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ARTICLE INFO ABSTRACT
Keywords: Background: HIV-AIDS patients typically have hypovitaminosis D. Vitamin D is a key mediator in inflammatory
Vitamin D receptor and infectious diseases, which VDR mediates its biological effect. High-mobility group box 1 protein (HMGB1)

HMGB1 protein
HIV infection
Immunodeficiency

modulates HIV-1 replication in vitro. Vitamin D played a role in inhibiting HMGBI1 secretion in the animal study.
Objectives: This study aimed to examine differences and correlation of vitamin D receptor and HMGB1 protein
levels in HIV patients with mild and severe immunodeficiency and healthy control participants.

Methods: This study using a cross-sectional design conducted at Volunteer Counseling and Testing (VCT) Clinic in
Mataram, West Nusa Tenggara, Indonesia, from January to June 2020. Three groups of study participants were
classified as HIV patients with severe immune deficiency (SID), HIV patients with mild immune deficiency (MID),
and healthy controls (HC).

Results: Mean level of vitamin D receptor in SID HIV group was 25.89 =+ 3.95 ng/ml, lower than those in MID-HIV
group; 33.72 + 1.69 ng/ml and in HC group; 50.65 + 3.64 ng/ml. Mean levels of HMGB1 protein in the SID HIV
group were 3119.81 + 292.38 pg/ml higher than those in the MID HIV group 1553.55 + 231.08 pg/ml and HC
680.82 + 365.51 pg/ml. There was a significant and strong negative correlation (r = —0.932) between vitamin D
receptor and HMGBI levels (p < 0.01).

Conclusions: Strong negative correlation between VDR and HMGBI in different immunodeficiency statuses
suggesting an important role of vitamin D in inflammation control in HIV infection. However, it needs to be
confirmed in a further prospective study.

1. Introduction worldwide. At the end of 2019, an estimated 38 million people lived
with HIV, 1,7 million new infections, and caused 690,000 AIDS-related
HIV remains a global health problem with increasing incidence deaths globally [1]. In Indonesia, the cumulative number of people with
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HIV in 2017 reached 280,623 people, with those diagnosed with AIDS
reaching 102,667 people [2]. In West Nusa Tenggara, until December
2018, the cumulative number of cases was reported 812 HIV cases and
937 AIDS cases [3].

Chronic inflammation and immune activation are still the causes of
morbidity and mortality in people with HIV, even though they have
received ARV therapy [4]. People living with human immunodeficiency
virus (HIV) infection typically have hypovitaminosis D, which is linked
to many pathologies, including immune disorders and infectious dis-
eases [5]. Chronic inflammation decreases vitamin D production, which
is a key mediator in inflammatory and infectious diseases [6]. The
biological effect of vitamin D is mediated by VDR and related to VDR
protein expression level. Vitamin D and VDR axis have a strong immu-
nomodulatory effect and antimicrobial effect in HIV infection [7].

High mobility group box 1 (HMGB1) is a protein that has been
associated with inflammatory processes. HMGBI1 contributes to immune
activation and HIV-related progressivity [8]. HMGB1 induces HIV
replication in vitro [9]. The passive release of HMGB1 causes excessive
activation of the immune system in HIV patients [10]. Previous research
in the animal study showed that vitamin D played a role in inhibiting
HMGBI secretion [11].

Several studies have reported the incidence of vitamin D insuffi-
ciency in people with HIV, association with inflammation, and their
importance during HIV infection [7]. However, no studies have been
conducted on vitamin D receptor and HMGBI1 levels and their associa-
tion with the grading of immune status in HIV patients. This reason leads
the current study to examine the correlation and differences in vitamin D
receptor and HMGBI1 protein levels with the immune status of HIV
patients.

