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Abstract
Background: Common variable immunodeficiency (CVID) is one of the most prevalent forms of 
primary immunodeficiency diseases (PID). CVID is characterized by failure in the final differen-
tiation of B lymphocytes and impaired antibody production but the pathogenesis is not known 
in the majority of patients. We postulated that the expression pattern of miRNAs in unsolved 
CVID patients might be the underlying epigenetic cause of the disease. Therefore, we aimed to 
assess the expression of hsa-miR-210-5p and FOXP3 transcription factor in CVID cases in com-
parison with healthy individuals.
Methods: Eleven CVID cases with no genetic defects (all PID known genes excluded) and 10 
sex and age-matched healthy individuals were enrolled in the study. T lymphocytes were 
purified from PBMC, and expression levels of miR-210-5p and FOXP3 mRNA were evaluated by 
real-time PCR.
Results: We demonstrated that miR-210 expression in patients was significantly higher than 
the control group (P = 0.03). FOXP3 expression was slightly lower in patients compared with 
healthy controls (P = 0.86). There was a negative correlation between miR and gene expression 
(r: −0.11, P = 0.73). Among various clinical complications, autoimmunity showed a considerable 
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Introduction

Common variable immunodeficiency (CVID) is a primary 
immunodeficiency (PID) characterized by defects in B cell 
differentiation and antibody production. Affected patients 
manifest various clinical manifestations such as recurrent 
respiratory tract infections, autoimmunity, interstitial lung 
disease, lymphoproliferation, enteropathy, malignancies, 
and allergic disease.1 Increased susceptibility to infections, 
marked reduction of serum IgG, IgA, and/or IgM levels 
along with poor specific antibody production against pro-
tein and polysaccharide antigens are the major diagnos-
tic parameters of CVID.2 Immunoglobulin (Ig) replacement 
and antimicrobial agents are commonly highly effective 
at preventing and treating infections in CVID patients.3 
Several monogenic disorders including the lipopolysaccha-
rides responsive beige-like anchor (LRBA) and cytotoxic 
T-lymphocyte- associated protein 4 (CTLA4) which affect 
the function of regulatory T cells (Treg) can clinically pres-
ent as CVID.1 However, these affect less than 40% of CVID 
patients in non-consanguineous cohorts and approximately 
60% of CVID patients in consanguineous cohorts. These 
mutations could be involved in the differentiation of B cells 
and T cells, as impaired B and T cell subsets (including 
Treg) have been reported so far.1,4,5 Although genetic muta-
tions have clarified some aspects of the pathogenesis of 
CVID, there are some cases with no known PID or candidate 
genetic mutations.

Alteration of epigenetic profile could be considered 
as a pathogenic cause for the manifestation in patients 
with unsolved CVID.6 Epigenetic regulate gene expression 
without altering the DNA sequence. DNA methylation, 
histone-chromatin modification, transcription factor, and 
non-coding RNAs expression are the epigenetic mecha-
nisms influencing the development and functions of rapidly 
evolving immune cells.6 MicroRNAs are a subgroup of short 
non-coding RNAs acting as small immune regulators of B and 
T cells. The importance of miRNAs action in the immune 
system was first highlighted in studies that reported that 
Argonaute 2 breakage in hematopoietic stem cells impairs 
B cell differentiation.7 Several studies revealed the role of 
miRNAs in the regulation, development, and differentiation 
of lymphocytes. In this regard, the aberrant expression of 
miRNAs has been reported to be related to immune sys-
tem malfunction in various immunologic complications.8–10 
As an example, miR-210-5p directly inhibits FOXP3 expres-
sion, which is known as the essential transcription factor in 
the development and function of regulatory T (Treg) lym-
phocytes, and its upregulation is associated with patholog-
ical conditions.11,12 Since immune cells are constantly under 

severe morphologic and functional changes to exert proper 
immune response, the immune system is always susceptible 
to drastic epigenetic changes.13

Epigenetic studies on PID patients are scarce, espe-
cially in CVID. Few studies investigated the alteration of 
DNA methylation in CVID patients.6,11,12 In the present study, 
we aimed to evaluate the expression pattern of miR-210-5p 
that can regulate Treg cells of CVID patients without the 
genetic mutation.

Material and methods

Study population/sampling and preparations

We evaluate all registered available CVID patients14 who 
referred to the PID clinic of the Children’s Medical Center 
affiliated to Tehran University of Medical Sciences, Tehran, 
Iran. The ethics committee of Tarbiat Modares University 
approved the study (ID number: IR.TMU.REC.1396.731); 
participants were informed about the project and written 
consent was obtained from them and/or their parents. The 
patients were clinically diagnosed as CVID according to the 
European Society for Immune deficiencies disease (ESID) 
criteria.2 In addition to ESID criteria, we excluded patients 
who have demonstrated genetic defects after whole-ex-
ome sequencing (WES) in known PID genes15 or candidate 
PID genes.16 The procedure of WES has been described in 
our previous study.4 The demographic and clinical data 
of the patients were extracted from the Iranian National 
Registry of PID patients. Moreover, age- and sex-matched 
individuals with no records of immune-based diseases were 
chosen as a healthy control group (HC).

