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Vitamin D status influences cytokine production 
and MALAT1 expression from the PBMCs of 
patients with coronary artery disease and healthy 
controls
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SUMMARY

OBJECTIVE: This study aimed to investigate the long non-coding RNA metastasis-associated lung adenocarcinoma transcript 1 (lncRNA 
MALAT1) expression and its role in cytokine production from peripheral blood mononuclear cells (PBMCs) in patients with coronary 
artery disease (CAD) and non-CAD participants (NCAD).

METHODS: Blood samples were taken from 15 patients with CAD and 15 NCAD individuals. The plasma was used for biochemical 
analyses. MALAT1 and CD36 expressions were evaluated in the isolated peripheral blood mononuclear cells (PBMCs) by real-time 
PCR. Furthermore, the levels of inflammatory cytokines e.g. interleukin (IL)-6, IL-10, and IL-22 were measured in the supernatants of 
the cultured PBMCs by flow cytometry.

RESULTS: The levels of MALAT1 and CD36 were not significantly different between the CAD and NCAD groups. However, a lower level of 
MALAT1 and CD36 was observed in PBMCs of vitamin D deficient (<15 ng/ml) CAD and NCAD participants. Furthermore, the vitamin 
D deficient (<15 ng/ml) group showed a significantly higher plasma level of IL-6, IL-10, and IL-22 compared to the non-deficient (≥15 ng/
ml) group. In addition, significant positive correlations were found between CD36, IL-22, and fasting blood sugar (FBS) with MALAT1.

CONCLUSION: Given that in vitamin D deficient individuals a decreased level of MALAT1 was associated with CD36 expression and 
increased IL-22 production, vitamin D supplementation may play a role in reducing MALAT1/CD36/IL-22 mediated complications such 
as T2DM and CAD, especially in vitamin D deficiency.
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The serum level of 25-hydroxy vitamin D was 
measured in these two groups and classified as defi-
cient (<15 ng/mL) and non-deficient (≥15 ng/mL)6,7. 
Patients with diabetes mellitus, malignancies, infec-
tions, blood diseases, and chronic renal or liver fail-
ure, history of inflammatory diseases, and those 
using immunosuppressive drugs were excluded 
from the study. Demographic and anthropometric 
data including age, body mass index (BMI), as well 
as data regarding medication usage by patients were 
collected via a questionnaire, and using the hospital 
patient records.

Laboratory assessments
The biochemical characteristics including fasting 

blood sugar (FBS), lipid profile, and liver enzyme activ-
ities were measured using commercially enzymatic 
kits by BS 200 autoanalyzer (Mindray, China). Vitamin 
D was measured using the HPLC method by Tosoh G8 
instrument (Tosoh, USA).

PBMCs isolation and cell culture
PBMCs were isolated from 10 ml peripheral blood 

samples by centrifugation over Ficoll-Hypaque gra-
dients (Lymphodex, InnoTrain, Germany). The cells 
were washed, using RPMI 1640 medium and resus-
pended in RPMI-1640 medium supplemented with 
50 U/mL penicillin, 50 μg/mL streptomycin, and 10% 
fetal bovine serum. In order to evaluate the MALAT1 
expression level, 2 x 106 cells were incubated for 5h at 
5% CO2, 95% humidity, and 37ºC. Simultaneously, addi-
tional 105 cells were incubated for 48h to assess the 
cytokines level; hence, supernatants were collected 
and stored at -80 °C until further analysis.

RNA extraction and cDNA synthesis
Total RNA was extracted from 2 x 106 cells, using 

the Trizol reagent (Bio Basic Inc., Canada) and then 
converted into cDNA in reverse transcription reactions 
using Thermo Scientific RevertAid First Strand cDNA 
Synthesis Kit (Thermo Scientific, USA) based on the 
manufacturer’s instructions.

Quantitative Real-Time PCR
Equal amounts of cDNA for each sample were 

amplified using RealQ Plus 2x Master Mix Green 
(Ampliqon, Denmark) and specific primers for MALT1, 
CD36, and beta-actin as a reference gene, based on 
the manufacturer’s protocol. The relative expressions 
were calculated using 2-∆CT method.

