, r =  − 0.1550). 
Both the percentage and the absolute number of γδ 
T cells and MAIT cells showed a stronger negative 
correlation with age (Fig.  3), concerning the rela-
tionship between various immunological parameters 
and ageing.

Fig. 2   Percentages and 
absolute numbers of 
iNKT, γδ, and MAIT 
cells in peripheral blood 
of healthy adult indi-
viduals 18–35-year-old 
compared to 36–50-, 
51–65-, and 66–90-year-
old; 36–50-year-old 
compared to 51–65 and 
66–90; 51–65 compared to 
66–90 years old. P values 
(Kruskal–Wallis test-Dunn 
multiple comparison) are 
indicated inside the graph-
ics (*p ≤ 0.05; **p ≤ 0.01; 
***p ≤ 0.001) 
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Discussion

An enormous number of studies have been published 
in the last two decades highlighting the importance 
of unconventional T cells, and have been explored in 
different pathological conditions, such as infections 
(bacterial, viral, and fungal), immune-mediated dis-
eases, autoimmune disorders, malignancies (solid and 
hematological), and cell-based immunotherapy. Char-
acteristics of unconventional T cells are shown to be 
affected by age, gender, race and can lead to signifi-
cant changes in the frequency and phenotype of these 
cells. However, there are very scanty studies done 
on healthy subjects to establish the reference range 
and it became very difficult to compare the results of 
patients because of the lacking of data and difference 
in previously published results.

There are very few studies performed on healthy 
individuals and to the best of our knowledge, our 
study is the only one that established the reference 
range for iNKT cells, γδ T cells, and MAIT cells 
together. The advantage of our study is that it is a 
single-center, prospective study covering iNKT cells, 
γδ T cells, and MAIT cells altogether, including 
homogeneous population (Caucasian), large number 
of gender-balanced samples, characterized with four 
age group–based distribution, and intensive exclu-
sion criteria. Our results for iNKT cells were similar 
to those obtained by Montoya et al., from 90 healthy 
adult individuals: 40 males and 50 females [49], Peter 
et.al., from 10 healthy volunteers [50], Lucas et.al., 
from 11 normal healthy adults [51], and Sandberg 
et.al., in a cohort of 75 healthy individuals [52]. How-
ever, Fereidouni et al., in 40 healthy adults (24 males, 

Fig. 3   Correlation between 
age and the percentages and 
absolute number of iNKT 
cells, γδ T cells, and MAIT 
cells in adult healthy popu-
lation. Spearman’s rank 
correlation coefficient and p 
values are indicated inside 
the graphics
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15 females; mean age 28 years) from Iran, reported a 
higher percentage of 6B11-iNKT cells among T lym-
phocytes compared to our results [53] (Tab s1). This 
higher percentage of iNKT cells can be explained 
by the fact that the mean age of their subjects was 
younger than the mean age of our subjects and the 
lower number of samples included in their study.

The majority of γδ T cells around 50–90% use Vγ9 
and Vδ2 as a variable element in peripheral blood 
[54] and are most commonly referred to as γδ T cells. 
Our data are comparable and in agreement with pre-
viously published cohorts such as Michishita et  al.’s 
study, on 120 healthy adult Japanese individuals (53 
males and 64 females, mean age 40 years) [55] and 
Sonia Fonseca et  al., on 30 Caucasian Portuguese 
healthy adults (18 males and 12 females, median age 
47 years) [56] (Tab s2), whereas the same studies pro-
vide contradictory data while comparing to pan γδ T 
marker; Michishita et  al., Sonia Fonseca et  al., and 
Andreu-Ballester et  al. reported significantly higher 
percentage and the absolute number of γδ T cells 
[55–57] (Tab s3).

Mucosa-associated invariant T cell frequency in 
PB is the highest among the unconventional T cells. 
Our results are in agreement with a similar cohort of 
133 Korean healthy individuals age ranging from 21 
to 92  years (48.1% females) by Lee et  al. [58], and 
Novak et al., on 100 blood samples, age ranging from 
0 to 100 years 50 male and 50 female [59] (Tab s4).

The frequency of cellular components of the 
immune system can change during ageing. In our 
study, we found that iNKT cells (median percent-
age and absolute numbers) do not follow immu-
nosenescence and there is no statistically significant 
difference between the age groups. A notable slight 
decrease was observed in median values between 
the young (18–35) and middle age group (36–50); 
however, later the decrease was recovered in further 
age groups. Our data do not match with previously 
published cohorts by Jing et  al. in 2007 on a total 
of 49 young (34 female and 15 male, median age 
30.2  years) and 101 elderly individuals (76 female 
and 25 male, median age 78.1 years) using two sets 
of markers Vα24 and Vβ11 antibody pair and CD1d 
tetramer within lymphocytes because they found a 
statistically significant difference between young 
and elderly population [60]. Peralbo et  al. obtained 
results on 25 young (mean of age was 29 years) and 
25 elderly (mean of age was 77  years) individuals 

and found that Vα24 + Vβ11 + cells among lympho-
cytes were significantly lower in elderly subjects 
when compared to young individuals [61]. A similar 
study was published in 2001 by Delarosa et  al., on 
9 young (mean of age was 27 years) and 10 elderly 
(mean of age was 81  years); they found that the 
elderly population showed a decreased percentage 
of Vα24 + NKT cells compared to young population 
[62]. As expected, the percentage of iNKT cells did 
not show any correlation with age, whereas absolute 
iNKT cells have a minor correlation. Fereidouni et al. 
published a study on 40 samples, where the mean age 
of the group was 28 years and found a negative corre-
lation between age and the percentage of iNKT cells.