Peripheral mononuclear cell isolation and  
T cell purification

Blood samples (5 mL) were obtained from CVID patients 4 
weeks after routine monthly intravenous immunoglobulin 
(IVIG) treatment and were collected in 6 mL K2 ethylene-
diaminetetraacetic acid (EDTA) tubes. Peripheral blood 
mononuclear cells (PBMCs) of patients and controls were 
isolated by Ficoll-PaqueTM plus density gradient (Biosera, 
France) and centrifugation at 600 g for 30 min. After wash-
ing twice, the number of cells was determined using trypan 
blue staining. T lymphocytes were negatively purified using 
a human pan T cell isolation kit (Miltenyi Biotec, Bergisch 
Gladbach, Germany) according to the manufacturer guide-
lines. Firstly, 107 cells were magnetically labeled with 10 µL 

rate in high-miR patients (P = 0.12, 42.8%), while autoimmunity was not observed in normal miR-
210 patients.
Conclusions: Our results suggest a role for miR-210 in the pathogenesis of autoimmunity in 
CVID patients. Further studies would better elucidate epigenetic roles in CVID patients with no 
genetic defects.
© 2021 Codon Publications. Published by Codon Publications.
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of a cocktail of biotin-conjugated antibodies against CD14, 
CD15, CD16, CD19, CD34, CD36, CD56, CD123, and CD235a 
(GlycophorinA). After 5 min of incubation at 4◦C, 20 µL of 
anti-biotin microbeads were added to the labeled cells. 
A further 10 min of incubation prepared the cells for the 
following step. MACS LS column was retained with 3 mL of 
the buffer, then cell suspension was loaded into the col-
umn. Flow-through contained untouched enriched T lym-
phocytes. The purity of the T cell population was assessed 
above 95% by flow cytometry (Figure S1). Lymphocyte sub-
sets of the patients were evaluated based on our previous 
study.17

RNA extraction

Total RNA was extracted using TRIzolTM Reagent (InvitrogenTM, 
USA) and at room temperature (RT). Freshly purified T cells 
were homogenized with 1 mL of Trizol reagent and were 
incubated for 5 min at RT for complete dissociation of nucle-
oproteins complex.

0.2 mL chloroform was added to separate the homog-
enate into the upper clear layer of RNA, interphase (con-
taining DNA and protein) and lower red-phenol layer. The 
aqueous phase was transferred to a new tube and 0.6 mL 
isopropanol was added to precipitate RNA. After cen-
trifugation, a white gel-like pellet of RNA formed at the 
bottom of the tube. The supernatant was discarded, and 
the RNA pellet was washed with 1 mL of 75% ethanol to 
remove impurities. After centrifugation at 7500 g for 5 min, 
the supernatant was discarded and the pellet was air-dried 
for 10 min to prevent phenol contamination. The pellet was 
re-suspended with 20 µL of nuclease-free water and was 
incubated in a water bath set at 58◦C for 15 min.

Quantitative PCR for miR-210 and FOXP3 
expression

According to the bioinformatics software programs 
Targetscan and miRwalk, miR-210 has potential target sites 
in the 3′ untranslated region (UTR) of FOXP3 gene (Figure 
S2). Stem-loop double-stranded cDNAs for hsa-miR-210-5p 
were synthesized through a two-step procedure using 
a BON-Stem miR cDNA synthesis kit (Bon Yakhte, Iran). 
All steps were performed on ice. First, 500 ng (5 µL) of 
extracted RNA and 1 µL of Bon-RT stem-loop adaptor (10 µM) 
were mixed in a 0.2 mL tube, then 6 µL of diethyl pyrocar-
bonate (DEPC) water was added reaching the volume to 
12 µL. After 5 min of incubation at 75°C, tubes were placed 
on ice and 4 µL of 5X buffer, 2 µL of deoxynucleotide (dNTP) 
mix (10 mM), and 1 µL of reverse transcriptase (RT) enzyme 
(5 U/µL) were added to the reaction. Reverse transcrip-
tion was then performed using a thermocycler (Applied 
Biosystem, USA) with the following cycling conditions: 
one cycle of 25°C for 10 min, 42°C for 60 min, and 70°C 
for 10 min. The expression level of miR-210 was measured 
by quantitative real-time PCR, using RealQ Plus 2x Master 
Mix Green High ROX (Amplicon, Denmark). Twenty micro-
liter reactions containing 10 µL of mastermix, 7 µL of DEPC 
water, 1 µL of miR-210 specific reverse and forward prim-
ers (Bon Yakhte) plus 2 µL of cDNA were run in duplicate at 

95°C for 15 min, followed by 40 cycles at 95°C for 15 s and 
60°C for 1 min. Small nucleolar RNA (SNORD, Bon Yakhte) 
was used as an endogenous control. The relative expression 
levels of miRNA in patients and control groups were cal-
culated using the comparative cycle threshold (Ct) method 
and fold changes were calculated by the expression 2-ΔΔCt.