INTRODUCTION

Vitamin D deficiency is associated with both cal-
cium and bone metabolism disorders, as well as vascu-
lar and low-grade inflammatory disease1,2. Some long 
non-coding RNAs (lncRNAs), such as lncRNAs HOTAIR 
and H19, have been found to be regulated by vitamin 
D through vitamin D receptors in multiple cancers. 
LncRNAs are transcripts, longer than 200 nucleotides 
without protein-coding ability, which are involved in 
both transcriptional and post-transcriptional regula-
tion, and therefore, in the pathophysiology of diseases 
such as coronary artery disease (CAD)3. Amongst the 
reports, lncRNA metastasis-associated lung adeno-
carcinoma transcript 1 (MALAT1), also known as 
NEAT2, might protect against the occurrence of CAD 
and alleviate inflammation in atherosclerosis. The role 
of the scavenger receptors B1 or CD63 as receptors 
for oxidized low-density lipoproteins (ox-LDL) is vital 
in foam cell formation, which is a critical step in the 
development of atherosclerosis. Moreover, a recent 
in-vitro study reported the influence of MALAT1 on 
the expression of CD364.

Previously, the role of inflammatory cytokines has 
been well evaluated. Interleukin (IL)-22, a member 
of the IL-10 related cytokine superfamily, has a dual 
role in inflammation. Gong et al.5 suggested IL-22 
functions as a double-edged sword in type 2 diabetes 
mellitus (T2DM) and CAD.

Consequently, given the inflammatory nature of 
atherosclerosis and the role of MALAT1 and CD36 in 
atherosclerosis, the present study aimed to assess 
MALAT1/CD36 levels as well as cytokines, such as 
IL-6, IL-10, and IL-22 in CAD patients compared to 
healthy controls. However, little is known about the 
regulation and functions of lncRNAs in the treatment 
and prevention of cardiovascular diseases with vita-
min D.

METHODS
Participants

A cross-sectional study included 15 CAD patients 
and 15 non-CAD (NCAD) or healthy individuals who 
were admitted to the Al-Zahra Heart Hospital, Shiraz, 
Iran, from October 2018 until January 2019, requiring 
coronary angiography (CA) or CT angiography (CTA). 
Based on the CA and CTA results, the study population 
was divided into CAD and NCAD groups. CAD was 
diagnosed by a cardiologist if there was more than 
50% stenosis in at least one coronary artery.
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Cytokine assay
The supernatants of the cultured PBMCs were used 

to assess the IL-6, IL-10, and IL-22 levels. Cytokines 
were measured by LEGENDplex™ Human Th22 Panel 
(Biolegend, USA) using a flow cytometer (FACS Calibur, 
BD, USA), according to the manufacture’s instruction.

Statistical analysis
Statistical analysis was performed using SPSS 22.0 

(IBM Inc., USA) and GraphPad Prism version 8.2 (San 
Diego, CA, USA). The categorical data were tested by 
Fisher exact test and presented by frequency and per-
centile. Continuous variables are presented as mean 
± standard error of the mean (SEM) and tested by 
the Mann-Whitney U test and one-way ANOVA. The 
Spearman correlation test was used to determine the 
relationship between the variables. A P value < 0.05 
was considered statistically significant.

RESULTS
Clinical and laboratory findings of the partic-
ipants

The demographic and clinical characteristics 
of participants are shown in Table 1. Hip circum-
ference, echocardiogram ejection fraction, and 

diastolic blood pressure were significantly lower 
in patients with CAD compared to NCAD. Further-
more, body mass index, hip circumference, and AST 
activity were significantly higher in the vitamin D 
deficient group compared to the non-deficient. For 
a detailed description, see Table S1 in Supplemen-
tary Materials.

The comparison of MALAT1 and CD36 levels 
between the investigated groups
We first analyzed MALAT1 and CD36 in the PBMCs 

of CAD and NCAD individuals. We found that there 
was no significant difference between the CAD and 
NCAD groups (p=0.238 and p=0.945) (Fig 1A and D). 
Interestingly, after classification into non-deficient 
and deficient groups, we noticed that MALAT1 and 
CD36 expressions were significantly lower when there 
was vitamin D deficiency (Fig 1B and 1E) (p=0.015 and 
p=0.022). In addition, the comparison of the MALAT1 
levels between the CAD and NCAD groups based on 
the vitamin D status showed that MALAT1 expres-
sion was significantly higher in the NCAD non-defi-
cient group compared to the NCAD deficient group 
(p=0.023). However, the difference between CAD 
non-deficient and deficient groups was not statisti-
cally significant (Fig 1C).