There could be a few explanations to counter this 
discrepancy between our results and previously pub-
lished results. All the aforementioned studies were 
done in previous decades and different clones of anti-
bodies were used. 6B11 clone of iNKT cells specifi-
cally detects CDR3 region of the canonical Vα24Jα18 
TCR rearrangement, and it was found to detect lower 
yet specific iNKT when 6B11 clone was used together 
with Vα24 within CD3 + T cells [49, 63]. In the study 
conducted by Jing et  al., the representation of male 
versus female samples was unbalanced, which could 
distort the results. Our study was prospective with 
rigorous inclusion criteria and gender-balanced ratio, 
different age group samples are represented, and, last 
but not the least, sample size of the previous studies 
was lower compared to our study.

In contrast to iNKT cells, age-related changes 
in γδ T cells have been found in our study. Both 
percentages and absolute numbers showed a sig-
nificant difference between the age groups. Per-
centages and the absolute number of γδ T cells are 
higher in younger age and show a slight but not sig-
nificant decrease in middle-aged and older people. 
Similar results were published by Caccamo et  al. 
in 2006 at 3 different age groups (2–15, 20–30, 
and 30–60 years) showing that γδ T cells gradually 
decrease beyond the age of 20–30  years and this 
depletion process with age appears to be rather slow 
and steady [64]. Several other studies also confirm 
that the number of γδ T cells decreases with age 
[55, 65]. Our results are similar to those previously 
published by Fonseca et  al., who found that γδ T 
cell percentage and absolute number were nega-
tively correlating with age. Few other studies also 
proved the negative correlation of γδ T cells with 
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age [55, 56, 64, 65]. The advantage of our study is 
that it is a single-center, prospective study, includ-
ing homogeneous population (Caucasian), large 
number of samples, characterized with four age 
group–based distribution, and intensive exclusion 
criteria.

MAIT cell frequency (percentages and abso-
lute numbers) was found to be negatively correlated 
with the age group in our study. Lee et al. found that 
MAIT cell percentages were significantly lower in 
the middle and the elderly age group people than in 
the young group [58]. Chen et al. in 2019 published 
a study on a larger cohort including 379 healthy 
individuals (including 13 cord blood, 100 children 
(< 14  years old), 90 young-aged (20–40  years old), 
88 middle-aged (41–60 years old), 88 elderly (above 
60 years old)) and found that the percentage of MAIT 
cells progressively increased up to the young-aged 
group from cord blood; however, beyond young 
group, the frequency of MAIT cells decreases in older 
age groups [66]. Our results for MAIT cells were also 
in consensus with previously published studies that 
found a negative correlation of MAIT cells with age 
[59, 66].

Ageing is inevitable and various immune cells 
have been studied well in the context of immune age-
ing, leaving aside unconventional T cells. Like vari-
ous immune cells, unconventional T cells also get 
adversely affected by age-related pathological con-
ditions such as obesity, asthma, inflammatory bowel 
disease, diabetes, and cancers [67]. Cancer is an 
age-related disease; in the USA, 1.7% cancer-related 
deaths have been recorded in both genders who 
were < 40  years of age, whereas 90% of the cancers 
diagnosed in those are > 50 years of age [68]. The role 
of unconventional T cells in anti-tumor immunity was 
highlighted in various studies and a recent review by 
Nilberto et al. discussed the role of unconventional T 
cells in leukemia and anti-tumor immunity [69]. The 
age-related decrease in the number of unconventional 
T cells highlights the concern to age-related patho-
logical conditions, however to establish direct asso-
ciation demands more detailed studies. In this study, 
we have established age-dependent reference ranges 
of unconventional T cells, which might be used as a 
foundational study for further research/clinical stud-
ies to compare unconventional T cells and age-related 
pathological conditions or disease progression and 
follow-ups.

In conclusion, this study is representative of the 
Caucasian population, considering the age-related 
reference ranges of unconventional T cells found in 
healthy adult individuals, which provide a window to 
explore various areas investigating immune-mediated 
pathological conditions and disease prognosis in clin-
ical and research fields. In summary, γδ and MAIT 
cell frequency is higher in the younger age group than 
the elderly group and depicts a negative correlation 
with the age and supports immunosenescence. How-
ever, the frequency of iNKT cells has no statistical 
difference in the different age groups and a negative 
correlation with age was not observed.