For FOXP3 quantitative PCR analysis, cDNA was syn-
thesized using the FIREScript RT cDNA synthesis kit (Solis 
Biodyne, Latvia). The procedure was conducted on ice and 
in two steps according to the manufacturer’s protocol. 
Briefly, 500 ng of template RNA was mixed with 1 µL of Oligo 
(dT) primer (100 µM) and random primers (100 µM). The 
reaction volume was reached to 16 µL with nuclease-free 
water and incubated at 65°C for 5 min and was then placed 
on ice for the following step. 2 µL of 10x RT reaction buf-
fer with dichloro-diphenyl- trichloroethane (DDT), 1 µL of 
FIREScript RT plus 0.5 µL of dNTP and RNase inhibitor were 
added to the tubes and were reverse-transcribed according 
to the following program: one cycle of 25°C for 10 min and 
50°C for 60 min, followed by a final step of 85°C for 5 min 
for enzyme inactivation. Real-time PCR was performed 
using FOXP3 specific reverse and forward primers (Pishgam, 
Iran) and the same master mix was used. Reactions were 
prepared at the total volume of 20 µL and were run in dupli-
cate at 95°C for 15 min, followed by 40 cycles at 95°C for 
15 s and 60°C for 1 min. Hypoxanthine-guanine phosphoribo-
syltransferase (HPRT) was used as an internal control. The 
relative expression levels of FOXP3 in patients and control 
groups were calculated using the comparative Ct method 
and fold changes were calculated by the expression 2-ΔΔCt. 
Primer sequences used in RT-PCR are presented in Table S1.

Statistical analysis

Statistical analysis of qRT-PCR data was performed using 
Graphpad Prism version 8.2. (La Jolla, CA, USA). Further 
analyses were carried out using SPSS version 22 (SPSS 
Inc., Chicago, IL, USA). Frequencies were reported with 
mean ± standard deviation and median (interquartile range, 
IQR), as appropriate. In order to assess the normality of 
the variables, Kolmogorov–Smirnoff tests were used, then 
the following parametric and non-parametric tests were 
carried out based on this assumption. Independent sam-
ple T-test and Mann–Whitney tests were used in order to 
compare numerical variables of parametric and non-para-
metric distribution, respectively. For 2 × 2 comparison of 
categorical variables, chi-square and Fisher’s exact tests 
were used. Pearson’s and Spearman correlation coeffi-
cients were used to assess the correlation between para-
metric and non-parametric values, respectively. In each 
test, a P-value of 0.05 or less was considered significant.

Results

Patients

Eleven unsolved CVID patients (three females [27.27%]) 
with a median (IQR) age at diagnosis of 13 (10–27) years 
were included. Patients were followed for a median 
(IQR) of 11 (7–15) years. Seven (63.6%) patients were from 
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Increased miR-210 expression in CVID T cells

To investigate miR-210 expression in T cells, we compared 
the expression of miR-210 between CVID patients and 10 
healthy age-sex matched controls by real-time PCR. Our 
results showed that miR-210 expression had a significant 
increase (with a fold change of 5.6) in CVID patients com-
pared with healthy controls (P = 0.03, Figure 1). This means 
that miR-210-5p relative expression increased compared with 
the control group. In addition, we compared each patient’s 
expression to the average of miR-210 expression in patients 
and observed that five individuals (P4, P6, P7, P8, P9) had 
miR-210 expression above the average of patients (Figure S3).

Decreased FOXP3 expression in CVID patients

Aligned with the reduction of Treg cells in eight studied 
patients, analyses of qRT-PCR showed that FOXP3 mRNA in 
CVID patients had lower expression compared with healthy 
controls. However, as shown in Figure 1, it was a slight 
decrease (mean fold change: 0.87) and the difference was 
not significant between controls and patients (P = 0.75). 
Evaluating the relative expression in patients individually, 
showed that seven patients (P1, P2, P6, P7, P8, P10, P11) 
had lower expression than the average of FOXP3 expression 

consanguineous parents. Table 1 depicts the demographic 
and immunological data of the studied patients. The most 
prevalent clinical manifestations observed in our cases 
were recurrent infections (81.9%) and most patients expe-
rienced otitis and sinusitis, recurrent diarrhea (82.7%), and 
lymphoproliferation (63.6%). Only three patients (27.3%) 
had a history of autoimmunity and none showed evidence 
of malignancy (Table 2).

Table 2  Clinical manifestations of CVID patients.

Parameters Total (N = 11)

First presentation with 
respiratory infection, N (%)

6 (54.5)

First presentation with non-
respiratory infection, N (%)

7 (63.6)

Recurrent infection, N (%) 9 (81.8)
Otitis, N (%) 8 (72.7)
Sinusitis, N (%) 8 (72.7)
Pneumonia, N (%) 6 (54.5)
Pulmonary infection, N (%) 6 (54.5)
Allergy, N (%) 3 (27.3)
Autoimmunity, N (%) 3 (27.3)
Organomegaly, N (%) 7 (63.6)
Arthritis, N (%) 3 (27.3)
Recurrent diarrhea, N (%) 8 (72.7)

Table 1  Demographics and immunological data of CVID 
patients.