2. Methods

This study used a cross-sectional design conducted at the VCT clinic
in Mataram (West Nusa Tenggara) Indonesia from January to June
2020. Three groups of 39 study subjects consisting of 13 participants of
HIV patients with severe immune deficiency (SID), 13 participants of
HIV patients with mild immune deficiency (MID), and 13 healthy con-
trols (HC). Study participants were selected with purposive sampling
and diagnosed with HIV positive serology, treated and recorded during
the January-December 2019 period, which met inclusion and exclusion
criteria. Inclusion criteria were; 1. Patients with HIV who were diag-
nosed serologically as HIV positive; 2. Over 18 years of age; 3.
Completed medical record data; 4. Routine control at the VCT clinic in
Mataram; 5. HIV patients who received treatment of one of ARV com-
binations according to the Ministry of Health guidelines and signed
consent letter. The exclusion criteria were as follows: 1. Pregnant, severe
kidney disease, severe liver problems; 2. HIV patients who drop out of
medication; 2. Patients on therapy or using vitamin D supplementation;
4. Patients with BMI <16 kg/m?. BMI was determined according to
Asian standard i.e., Low BMI= <18.5; Normal BMI = 18.5-22.9; High
BMI = >23.

Data were collected from direct blood sampling and data collection
from medical records. The medical record included patient profile
(name, medical record number, age, weight, date of birth, gender,
address, education, occupation, height, and weight), basic hematology
laboratory results, kidney function, liver function, CD4 count data, ARV
data used, and data from questionnaires on sun exposure, lifestyle, and
diet. Examination of vitamin D receptor and HMGBI1 protein levels were
carried out at the Laboratory of Molecular Biology and Immunology,
Medical Faculty of Hasanuddin University Makassar. The research has
been registered at www.researchregistry.com with research registry
UIN:researchregistry6352. The research has also been approved by the
Research Ethics Committee of Faculty of Medicine, Hasanuddin Uni-
versity with Reference No. 1209/UN4.6.4.5.31/PP36,/2019.

Serum vitamin D receptor and HMGBI1 protein levels were examined
in duplicate using ELISA method (Vitamin D receptor: LSBio LS-F27316
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and HMGB1: LSBio LS-F4038). Reading was performed at a wavelength
of 450 nm.

Obtained data were processed using SPSS version 23.0. The param-
eters and characteristics of the samples were described in three groups.
Data were expressed as mean and standard deviation for vitamin D re-
ceptor and HMGB1 protein serum levels. The normality test was carried
out using the Shapiro Wilk, followed by a non-parametric test with
Kruskal Wallis with a level of significance of p < 0,05. Spearman’s
correlation was used to determine the correlation between vitamin D
receptor and HMGBI1 protein levels with immune status. This study was
conducted following the STROCSS criteria [12].

3. Result

Thirty-nine study’s participants were divided into three groups
including 13 HIV patients with severe immune deficiency (SID), 13 HIV
patients with mild immune deficiency (MID), and 13 healthy controls
(HQ). The baseline characteristic of the study participants is shown in
Table 1.

In this study, all patients (100%) were in productive age, with a
minimum age of 18 years and maximum age of 54 years. The mean age
of the study subjects in the HIV group was 35.4 years. Based on gender,
the subjects were 21 men (53.8%) and 18 women (46.1%). The highest
education levels were high school and diploma, as many as 16 people
(41.02%). Most participants in each group were employees (61.4%), and
the rest were unemployed (38.4%). Nutritional status based on BMI was
84.6% in a normal range of the total study participants, especially in the
HIV group, there was 77% with normal BMI and 23% with low BMI. The
comorbid conditions including anemia 10%, cardiovascular disease 5%,
hypertension 5%, DM 2.5%, hepatitis B 2.5% and renal insufficiency