Author contribution  Parvind Singh was involved in cell 
immunophenotyping, sample acquisition, preliminary flow 
cytometry data analysis and interpretation and writing the man-
uscript; Dr. Zoltán Mezei and Marianna Száraz-Széles contrib-
uted to donor recruitment and procurement of laboratory mate-
rials and management of patients data; Dr. Sándor Baráth and 
Dr. Zsuzsanna Hevessy are equally contributed to flow cytom-
etry data analysis and interpretation, sample selection proce-
dures, designed the experiments, performed flow cytometry 
data analysis and interpretation, collected and interpreted the 
data, analyzed statistics, reviewed the literature.

Funding  Open access funding provided by University of 
Debrecen.

Data availability  The data that supports the finding of the 
study is available from the corresponding author upon request.

Code availability  None.

Declarations 

Ethics approval  The study was approved by the institutional 
review board of the faculty of medicine, University of Debrecen 
(DE RKEB/IKEB 5404–2020).

Consent to participate  Not applicable.

Consent for publication  Not applicable.

Conflict of interest  The authors declare no competing inter-
ests.

Open Access  This article is licensed under a Creative Com-
mons Attribution 4.0 International License, which permits 
use, sharing, adaptation, distribution and reproduction in any 
medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Crea-
tive Commons licence, and indicate if changes were made. The 
images or other third party material in this article are included 



	 GeroScience

1 3
Vol:. (1234567890)

in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your 
intended use is not permitted by statutory regulation or exceeds 
the permitted use, you will need to obtain permission directly 
from the copyright holder. To view a copy of this licence, visit 
http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

References

	 1.	 Godfrey DI, Uldrich AP, Mccluskey J, Rossjohn J, Moody 
DB. The burgeoning family of unconventional T cellsGod-
frey, D.I. et al., 2015. The burgeoning family of unconven-
tional T cells., 16(11). Nat Immunol. 2015;16(11):1114–
24. https://​doi.​org/​10.​1038/​ni.​3298.​1114.

	 2.	 Godfrey DI, Le Nours J, Andrews DM, Uldrich AP, Ross-
john J. Unconventional T cell targets for cancer immuno-
therapy. Immunity. 2018;48(3):453–73. https://​doi.​org/​10.​
1016/j.​immuni.​2018.​03.​009.

	 3.	 T. Kawano et  al. “CD1d-restricted and TCR-mediated 
activation of V(α)14 NKT cells by glycosylceramides,” 
Science (80-. ). 1997 vol. 278, no. 5343, pp. 1626–1629. 
https://​doi.​org/​10.​1126/​scien​ce.​278.​5343.​1626.

	 4.	 Mattner J, et  al. Exogenous and endogenous glycolipid 
antigens activate NKT cells during microbial infections. 
Nature. 2005;434(7032):525–9. https://​doi.​org/​10.​1038/​
natur​e03408.

	 5.	 Metelitsa LS, Weinberg KI, Emanuel PD, Seeger RC. 
Expression of CD1d by myelomonocytic leukemias 
provides a target for cytotoxic NKT cells. Leukemia. 
2003;17(6):1068–77. https://​doi.​org/​10.​1038/​sj.​leu.​24029​
43.

	 6.	 Fais F, et  al. CD1d expression on B-precursor acute 
lymphoblastic leukemia subsets with poor prognosis. Leu-
kemia. 2005;19(4):551–6. https://​doi.​org/​10.​1038/​sj.​leu.​
24036​71.

	 7.	 M. Nowak et  al., “Defective NKT cell activation by 
CD1d+ TRAMP prostate tumor cells is corrected by 
interleukin-12 with alpha-galactosylceramide,” PLoS 
One. 2010 5 6. https://​doi.​org/​10.​1371/​journ​al.​pone.​00113​
11.

	 8.	 Liu D, et al. Medulloblastoma expresses CD1d and can be 
targeted for immunotherapy with NKT cells. Clin Immu-
nol. 2013;149(1):55–64. https://​doi.​org/​10.​1016/j.​clim.​
2013.​06.​005.

	 9.	 Zhu Y, et  al. Development of hematopoietic stem cell-
engineered invariant natural killer T cell therapy for can-
cer. Cell Stem Cell. 2019;25(4):542-557.e9. https://​doi.​
org/​10.​1016/j.​stem.​2019.​08.​004.

	10.	 M. A. Exley et  al., “HHS public access.” 2018 2314 
3510–3519. https://​doi.​org/​10.​1158/​1078-​0432.​CCR-​16-​
0600.​Adopt​ive.

	11.	 Heczey A, et  al. Anti-GD2 CAR-NKT cells in patients 
with relapsed or refractory neuroblastoma: an interim 
analysis. Nat Med. 2020;26(11):1686–90. https://​doi.​org/​
10.​1038/​s41591-​020-​1074-2.