Parameters Total (N = 11)

Sex (M/F), N (%) 8/3 (72.7/27.3)
Consanguinity; N (%) 7 (63.6)
Age at the study time, years
  Mean (SD) 30.09 (11.7)
  Median (IQR) 25 (21–42)
Age of onset, years
  Mean (SD) 8.8 (10.5)
  Median (IQR) 4 (1–11)
Age at diagnosis, years
  Mean (SD) 18 (8.3)
  Median (IQR) 13 (10–27)
Delay of diagnosis, years
  Mean (SD) 9.09 (8.3)
  Median (IQR) 8 (2–11)
Course of disease, years
  Mean (SD) 20.64 (13.14)
  Median (IQR) 15 (13–31)
Follow-up, years
  Mean (SD) 11.27 (5.51)
  Median (IQR) 11 (7–15)
IgG*, mg/dL
  Mean (SD) 333 (237)
  Median (IQR) 250 (197–519)
IgM*, mg/dL
  Mean (SD) 34.64 (26.63)
  Median (IQR) 29 (10–51)
IgA*, mg/dL
  Mean (SD) 19.44 (32.5)
  Median (IQR) 4 (1.5–35)
IgE*, IU/mL
  Mean (SD) 2.14 (3.4)
  Median (IQR) 1 (1–1)
Lymphocyte*, cell/mL
  Mean (SD) 2556.36 (1740.96)
  Median (IQR) 2142 (1235–2750)
CD4+ lymphocyte*, cell/mL
  Mean (SD) 27.68 (6.09)
  Median (IQR) 27 (24–34)
CD8+ lymphocyte*, cell/mL
  Mean (SD) 36.5 (8.23)
  Median (IQR) 37 (29–46)
Regulatory T cells*, cell/mL
  Mean (SD) 1.2 (1.1)
  Median (IQR) 0.7 (0.43–2.2)

CVID: common variable immune deficiency; M: male; F: female, 
N: count; AOO: age of onset; AOD: age at diagnosis.
*Evaluated at the time of diagnosis.

Figure 1  miR-210 and Foxp3 mRNA relative expression in 
study groups. HC: healthy control.



88	 Fateme Babaha et al.

Discussion

Epigenetic alteration is one of the possible causes affect-
ing CVID patients. In the present study, we aimed to 
study a miRNA expression, as an epigenetic factor, in a 
selected group of unsolved CVID cases. To the best of our 

in patients (Figure S4). There was a negative correlation 
between miR-210-5p and gene expression (r: -0.11, P = 0.73).

miR-210 Upregulation correlates with autoimmune 
manifestations in patients

In order to assess whether there is a correlation between 
clinical manifestations of patients and miR-210 expression, 
we first compared the miR-210 expression of each patient 
with the median of miR expression in healthy controls. We 
calculated that the median (IQR) of miR-210 expression in 
the control group was 1.1 (0.36–2.7). We observed that the 
miR-210 expression of seven patients was higher than the 
75 percentile (more than 2.7) and the remaining four were 
within the normal range; between 0.36 and 2.7 (Figure 2). 
Accordingly, we categorized our patients into two groups 
of higher miR-210 expression (P3, P4, P5, P6, P7, P8, P9) 
and normal miR-210 expression. Three patients (P7, P8, P9) 
with autoimmunity were in the high-miR group (P = 0.12, 
42.8%), while autoimmunity was not observed in normal 
miR-210 patients. Pulmonary infection was also significant 
(P = 0.02), however, this complication was more frequent 
among patients who were in the normal range. The data 
are provided in the supplementary Table S2.

Decreased expression of CD4+ T cells and 
Treg upon miR-210 upregulation

Using the data of T cell subsets, we evaluated the cor-
relation of T cell and miR-210 expression. Chi-square test 
showed that the frequency of patients with low CD4+ T 
cells and Treg was more within the high-miR expression 
group, while patients with increased CD8+ T cells were 
more frequent upon miR-210 upregulation (Table 3).

Figure 2  miR-210 relative expression in each sample compared with IQR of control.

Table 3  Chi-square T cell subset quality and miR-210 
expression.

T-cell subsets
7 patients 
(high)

4 patients 
(normal) P-value

CD8+ T cell Normal: 2 Normal: 1 0.89
Increase: 5 Increase: 3
Decrease: - Decrease: -

Activated CD8+ 
T cell

Normal: 0 Normal: 1 0.16
Increase: 7 Increase: 3
Decrease: Decrease: 

Cytotoxic CD8+ 
T cell 

Normal: 0 Normal: 1 0.16
Increase: 7 Increase: 3
Decrease: Decrease: 

CD4+ T cell Normal: 0 Normal: 1 0.16
Increase: Increase:
Decrease: 7 Decrease: 3

Naïve CD4+ T 
cell

Normal: 2 Normal: 0 0.23
Increase: Increase:
Decrease: 5 Decrease: 4

Central memory 
CD4+ T cell

Normal: 2 Normal: 0 0.11
Increase: 1 Increase: 3
Decrease: 4 Decrease: 1

Regulatory T 
cells

Normal: 2 Normal:1 0.89
Increase: 0 Increase: 0
Decrease: 5 Decrease: 3

miR-210 expression in each patient
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expression and Treg population. Genre et al.35 reported 
for the first time that in CVID patients with autoimmune 
manifestations, Treg population and FOXP3 expression was 
significantly decreased; however, in those without autoim-
munity, FOXP3 expression in patients was somewhat like 
healthy individuals. We observed a slightly negative cor-
relation between miR-210 and FOXP3 expression. Several 
studies have reported a significant negative correlation 
between miR-210 and FOXP3 expression. In one study, Lung 
et al. suggested a potential inhibitory influence for miR-210 
on FOXP3 expression during sensitization caused by toluene 
diisocyanate (TDI). Another study in 2012 by Fayyad-Kazan 
et al.34 reported the negative connection between miR-
210 and Foxp3. They proved that miR-210 directly inhibits 
Foxp3 expression by attaching to 3’UTR of the region of 
the FOXP3 gene. The inconsistency among our results and 
previous reports might be related to two issues: (1) our 
specific and small study population; and (2) the inclusion 
of only isolated CD4+ T cells. It is suggested that this study 
be investigated in the future with a larger number of CVID 
patients with no genetic defects. Moreover, we evaluated 
miR-210 in isolated CD+4 T cells, and this limitation should 
be removed in future studies when this evaluation is per-
formed on isolated FOXP3+ T cells.