FIGURE 1
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Comparing the cytokine production levels be-
tween the study groups
The ex-vivo cytokine profiles produced by PBMCs 

are depicted in Fig 2. The results showed that the 
production of IL-6, IL-10, and IL-22 were significantly 
higher in the vitamin D deficient group compared 
to the non-deficient group (p=0.006, p=0.014, and 
p=0.018, respectively) (Fig 2A, C and E). When CAD 
and NCAD individuals were divided based on the vita-
min D status, the cytokines levels were significantly 
higher in the CAD deficient group compared to that in 
the CAD non-deficient group (p=0.021, p=0.009, and 
p=0.040, respectively) (Fig 2B, D, and F).

Association between clinical and biochemical 
characteristics with MALAT1
As presented in Table 2, the spearman correlation 

test revealed a significant correlation between the 

MALAT1 and CD36 expressions in the PBMCs of the 
studied groups. In order to evaluate the association of 
MALAT1 expression with cytokine production from 
PBMCs, we analyzed the correlation between MALAT1 
expression and cytokine level. MALAT1 showed a sig-
nificant negative correlation with IL-22 in the total 
population of the CAD and NCAD groups (r=-0.406, 
p=0.036). There were no significant correlations 
between MALAT1 and other cytokines. In addition, 
MALAT1 expression in PBMCs of the NCAD group 
correlated directly and indirectly with FBS (r=0.606, 
p=0.022) and vitamin D (r=-0.693, p=0.006). For a 
detailed description, see Table S2 in the Supplemen-
tary Materials.

DISCUSSION

In this study, we observed that the relative expres-
sion of MALAT1 and CD36 were comparable between 
CAD patients and healthy controls. However, dys-
regulated expression of MALAT1 and CD36 has been 
reported in different pathological conditions. The 
unregulated expression of MALAT1 was reported 
from the PBMCs of type 2 diabetics and patients with 
MI8. However, the function of MALAT1 in inflamma-
tion related to vitamin D status and CAD remains 
unknown. Accordingly, this study investigated the 
effects of vitamin D status on the expression of 
MALAT1 as well as cytokines IL-6, IL-10, and IL-22 
from the PBMCs of the patients with CAD as well as 
NCAD individuals.

The results revealed that although MALAT1/CD36 
expression was higher in the CAD group, upregulated 
levels of MALAT1/CD36 were not significantly asso-
ciated with CAD. A similar finding to our study was 
reported by Toraih et al.9, who reported that MALAT1 
levels, the median MALAT1 expression in the PBMCs 
of patients with previous cardiac events was compara-
ble with those of control groups. However, MALAT1 is 
identified and characterized as a regulator of inflam-
matory response via TLR4/ TLR4/NF-κB8.

Some controversy still exists regarding CD36 
expression levels in CAD10,11. In the present study, 
CD36 was highly correlated with MALAT1. Accord-
ing to previous studies, it is suggested that MALAT1 
might be a contributing factor to CD36 upregulation 
in the PBMCs of CAD patients. In this line, Huangfu 
et al.4 reported that MALAT1 through the accumu-
lation of beta-catenin on the CD36 promoter raises 
CD36 transcription.

FIGURE 2
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Interestingly, we observed that the level of MALAT1 
was significantly lower in the PBMCs of vitamin D 
deficient individuals compared to that in non-deficient 
ones. To the best of our knowledge, this is the first 
study to investigate the association between vitamin 
D status and MALAT1 expression. Based on these 
results, regardless of the CAD status, MALAT1 expres-
sion is increased in the PBMCs of vitamin D deficient 
individuals. The molecular mechanisms underlying 
increased expression of MALAT1 in the non-deficient 
group are not well understood; however, the anti-in-
flammatory effect of vitamin D can be a determining 
factor. In several studies, the association between 
MALAT1 and inflammation has been reported8. How-
ever, the protective effects of vitamin D on colorectal 
cancer through the modulation of some lncRNAs have 
been previously suggested12.

Accordingly, the upregulation of MALAT1 could be 
proposed as a contributing factor to the anti-inflam-
matory effects of vitamin D. As a detailed description, 
regarding the results, vitamin D deficiency was sig-
nificantly associated with a higher production level of 
cytokines including IL-6 (2.5 fold), IL-10 (2.3 fold), IL-22 
(1.4 fold) compared to the non-deficient group (Fig 2). 
The effects of vitamin D on the level of inflammatory 
cytokines have already been investigated. Vitamin 
D might inhibit the production of pro-inflammatory 
cytokines (IL-6 and TNF-α) via directly inhibiting the 

NF-kB signaling pathway (Fig 3)13. Importantly, in this 
study, a significant negative correlation was also found 
between MALAT1 and IL-22.