	12.	 P. Y. Lam, M. D. Nissen, and S. R. Mattarollo, “Invari-
ant natural killer T cells in immune regulation of blood 
cancers: harnessing their potential in immunotherapies,” 
Front. Immunol. 2017 8 OCT 1–12. https://​doi.​org/​10.​
3389/​fimmu.​2017.​01355.

	13.	 Berzins SP, Smyth MJ, Baxter AG. Presumed guilty: 
natural killer T cell defects and human disease. Nat Rev 
Immunol. 2011;11(2):131–42. https://​doi.​org/​10.​1038/​
nri29​04.

	14.	 Beristain-Covarrubias N, Canche-Pool E, Gomez-Diaz 
R, Sanchez-Torres LE, Ortiz-Navarrete V. Reduced iNKT 
cells numbers in type 1 diabetes patients and their first-
degree relatives. Immun Inflamm Dis. 2015;3(4):411–9. 
https://​doi.​org/​10.​1002/​iid3.​79.

	15.	 Kozbor D, et  al. Human TCR-γ+/δ+, CD8+ T lympho-
cytes recognize tetanus toxoid in an MHC-restricted fash-
ion. J Exp Med. 1989;169(5):1847–51. https://​doi.​org/​10.​
1084/​jem.​169.5.​1847.

	16.	 Haregewoin A, Soman G, Hom RC, Finberg RW. 
Human γδ+ T cells respond to mycobacterial heat-shock 
protein. Nature. 1989;340(6231):309–12. https://​doi.​
org/​10.​1038/​34030​9a0.

	17.	 C. M. Shiromizu and C. C. Jancic, “γδ T lymphocytes: 
an effector cell in autoimmunity and infection,” Front. 
Immunol. 2018 9 OCT 1–8. https://​doi.​org/​10.​3389/​
fimmu.​2018.​02389.

	18.	 Imbert C, Olive D. γδ T cells in tumor microenviron-
ment. Adv Exp Med Biol. 2020;1273:91–104. https://​
doi.​org/​10.​1007/​978-3-​030-​49270-0_5.

	19.	 P. Maria Raffaella Zocchi and Alessandro, “role of gam-
madelta T lymphocytes in tumor defense,” Front. Biosci. 
2004 9, 2588–2604, vol. 85, no. 7, p. A7. https://​doi.​org/​
10.​1016/​s0003-​9993(04)​00507-6.

	20.	 Hayday AC. γδ cells: a right time and a right place for 
a conserved third way of protection. Annu Rev Immu-
nol. 2000;18:975–1026. https://​doi.​org/​10.​1146/​annur​
ev.​immun​ol.​18.1.​975.

	21.	 P. Constant et al., “Stimulation of human γδ T cells by 
nonpeptidic mycobacterial ligands,” Science (80-. ). 
1994 264 5156 267–270. https://​doi.​org/​10.​1126/​scien​
ce.​81466​60.

	22.	 Belmant C, et  al. A chemical basis for recognition of 
nonpeptide antigens by human γδ T cells*. FASEB J. 
2000;14(12):1669–70. https://​doi.​org/​10.​1096/​fj.​99-​
0909f​je.

	23.	 Groh V, Rhinehart R, Secrist H, Bauer S, Grabstein KH, 
Spies T. Broad tumor-associated expression and recog-
nition by tumor-derived γδ T cells of MICA and MICB. 
Proc Natl Acad Sci U S A. 1999;96(12):6879–84. 
https://​doi.​org/​10.​1073/​pnas.​96.​12.​6879.

	24.	 Bahram S, Inoko H, Shiina T, Radosavljevic M. MIC 
and other NKG2D ligands: from none to too many. Curr 
Opin Immunol. 2005;17(5):505–9. https://​doi.​org/​10.​
1016/j.​coi.​2005.​07.​016.