We observed a correlation between autoimmunity and 
miR-210 upregulation. Three of the patients with autoim-
munity had higher miR-210 expression than normal con-
trols. Of note, FOXP3 expression in two of the three had 
lower expression than the normal range. Zhao et al.36 
reported that miR-210 overexpression induces immune dys-
function via the reduction of FOXP3 expression in psoriasis 
vulgaris patients. They observed that miR-210 was signifi-
cantly increased in CD4+ T cells of psoriasis vulgaris indi-
viduals and inhibiting miR-210 reversed the condition and 
increased FOXP3 expression improved condition. Other 
studies also reported that miR-210 upregulation correlates 
with autoimmunities such as type 1 diabetes,37 systemic 
lupus erythematosus, rheumatoid arthritis,38 and Grave’s 
disease.39 Based on our findings, it is suggested that miR-
210 upregulation increases the possibility of autoimmunity 
phenotype in CVID patients.

In the present study, we observed that patients in 
whom miR-210 was upregulated, CD4+ T cell and Treg 
were decreased while the frequency of CD8+ T cell was 
increased. Previous studies have reported that CD4+ T 
cells in CVID patients are decreased while CD8+ T cell 
increases.40 On the other hand, Zhao et al.36 demonstrated 
that miR-210 had a significant inhibitory effect on the CD4+ 
T cell population. Therefore, miR-210 may also be a respon-
sible factor in decreasing CD4+ T cells in CVID cases.

Conclusions

Epigenetic studies in CVID are in their first stages and 
only a few studies are investigating the role of epigene-
tic in CVID patients. Evaluating miRNA expression in CVID 
cases has not been reported before and this study is the 
first initiative focusing on the role of miRNA and immune 
dysregulation in such patients. Further studies regard-
ing the correlation of miRNA expression with B and T cell 
development and differentiation could help to clarify the 

knowledge, this is the first study to investigate a miRNA 
profile epigenetic mechanism in CVID cases.

CVID patients manifest a broad range of clinical man-
ifestations including infectious and non-infectious dis-
orders.18 In the present study, the most frequent clinical 
complications were recurrent respiratory tract infections 
as well as gastrointestinal complications such as recurrent 
diarrhea and organomegaly. Other less frequent manifes-
tations were autoimmunity and allergy. Several studies 
on CVID cases have reported infections as the most prev-
alent clinical phenotype with mostly respiratory and gas-
trointestinal tracts being involved.19,20 Other frequent 
non-infectious complications in CVID patients are immune 
dysregulation and malignancy. According to Chapel et al.,21 
autoimmunity is observed in almost 42% of CVID cases. 
Another study estimated that 2.5% of CVID patients have 
early onset of malignancy and 8.5% show late-onset for 
malignancy.22 We suggest that the lower rate of autoimmu-
nity, allergy, and malignancy in our cases might be related 
to our inclusion criteria. Generally, patients who are a 
monogenic form of CVID present with more severe clinical 
complications. On the other hand, our patients who had 
no known genetic mutations reveal more moderate types 
of clinical symptoms with the infectious only presentation.

Our results showed that miR-210 expression was sig-
nificantly increased in CVID patients. According to previ-
ous studies, miR-210 is an inhibitory miRNA that is normally 
downregulated or is expressed at low levels in healthy indi-
viduals.23 According to several reports, miR-210 is over-ex-
pressed in hypoxic environments and is regarded as a major 
hypoxy-miR.24 It is reported that miR-210 is upregulated 
in different types of immune-related disorders such as 
breast,25 head and neck,26 pancreatic27 and renal cancers,28 
psoriasis vulgaris,29 and occupational allergic disease.30 The 
upregulation of miR-210 is associated with the severity of 
these pathological conditions. Furthermore, over-expres-
sion of miR-210 directly promotes angiogenesis in patients 
suffering from breast or hepatocellular cancer by increas-
ing vascular endothelial growth factor (VEGF)31 and fibro-
blast growth factor receptor like 1 (FGFRL1) expression.32 
It has been reported that inhibition of miR-210 expression 
led to remission or alleviation of these disorders. There is 
no study investigating miR-210 in PID or CVID patients to 
compare our results with others. A significant increase of 
miR-210 expression in CVID patients may suggest a rela-
tion between miR-210 upregulation with the disease and 
immune dysfunction/dysregulation in this entity of immune 
deficiency, as immune dysregulation has been previously 
demonstrated in CVID patients.33 Given that immune dys-
regulation, a mechanism that is not entirely elucidated in 
CVID patients with no genetic defects, evaluating cytokines 
responsible for the inflammations in this group of patients 
and its correlation with miR-210 upregulation is suggested 
for further studies.