Furthermore, based on the present and previous 
studies, we found that FBS increases the expression of 
MALAT1 in the PBMCs of CAD patients14. In addition, 
MALAT1 expressions were negatively correlated with 
the production of IL-22. To the best of our knowledge, 
this is the first study to investigate the association 
between MALAT1 and IL-22. The molecular mecha-
nisms underlying this correlation are not well under-
stood; however, different factors might be involved, 
such as hyperglycemia, especially because a signifi-
cant direct correlation has also been observed between 
IL-22 and FBS (Fig 3). Furthermore, the increased 
level of IL-22 in the vitamin D deficient group might 
be partly through MALAT1 (Fig 3).

So far, few studies have been performed on the 
role of IL-22 in CAD. Shen et al.15 reported that plasma 
concentrations of IL-22 are decreased in impaired fast-
ing glucose (IFG) and T2DM patients, and decreased 
plasma concentrations of IL-22 is an independently 
susceptible factor for IFG and T2DM. Decreased 
plasma IL-22 levels increase the morbidity of diabetes.

In this line, Puthanveetil et al.14 incubated human 
umbilical vein endothelial cells with high glucose lev-
els, which led to an increase in MALAT1 expression 
after 12h. IL-22 protects endothelial cells from glu-
cose-induced injury. All these findings suggest that the 
MALAT1 correlation with IL-22 might be a potential 
target for the treatment of chronic inflammatory dis-
eases, such as T2DM and CAD5.

CONCLUSION

The results of the present study suggest that 
MALAT1 expression is decreased in the PBMCs of the 
vitamin D deficient group, and this decreased expres-
sion appears to be associated with CD36 expression 
and increased IL-22 production from PBMCs. The 
protective effects of IL-22 against hyperglycemia and 
the observed correlation of MALAT1 with CD36 and 
FBS in the CAD group suggest that MALAT1/CD36/
IL-22 might be also potential targets, using vitamin D 
supplementation for treating vascular complications 
mediated by hyperglycemia in T2DM and CAD espe-
cially in vitamin D deficiency.

FIGURE 3
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RESUMO

OBJETIVO: O objetivo deste estudo foi investigar a expressão do RNA longo não codificante lncRNA MALAT1 e o seu papel na produção 
de citocinas a partir de células mononucleares do sangue periférico (PBMCs) em pacientes com doença arterial coronariana (DAC) e 
participantes sem DAC (NDAC).

MÉTODOS: Amostras de sangue foram coletadas de 15 pacientes com DAC e 15 indivíduos NCAD. O plasma foi usado para análises 
bioquímicas. As expressões de MALAT1 e CD36 foram avaliadas nas células mononucleares do sangue periférico (PBMCs) isoladas 
por PCR em tempo real. Além disso, os níveis de citocinas inflamatórias, como a interleucina (IL)-6, IL-10 e IL-22 foram medidas no 
sobrenadante da cultura de PBMCs por citometria de fluxo.

RESULTADOS: Os níveis de MALAT1 e CD36 não foram significativamente diferentes entre os grupos DAC e NDAC. No entanto, um nível 
inferior de MALAT1 e CD36 foi observado nas PBMCs de participantes com deficiência de vitamina D (< 15 ng/ml) tanto no grupo DAC 
quanto no NDAC. Além disso, o grupo com deficiência de vitamina D (< 15 ng/ml) apresentou um nível plasmático significativamente 
maior de IL-6, IL-10 e IL-22 em comparação com o grupo sem a deficiência (≥15 ng/ml). Além disso, foram encontradas correlações 
positivas significativas entre CD36, IL-22, e glicemia de jejum (GJ) e o MALAT1.

CONCLUSÃO: Dado que em indivíduos com deficiência de vitamina D a diminuição do nível de MALAT1 foi associada com a expressão 
de CD36 e produção aumentada de IL-22, a suplementação de vitamina D pode ter um papel importante na redução de complicações 
mediadas por MALAT1/CD36/IL-22, tais como DMT2 e DAC, especialmente em casos de deficiência de vitamina D.

PALAVRAS-CHAVE: Vitamina D. Antígenos CD36. Interleucinas. Doença da artéria coronariana. RNA longo não codificante.
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