	25.	 Gober HJ, Kistowska M, Angman L, Jenö P, Mori L, 
De Libero G. Human T cell receptor γδ cells recognize 
endogenous mevalonate metabolites in tumor cells. J 
Exp Med. 2003;197(2):163–8. https://​doi.​org/​10.​1084/​
jem.​20021​500.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1038/ni.3298.1114
https://doi.org/10.1016/j.immuni.2018.03.009
https://doi.org/10.1016/j.immuni.2018.03.009
https://doi.org/10.1126/science.278.5343.1626
https://doi.org/10.1038/nature03408
https://doi.org/10.1038/nature03408
https://doi.org/10.1038/sj.leu.2402943
https://doi.org/10.1038/sj.leu.2402943
https://doi.org/10.1038/sj.leu.2403671
https://doi.org/10.1038/sj.leu.2403671
https://doi.org/10.1371/journal.pone.0011311
https://doi.org/10.1371/journal.pone.0011311
https://doi.org/10.1016/j.clim.2013.06.005
https://doi.org/10.1016/j.clim.2013.06.005
https://doi.org/10.1016/j.stem.2019.08.004
https://doi.org/10.1016/j.stem.2019.08.004
https://doi.org/10.1158/1078-0432.CCR-16-0600.Adoptive
https://doi.org/10.1158/1078-0432.CCR-16-0600.Adoptive
https://doi.org/10.1038/s41591-020-1074-2
https://doi.org/10.1038/s41591-020-1074-2
https://doi.org/10.3389/fimmu.2017.01355
https://doi.org/10.3389/fimmu.2017.01355
https://doi.org/10.1038/nri2904
https://doi.org/10.1038/nri2904
https://doi.org/10.1002/iid3.79
https://doi.org/10.1084/jem.169.5.1847
https://doi.org/10.1084/jem.169.5.1847
https://doi.org/10.1038/340309a0
https://doi.org/10.1038/340309a0
https://doi.org/10.3389/fimmu.2018.02389
https://doi.org/10.3389/fimmu.2018.02389
https://doi.org/10.1007/978-3-030-49270-0_5
https://doi.org/10.1007/978-3-030-49270-0_5
https://doi.org/10.1016/s0003-9993(04)00507-6
https://doi.org/10.1016/s0003-9993(04)00507-6
https://doi.org/10.1146/annurev.immunol.18.1.975
https://doi.org/10.1146/annurev.immunol.18.1.975
https://doi.org/10.1126/science.8146660
https://doi.org/10.1126/science.8146660
https://doi.org/10.1096/fj.99-0909fje
https://doi.org/10.1096/fj.99-0909fje
https://doi.org/10.1073/pnas.96.12.6879
https://doi.org/10.1016/j.coi.2005.07.016
https://doi.org/10.1016/j.coi.2005.07.016
https://doi.org/10.1084/jem.20021500
https://doi.org/10.1084/jem.20021500


GeroScience	

1 3
Vol.: (0123456789)

	26.	 Uchida R, et  al. γδT cells kill myeloma cells by sens-
ing mevalonate metabolites and ICAM-1 molecules 
on cell surface. Biochem Biophys Res Commun. 
2007;354(2):613–8. https://​doi.​org/​10.​1016/j.​bbrc.​2007.​
01.​031.

	27.	 Legut M, Cole DK, Sewell AK. The promise of γδT 
cells and the γδT cell receptor for cancer immunother-
apy. Cell Mol Immunol. 2015;12(6):656–8. https://​doi.​
org/​10.​1038/​cmi.​2015.​28.

	28.	 D. C. Deniger, J. S. Moyes, and L. J. N. Cooper, “Clini-
cal applications of gamma delta T cells with multivalent 
immunity,” Front. Immunol. 2014 5 DEC 1–10. https://​
doi.​org/​10.​3389/​fimmu.​2014.​00636.

	29.	 D. Gogoi and S. V. Chiplunkar, “Targeting gamma delta 
T cells for cancer immunotherapy: bench to bedside,” 
Indian J. Med. Res. 2013 138 NOV 755–761.

	30.	 Treiner E, et  al. Erratum: Selection of evolutionar-
ily conserved mucosal-associated invariant T cells 
by MR1 (Nature (2003) 422 (164–169)). Nature. 
2003;423(6943):1018. https://​doi.​org/​10.​1038/​natur​
e01700.

	31.	 Godfrey DI, Koay HF, McCluskey J, Gherardin NA. The 
biology and functional importance of MAIT cells. Nat 
Immunol. 2019;20(9):1110–28. https://​doi.​org/​10.​1038/​
s41590-​019-​0444-8.

	32.	 Dusseaux M, et  al. Human MAIT cells are xenobiotic-
resistant, tissue-targeted, CD161 hi IL-17-secreting T 
cells. Blood. 2011;117(4):1250–9. https://​doi.​org/​10.​
1182/​blood-​2010-​08-​303339.

	33.	 Gherardin NA, et  al. Human blood MAIT cell sub-
sets defined using MR1 tetramers. Immunol Cell Biol. 
2018;96(5):507–25. https://​doi.​org/​10.​1111/​imcb.​12021.

	34.	 Corbett AJ, et  al. T-cell activation by transitory neo-anti-
gens derived from distinct microbial pathways. Nature. 
2014;509(7500):361–5. https://​doi.​org/​10.​1038/​natur​e13160.

	35.	 Reantragoon R, et  al. Antigen-loaded MR1 tetramers 
define T cell receptor heterogeneity in mucosal-associated 
invariant T cells. J Exp Med. 2013;210(11):2305–20. 
https://​doi.​org/​10.​1084/​jem.​20130​958.

	36.	 Salou M, Franciszkiewicz K, Lantz O. MAIT cells in 
infectious diseases. Curr Opin Immunol. 2017;48:7–14. 
https://​doi.​org/​10.​1016/j.​coi.​2017.​07.​009.