Bioinformatic software analyses define innumerable 
potential target genes for miR-210 such as FOXP3, STAT6 
and GATA3, and CTLA-4. In this study, FOXP3 was chosen as 
one of the experimentally validated target genes in CD4+ T 
cells for miR-210.34 Our results showed that FOXP3 expres-
sion was slightly decreased in unsolved CVID cases. Studies 
evaluating Treg function in CVID patients with and without 
autoimmune manifestation indicate a decrease in Foxp3 



90	 Fateme Babaha et al.

11.	 Rodriguez-Cortez VC, Del Pino-Molina L, Rodriguez-Ubreva J, 
Ciudad L, Gomez-Cabrero D, Company C, et al. Monozygotic 
twins discordant for common variable immunodeficiency 
reveal impaired DNA demethylation during naive-to-memory 
B-cell transition. Nat Commun. 2015;6:7335. https://doi.
org/10.1038/ncomms8335

12.	 Del Pino-Molina L, Rodriguez-Ubreva J, Torres Canizales J, 
Coronel-Diaz M, Kulis M, Martin- Subero JI, et al. Impaired 
CpG demethylation in common variable immunodeficiency 
associates with B cell phenotype and proliferation rate. Front 
Immunol. 2019;10:878. https://doi.org/10.3389/fimmu.2019. 
00878

13.	 Martinez-Cano J, Campos-Sanchez E, Cobaleda C. Epigenetic 
priming in immunodeficiencies. Front Cell Dev Biol. 
2019;7:125. https://doi.org/10.3389/fcell.2019.00125

14.	 Abolhassani H, Kiaee F, Tavakol M, Chavoshzadeh Z, 
Mahdaviani SA, Momen T, et al. Fourth update on the Iranian 
National Registry of primary immunodeficiencies: integration 
of molecular diagnosis. J Clin Immunol. 2018;38(7):816–832. 
https://doi.org/10.1007/s10875-018-0556-1

15.	 Tangye SG, Al-Herz W, Bousfiha A, Chatila T, Cunningham-
Rundles C, Etzioni A, et al. Human inborn errors of immunity: 
2019 Update on the classification from the International Union 
of Immunological Societies Expert Committee. J Clin Immunol. 
2020;40(1):24–64. https://doi.org/10.1007/s10875-019-00737-x 
https://doi.org/10.1007/s10875-020-00763-0

16.	 Itan Y, Casanova JL. Novel primary immunodeficiency 
candidate genes predicted by the human gene connectome. 
Front Immunol. 2015;6:142. https://doi.org/10.3389/fimmu. 
2015.00142

17.	 Azizi G, Mirshafiey A, Abolhassani H, Yazdani R, Jafarnezhad-
Ansariha F, Shaghaghi M, et al. Circulating helper T-Cell subsets 
and regulatory T cells in patients with common variable immu-
nodeficiency without known monogenic disease. J Invest Allerg 
Clin Immunol. 2018;28(3):172–181. https://doi.org/10.18176/
jiaci.0231

18.	 Aghamohammadi A, Abolhassani H, Moazzami K, Parvaneh N, 
Rezaei N. Correlation between common variable immunodefi-
ciency clinical phenotypes and parental consanguinity in chil-
dren and adults. J  Invest Allerg Clin Immunol. 2010;20(5): 
372–379.

19.	 Patuzzo G, Barbieri A, Tinazzi E, Veneri D, Argentino G, 
Moretta F, et al. Autoimmunity and infection in common vari-
able immunodeficiency (CVID). Autoimmun Rev. 2016;15(9):877–
882. https://doi.org/10.1016/j.autrev.2016.07.011

20.	 Oksenhendler E, Gerard L, Fieschi C, Malphettes M, Mouillot G, 
Jaussaud R, et al. Infections in 252 patients with common 
variable immunodeficiency. Clin Infect Dis. 2008; 46(10):1547– 
1554.

21.	 Chapel H, Lucas M, Lee M, Bjorkander J, Webster D, 
Grimbacher B, et al. Common variable immunodeficiency 
disorders: division into distinct clinical phenotypes. Blood. 
2008;112(2):277–286. https://doi.org/10.1182/blood-2007-11- 
124545

22.	 Salavoura K, Kolialexi A, Tsangaris G, Mavrou A. Development 
of cancer in patients with primary immunodeficiencies. 
Anticancer Res. 2008;28(2B):1263–1269. Retrieved from http://
http://ar.iiarjournals.org/

23.	 Hippen KL, Loschi M, Nicholls J, MacDonald KPA, Blazar BR. 
Effects of microRNA on regulatory T cells and implications for 
adoptive cellular therapy to ameliorate graft-versus-host dis-
ease. Front Immunol. 2018;9:57. https://doi.org/10.3389/
fimmu.2018.00057

24.	 Bavelloni A, Ramazzotti G, Poli A, Piazzi M, Focaccia E, 
Blalock W, et al. MiRNA-210: a current overview. Anticancer Res. 
2017;37(12):6511–6521. https://doi.org/10.21873/anticanres.12107

25.	 Camps C, Buffa FM, Colella S, Moore J, Sotiriou C, Sheldon H, 
et al. hsa-miR-210 Is induced by hypoxia and is an independent 

pathogenesis of different CVID phenotype in patients with 
no genetic defects. It is expected that more studies in this 
regard promise new approaches for the diagnosis and treat-
ment of CVID.

Funding

This study was jointly supported by Tarbiat Modares 
University and the Vice Chancellor for Research, Tehran 
University of Medical Sciences, No. 36527-154-03-96.