	37.	 Meermeier EW, Harriff MJ, Karamooz E, Lewinsohn 
DM. MAIT cells and microbial immunity. Immunol Cell 
Biol. 2018;96(6):607–17. https://​doi.​org/​10.​1111/​imcb.​
12022.

	38.	 Ussher JE, Willberg CB, Klenerman P. MAIT cells and 
viruses. Immunol Cell Biol. 2018;96(6):630–41. https://​
doi.​org/​10.​1111/​imcb.​12008.

	39.	 E. T., Parrot, J.-B., Gorin, A., Ponzetta, K.T., Maleki, 
T., Kammann, J., Emgard, A., Perez-Potti, T., Sekine, 
O., Rivera-Ballesteros, S., Gredmark-Russ, A., Norrby-
Teglund, H.-G., Ljunggren, N.K., Bjorkstrom, M., Bug-
gert, J., Klingstrom, J.K., Sandberg, E., “MAIT cell acti-
vation and dynamics associated with COVID-19 disease 
severity,” Sci. Immunol. 2020 5 51 1–14. [Online]. Avail-
able: https://​immun​ology.​scien​cemag.​org/​conte​nt/​immun​
ology/5/​51/​eabe1​670.​full.​pdf.

	40.	 Rouxel O, Lehuen A. Mucosal-associated invariant T cells 
in autoimmune and immune-mediated diseases. Immunol 

Cell Biol. 2018;96(6):618–29. https://​doi.​org/​10.​1111/​
imcb.​12011.

	41.	 Kurioka A, Walker LJ, Klenerman P, Willberg CB. MAIT 
cells: new guardians of the liver. Clin Transl Immunol. 
2016;5(8):e98. https://​doi.​org/​10.​1038/​cti.​2016.​51.

	42.	 Ling L et al., “Circulating and tumor-infiltrating mucosal 
associated invariant T (MAIT) cells in colorectal cancer 
patients,” Sci. Rep. 2016 6 May 2015 1–10. https://​doi.​
org/​10.​1038/​srep2​0358.

	43.	 Zabijak L, et al. Increased tumor infiltration by mucosal-
associated invariant T cells correlates with poor survival 
in colorectal cancer patients. Cancer Immunol Immu-
nother. 2015;64(12):1601–8. https://​doi.​org/​10.​1007/​
s00262-​015-​1764-7.

	44.	 Won EJ, et al. Clinical relevance of circulating mucosal-
associated invariant T cell levels and their anti-cancer 
activity in patients with mucosal-associated cancer. Onco-
target. 2016;7(46):76274–90. https://​doi.​org/​10.​18632/​
oncot​arget.​11187.

	45.	 Duan M, et  al. Activated and exhausted MAIT cells 
foster disease progression and indicate poor out-
come in hepatocellular carcinoma. Clin Cancer Res. 
2019;25(11):3304–16. https://​doi.​org/​10.​1158/​1078-​
0432.​CCR-​18-​3040.

	46.	 Mérédis F, et al. Both mucosal-associated invariant and 
natural killer T-cell deficiency in multiple myeloma 
can be countered by PD-1 inhibition. Haematologica. 
2016;23(4):471–3.

	47.	 Ligthart GJ, et al. Admission criteria for immunogeron-
tological studies in man: the senieur protocol. Mech 
Ageing Dev. 1984;28(1):47–55. https://​doi.​org/​10.​1016/​
0047-​6374(84)​90152-0.

	48.	 Gary M.L. Horowitz, MD, Sousan Altaie, PhD, James 
C. Boyd, et  al. “EP28-A3c: defining, establishing, and 
verifying reference intervals in the clinical laboratory; 
approved guideline—third edition,” Clin. Lab. Stand. 
Inst. 2010 28 October 12. [Online]. Available: www.​
clsi.​org.

	49.	 Montoya CJ, et  al. Characterization of human invariant 
natural killer T subsets in health and disease using a novel 
invariant natural killer T cell-clonotypic monoclonal anti-
body, 6B11. Immunology. 2007;122(1):1–14. https://​doi.​
org/​10.​1111/j.​1365-​2567.​2007.​02647.x.

	50.	 Lee PT, Benlagha K, Teyton L, Bendelac A. Distinct 
functional lineages of human Vα24 natural killer T cells. 
J Exp Med. 2002;195(5):637–41. https://​doi.​org/​10.​1084/​
jem.​20011​908.

	51.	 Lucas M, et  al. Frequency and phenotype of circulating 
Vα24/Vβ11 double-positive natural killer T cells during 
hepatitis C virus infection. J Virol. 2003;77(3):2251–7. 
https://​doi.​org/​10.​1128/​jvi.​77.3.​2251-​2257.​2003.

	52.	 Sandberg JK, Bhardwaj N, Nixon DF. Dominant effector 
memory characteristics, capacity for dynamic adaptive 
expansion, and sex bias in the innate Vα24 NKT cell com-
partment. Eur J Immunol. 2003;33(3):588–96. https://​doi.​
org/​10.​1002/​eji.​20032​3707.

	53.	 Fereidouni M, Hosseini RF, Azad FJ, Schenkel J, Varasteh 
A, Mahmoudi M. Frequency of circulating iNKT cells 
among Iranian healthy adults. Cytom Part B - Clin Cytom. 
2010;78(1):65–9. https://​doi.​org/​10.​1002/​cyto.b.​20489.

https://doi.org/10.1016/j.bbrc.2007.01.031
https://doi.org/10.1016/j.bbrc.2007.01.031
https://doi.org/10.1038/cmi.2015.28
https://doi.org/10.1038/cmi.2015.28
https://doi.org/10.3389/fimmu.2014.00636
https://doi.org/10.3389/fimmu.2014.00636
https://doi.org/10.1038/nature01700
https://doi.org/10.1038/nature01700
https://doi.org/10.1038/s41590-019-0444-8
https://doi.org/10.1038/s41590-019-0444-8
https://doi.org/10.1182/blood-2010-08-303339
https://doi.org/10.1182/blood-2010-08-303339
https://doi.org/10.1111/imcb.12021
https://doi.org/10.1038/nature13160
https://doi.org/10.1084/jem.20130958
https://doi.org/10.1016/j.coi.2017.07.009
https://doi.org/10.1111/imcb.12022
https://doi.org/10.1111/imcb.12022
https://doi.org/10.1111/imcb.12008
https://doi.org/10.1111/imcb.12008
https://immunology.sciencemag.org/content/immunology/5/51/eabe1670.full.pdf
https://immunology.sciencemag.org/content/immunology/5/51/eabe1670.full.pdf
https://doi.org/10.1111/imcb.12011
https://doi.org/10.1111/imcb.12011
https://doi.org/10.1038/cti.2016.51
https://doi.org/10.1038/srep20358
https://doi.org/10.1038/srep20358
https://doi.org/10.1007/s00262-015-1764-7
https://doi.org/10.1007/s00262-015-1764-7
https://doi.org/10.18632/oncotarget.11187
https://doi.org/10.18632/oncotarget.11187
https://doi.org/10.1158/1078-0432.CCR-18-3040
https://doi.org/10.1158/1078-0432.CCR-18-3040
https://doi.org/10.1016/0047-6374(84)90152-0
https://doi.org/10.1016/0047-6374(84)90152-0
http://www.clsi.org
http://www.clsi.org
https://doi.org/10.1111/j.1365-2567.2007.02647.x
https://doi.org/10.1111/j.1365-2567.2007.02647.x
https://doi.org/10.1084/jem.20011908
https://doi.org/10.1084/jem.20011908
https://doi.org/10.1128/jvi.77.3.2251-2257.2003
https://doi.org/10.1002/eji.200323707
https://doi.org/10.1002/eji.200323707
https://doi.org/10.1002/cyto.b.20489


	 GeroScience

1 3
Vol:. (1234567890)

	54.	 Schondelmaier S, Wesch D, Pechhold K, Kabelitz D. Vγ 
gene usage in peripheral blood γδ T cells. Immunol Lett. 
1993;38(2):121–6. https://​doi.​org/​10.​1016/​0165-​2478(93)​
90176-3.

	55.	 Michishita Y, et al. Age-associated alteration of γδ T-cell 
repertoire and different profiles of activation-induced death 
of Vδ1 and Vδ2 T cells. Int J Hematol. 2011;94(3):230–
40. https://​doi.​org/​10.​1007/​s12185-​011-​0907-7.

	56.	 S. Fonseca, V. Pereira, C. Lau, M. dos A. Teixeira, M. 
Bini-Antunes, and M. Lima, “Human peripheral blood 
gamma delta T cells: report on a series of healthy Cauca-
sian Portuguese adults and comprehensive review of the 
literature,” Cells. 2020 9 3 729. https://​doi.​org/​10.​3390/​
cells​90307​29.

	57.	 J. C. Andreu-Ballester et  al., “Values for αβ and γδ 
T-lymphocytes and CD4+, CD8+, and CD56+ subsets 
in healthy adult subjects: assessment by age and gen-
der,” Cytom. Part B - Clin. Cytom. 2012 82 B 4 238–244. 
https://​doi.​org/​10.​1002/​cyto.b.​21020.

	58.	 Lee OJ, et  al. Circulating mucosal-associated invariant T 
cell levels and their cytokine levels in healthy adults. Exp 
Gerontol. 2014;49(1):47–54. https://​doi.​org/​10.​1016/j.​exger.​
2013.​11.​003.

	59.	 Novak J, Dobrovolny J, Novakova L, Kozak T. The 
decrease in number and change in phenotype of mucosal-
associated invariant T cells in the elderly and differences 
in men and women of reproductive age. Scand J Immunol. 
2014;80(4):271–5. https://​doi.​org/​10.​1111/​sji.​12193.