Conflicts of interest

The authors declare that they have no conflicts of interest.

References

1.	 Yazdani R, Habibi S, Sharifi L, Azizi G, Abolhassani H, 
Olbrich P, et al. Common variable immunodeficiency: epide-
miology, pathogenesis, clinical manifestations, diagnosis, 
classification and management. J Invest Allerg Clin Immunol. 
2020;30(1):14–34. https://doi.org/10.18176/jiaci.0388

2.	 Seidel MG, Kindle G, Gathmann B, Quinti I, Buckland  M, 
van  Montfrans J, et al. The European Society for 
Immunodeficiencies (ESID) Registry working definitions for the 
clinical diagnosis of inborn errors of immunity. J Allergy Clin 
Immunol Pract. 2019;7(6):1763–1770. https://doi.org/10.1016/j.
jaip.2019.02.004

3.	 Azizi G, Abolhassani H, Asgardoon MH, Rahnavard J, Dizaji MZ, 
Yazdani R, et al. The use of immunoglobulin therapy in pri-
mary immunodeficiency diseases. Endocr Metab Immune 
Disord Drug Targets. 2016;16(2):80–88. https://doi.org/10.2174
/1871530316666160724214418

4.	 Abolhassani H, Aghamohammadi A, Fang M, Rezaei N, Jiang C, 
Liu X, et al. Clinical implications of systematic phenotyping 
and exome sequencing in patients with primary antibody 
deficiency. Genet Med. 2019;21(1):243–251. https://doi.org/ 
10.1038/s41436-018-0012-x

5.	 Bonilla FA, Barian I, Chapel H, Costa-Carvalho BT, Cunningham-
Rundles C, de la Morena MT, et al. International Consensus 
Document (ICON): common variable immunodeficiency disor-
ders. J Allergy Clin Immunol Pract. 2016;4(1):38–59. https://
doi.org/10.1016/j.jaip.2015.07.025

6.	 Rae W. Indications to epigenetic dysfunction in the pathogen-
esis of common variable immunodeficiency. Arch Immunol 
Ther.Exp (Warsz.) 2017;65(2):101–110. https://doi.org/10.1007/s00005- 
016-0414-x

7.	 Pagani M, Rossetti G, Panzeri I, de Candia P, Bonnal RJ, 
Rossi RL, et al. Role of microRNAs and long-non-coding RNAs 
in CD4(+) T-cell differentiation. Immunol Rev. 2013;253(1):82–
96. https://doi.org/10.1111/imr.12055

8.	 Belver L, Papavasiliou FN, Ramiro AR. MicroRNA control of 
lymphocyte differentiation and function. Curr Opin Immunol. 
2011;23(3):368–373. https://doi.org/10.1016/j.coi.2011.02. 
001

9.	 Dooley J, Linterman MA, Liston A. MicroRNA regulation of 
T-cell development. Immunol Rev. 2013;253(1):53–64. https://
doi.org/10.1111/imr.12049

10.	 O’Connell RM, Rao DS, Chaudhuri AA, Baltimore D. 
Physiological and pathological roles for microRNAs in the 
immune system. Nat Rev Immunol. 2010;10(2):111–122. https://
doi.org/10.1038/nri2708



Evaluation of miR-210 expression in common variable immunodeficiency� 91

prognostic factor in breast cancer. Clin Cancer Res. 2008; 
14(5):1340–1348.  https://doi.org/10.1158/1078-0432.CCR- 
07-1755

26.	 Wang J, Zhao J, Shi M, Ding Y, Sun H, Yuan F, et al. Elevated 
expression of miR-210 predicts poor survival of cancer patients: 
a systematic review and meta-analysis. PLoS one. 
2014;9(2):e89223. https://doi.org/10.1371/journal.pone.0089223

27.	 Greither T, Grochola LF, Udelnow A, Lautenschlager C, Wurl P, 
Taubert H. Elevated expression of microRNAs 155, 203, 210 and 
222 in pancreatic tumors is associated with poorer survival. Int 
J Cancer. 2010;126(1):73–80. https://doi.org/10.1002/ijc.24687

28.	 Zhao A, Li G, Peoc’h M, Genin C, Gigante M. Serum miR-210 as 
a novel biomarker for molecular diagnosis of clear cell renal 
cell carcinoma. Exp Mol Pathol. 2013;94(1):115–120. https://
doi.org/10.1016/j.yexmp.2012.10.005

29.	 Wu R, Zeng J, Yuan J, Deng X, Huang Y, Chen L, et al. 
MicroRNA-210 overexpression promotes psoriasis-like inflam-
mation by inducing Th1 and Th17 cell differentiation. J  Clin 
Invest. 2018;128(6):2551–2568. https://doi.org/10.1172/JCI97426

30.	 Long CM, Lukomska E, Marshall NB, Nayak A, Anderson SE. 
Potential inhibitory influence of miRNA 210 on regulatory 
T  cells during epicutaneous chemical sensitization. Genes. 
2017;8(1):9. https://doi.org/10.3390/genes8010009

31.	 Huang X, Zuo J. Emerging roles of miR-210 and other non-cod-
ing RNAs in the hypoxic response. Acta Biochim Biophys Sin. 
2014;46(3):220–232. https://doi.org/10.1093/abbs/gmt141

32.	 Yang Y, Zhang J, Xia T, Li G, Tian T, Wang M, et al. 
MicroRNA-210 promotes cancer angiogenesis by targeting 
fibroblast growth factor receptor-like 1 in hepatocellular car-
cinoma. Oncol Reports. 2016;36(5):2553–2562. https://doi.
org/10.3892/or.2016.5129

33.	 Varzaneh FN, Keller B, Unger S, Aghamohammadi A, Warnatz K, 
Rezaei N. Cytokines in common variable immunodeficiency as 
signs of immune dysregulation and potential therapeutic 

targets – a review of the current knowledge. J Clin Immunol. 
2014;34(5):524–543. https://doi.org/10.1007/s10875-014-0053-0

34.	 Fayyad-Kazan H, Rouas R, Fayyad-Kazan M, Badran R, 
El Zein N, Lewalle P, et al. MicroRNA profile of circulating CD4-
positive regulatory T cells in human adults and impact of dif-
ferentially expressed microRNAs on expression of two genes 
essential to their function. J Biol  Chem. 2012;287(13):9910–
9922. https://doi.org/10.1074/jbc.M111.337154

35.	 Genre J, Errante PR, Kokron CM, Toledo-Barros M, Camara 
NO, Rizzo LV. Reduced frequency of CD4(+)CD25(HIGH)
FOXP3(+) cells and diminished FOXP3 expression in patients 
with Common Variable Immunodeficiency: a link to autoim-
munity? Clin Immunol (Orlando, FL). 2009;132(2):215–221. 
https://doi.org/10.1016/j.clim.2009.03.519

36.	 Zhao M, Wang LT, Liang GP, Zhang P, Deng XJ, Tang Q, et al. 
Up-regulation of microRNA-210 induces immune dysfunction 
via targeting FOXP3 in CD4(+) T cells of psoriasis vulgaris. Clin 
Immunol (Orlando, FL). 2014;150(1):22–30. https://doi.
org/10.1016/j.clim.2013.10.009

37.	 Xie Z, Chang C, Zhou Z. Molecular mechanisms in autoimmune 
type 1 diabetes: a critical review. Clin Rev Allergy Immunol. 
2014;47(2):174–192. https://doi.org/10.1007/s12016-014-8428-9 
https://doi.org/10.1007/s12016-014-8422-2

38.	 Huang Q, Chen SS, Li J, Tao SS, Wang M, Leng RX, et al. miR-
210 expression in PBMCs from patients with systemic lupus 
erythematosus and rheumatoid arthritis. Ir J Med Sci. 
2018;187(1):243–249. https://doi.org/10.1007/s11845-017-1634-8

39.	 Zheng L, Zhuang C, Wang X, Ming L. Serum miR-146a, miR-155, 
and miR-210 as potential markers of Graves’ disease. J Clin Lab 
Anal. 2018;32(2):e22266. https://doi.org/10.1002/jcla.22266

40.	 Azizi G, Rezaei N, Kiaee F, Tavakolinia N, Yazdani R, 
Mirshafiey  A, et al. T-Cell abnormalities in common variable 
immunodeficiency. J Invest Allerg Clin Immunol. 2016;26(4):233–
243. https://doi.org/10.18176/jiaci.0069



92	 Fateme Babaha et al.

Supplementary Data

Figure S1  Flow cytometry for isolated T lymphocytes. (A) Isotype; (B) T cells.

Figure S2  Bioinformatics software program for miR-210-5p.

Figure S3  Relative expression of miR-210 in each patient.
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Figure S4  Relative expression of Foxp3 mRNA in each patient.

Table S2  Crosstab of clinical manifestation and patients’ 
miR-210 expression.

Clinical manifestation
4 patients 
(in range)

7 patients 
(high) P value

First presentation 
with respiratory 
infection; N (%)

2 (50%) 4 (57.14%) 0.81

First presentation with 
non- respiratory 
infection; N (%)

3 (75%) 4 (57.14%) 0.55

Upper respiratory 
infection; N (%)

3 (75%) 6 (85.71%) 0.31

Lower respiratory 
infection; N (%)

3 (75%) 6 (85.71%) 0.65

Recurrent infection; 
N (%)

4 (100%) 5 (71.42%) 0.23

Otitis; N (%) 3 (75%) 5 (71.42%) 0.89
Sinusitis; N (%) 3 (75%) 5 (71.42%) 0.89
Pneumonia; N (%) 2 (50%) 4 (57.14%) 0.302
Pulmonary infection; 

N (%)
4 (100%) 2 (28.57%) 0.02*

Allergy; N (%) 1 (25%) 2 (28.57%) 0.89
Autoimmunity; N (%) 0 3 (42.85%) 0.12
Organomegaly; N (%) 4 (100%) 3 (42.85%) 0.058
Arthritis; N (%) 1 (25%) 2 (28.57%) 0.89
Lymphadenopathy; 

N (%)
1 (25%) 1 (14.28%) 0.65

Recurrent diarrhea; 
N (%)

3 (75%) 5 (71.42%) 0.89

*P-value <0.05 statistically significant.

Table S1  Primers used for quantitative real-time PCR.

Gene Direction Sequence

FOXP3 Forward TTCCACAACATGCGACCCC
Reverse CATGCGTGTGAACCAGTGG

HPRT Forward CCTGGCGTCGTGATTAGTGAT
Reverse AGACGTTCAGTCCTGTCCATAA