	60.	 Jing Y, et al. Aging is associated with a rapid decline in 
frequency, alterations in subset composition, and enhanced 
Th2 response in CD1d-restricted NKT cells from human 
peripheral blood. Exp Gerontol. 2007;42(8):719–32. 
https://​doi.​org/​10.​1016/j.​exger.​2007.​01.​009.

	61.	 Peralbo E, DelaRosa O, Gayoso I, Pita ML, Tarazona R, 
Solana R. Decreased frequency and proliferative response 
of invariant Vα24Vβ11 natural killer T (iNKT) cells in 
healthy elderly. Biogerontology. 2006;7(5–6):483–92. 
https://​doi.​org/​10.​1007/​s10522-​006-​9063-5.

	62.	 DelaRosa O, et  al. Vα24+ NKT cells are decreased in 
elderly humans. Exp Gerontol. 2002;37(2–3):213–7. 
https://​doi.​org/​10.​1016/​S0531-​5565(01)​00186-3.

	63.	 Boeck CL, et al. Significance of frequencies, compositions, 
and/or antileukemic activity of (DC-stimulated) invariant 
NKT, NK and CIK cells on the outcome of patients with 
AML, ALL and CLL. J Immunother. 2017;40(6):224–48. 
https://​doi.​org/​10.​1097/​CJI.​00000​00000​000171.

	64.	 Caccamo N. Sex-specific phenotypical and functional dif-
ferences in peripheral human V 9/V 2 T cells. J Leukoc 
Biol. 2006;79(4):663–6. https://​doi.​org/​10.​1189/​jlb.​11056​
40.

	65.	 Argentati K, et al. Numerical and functional alterations of 
circulating γδ T lymphocytes in aged people and cente-
narians. J Leukoc Biol. 2002;72(1):65–71. https://​doi.​org/​
10.​1189/​jlb.​72.1.​65.

	66.	 P. Chen et  al., “Circulating mucosal-associated invari-
ant T cells in a large cohort of chiniese individuals from 
newborn to elderly,” Front. Immunol. 2019 10 FEB 1–12. 
https://​doi.​org/​10.​3389/​fimmu.​2019.​00260.

	67.	 Hanson ED, Bates LC, Bartlett DB, Campbell JP. Does 
exercise attenuate age- and disease-associated dys-
function in unconventional T cells? Shining a light on 
overlooked cells in exercise immunology. Eur J Appl 
Physiol. 2021;121(7):1815–34. https://​doi.​org/​10.​1007/​
s00421-​021-​04679-4.

	68.	 Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. 
CA Cancer J Clin. 2018;68(1):7–30. https://​doi.​org/​10.​
3322/​caac.​21442.

	69.	 N. D. De Araújo et  al., “Translating unconventional T 
cells and their roles in leukemia antitumor immunity,” J. 
Immunol. Res. 2021 2021 Cll. https://​doi.​org/​10.​1155/​
2021/​66338​24.

Publisher’s note  Springer Nature remains neutral with regard 
to jurisdictional claims in published maps and institutional 
affiliations.

https://doi.org/10.1016/0165-2478(93)90176-3
https://doi.org/10.1016/0165-2478(93)90176-3
https://doi.org/10.1007/s12185-011-0907-7
https://doi.org/10.3390/cells9030729
https://doi.org/10.3390/cells9030729
https://doi.org/10.1002/cyto.b.21020
https://doi.org/10.1016/j.exger.2013.11.003
https://doi.org/10.1016/j.exger.2013.11.003
https://doi.org/10.1111/sji.12193
https://doi.org/10.1016/j.exger.2007.01.009
https://doi.org/10.1007/s10522-006-9063-5
https://doi.org/10.1016/S0531-5565(01)00186-3
https://doi.org/10.1097/CJI.0000000000000171
https://doi.org/10.1189/jlb.1105640
https://doi.org/10.1189/jlb.1105640
https://doi.org/10.1189/jlb.72.1.65
https://doi.org/10.1189/jlb.72.1.65
https://doi.org/10.3389/fimmu.2019.00260
https://doi.org/10.1007/s00421-021-04679-4
https://doi.org/10.1007/s00421-021-04679-4
https://doi.org/10.3322/caac.21442
https://doi.org/10.3322/caac.21442
https://doi.org/10.1155/2021/6633824
https://doi.org/10.1155/2021/6633824

	Age-dependent frequency of unconventional T cells in a healthy adult Caucasian population: a combinational study of invariant natural killer T cells, γδ T cells, and mucosa-associated invariant T cells
	Abstract 
	Introduction
	Material and method
	Exclusion criteria
	Study population
	Blood sample collection and cell counting
	Sample stability
	Flow cytometry
	Statistical analysis

	Results
	Population statistics
	Sample stability
	Descriptive statistics of unconventional T cells
	Age group–based descriptive statistics
	Age group–based analysis
	Correlation with age

	Discussion
	References