Table 1
Baseline characteristics of the study groups.
Baseline characteristic HC MID-HIV SID-HIV p-
n=13 n=13 n=13 value
Age 33,85 + 35,69 + 35,08 + 0.922
7,046 9,25 11,18
Sex
1. Male 4 (10,2%) 8(20,5%) 9(23,07%) 0.121
2. Female 9(23,07%) 5(12,8%) 4 (10,2%)
Education
1. Uneducated/Primary - 1 (2,5%) 1 (2,5%) 0.024
School
2. Secondary school - 5(12,8%) -
3. High school 5 (12,8%) 4(10,2%) 7 (17,9%)
4. Diploma/Bachelor 8 (20,5%) 3 (7,6%) 5 (12,8%)
Employment
1. Unemployed/ 4 (10,2%) 6 (15,3%) 5 (12,8%) 0.289
Housewives/College
student/Retired
2. Private employee 4 (10,2%) 6 (15,3%) 7 (17,9%)
3. Civil servant/Police/ 5 (12,8%) 1 (2,5%) 1 (2,5%)
Teacher/Lecturer
BMI
1. Low BMI - - 6 (15,3%) 0.006
2. Normal BMI 13(33,3%) 13 7 (17,9%)
(33,3%)
3. High BMI - - -
Comorbidities
1. Hypertension - 2 (5%) 0.128
1. Diabetes Mellitus - 1 (2,5%) - 0.368
2. Hepatitis B - - 1 (2,5%) 0.368
3. Renal Insuficiency - - 1(2,5%) 0.368
4. Cardiovascular Disease - — 2 (5%) 0.128
5. Anemia - - 6 (15.3%) 0.001

HC: Healthy Control, MID-HIV: Mild Immunodeficiency-HIV patients, SID-HIV:
Severe Immunodeficiency-HIV patients, HIV: Human Immunodeficiency Virus,
BMI: Body Mass Index.
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2.5%.

The profile of serum vitamin D receptor and HMGBI1 protein levels of
the study participants according to immune status can be seen in
Table 2. As shown in the table, there were significantly lower serum
vitamin D receptor levels and significantly higher HMGBI1 protein serum
levels in the HIV group with severe immune deficiency (SID-HIV) than
the HIV group with mild immune deficiency (MID-HIV) and the healthy
control (HC) group.

Serum vitamin D receptor level was lower in the SID HIV group than
the other 2 groups. As seen in Fig. 1, there was a significant difference (p
< 0.05) between serum vitamin D receptor levels (25(OH)D) in the SID
HIV group (25.89 + 3.95 ng/ml) than in MID-HIV group (33.72 + 1.69
ng/ml) and healthy control group (50.05 + 3.64) ng/ml).

There was a significant difference (p < 0.05) between levels of
HMGB1 protein in SID-HIV group (3119.81 + SD 292.38 pg/ml)
compared to those in MID-HIV (1553.55 + SD 231.08 pg/ml) and
healthy control (680.82 + 365.51 pg/ml). These results indicated an
increase in the levels of HMGBI1 protein in the SID HIV group compared
to the other 2 groups (Fig. 2).

As shown in Table 3, there was a strong negative correlation between
vitamin D receptor serum levels and HMGB1 protein serum levels in
HIV-infected patients with a correlation coefficient r = —0,932. Mean-
while, the results also showed a strong positive correlation between
serum vitamin D receptor levels with immune status with a correlation
coefficient r = 0,686 (Table 4).

Comorbidities correlation with VDR and HMGB1 were observed and
showed at Table 5. There were moderate correlation between anemia
with VDR and HMGB1 (r = 0,518, r = —0,518; p < 0,001).

4. Discussion

The prevalence of hypovitaminosis D varies from 42 to 95% in
different HIV study groups [13]. This study found lower vitamin D re-
ceptors in the severe immune deficiency group. We observed mean
serum vitamin D receptor levels significantly lower in the SID-HIV group
than those in the MID-HIV group and healthy control. This result in
accordance with a cohort prospective study of 204 advanced stage
HIV-infected women in the US during 24-month observation. The study
showed low vitamin D level was associated with decreased CD4 recovery
after ARV therapy in HIV patients with severe immune deficiency.
Impaired naive CD4 cell production was associated with low vitamin D
levels during immune reconstitution [14].

The active form of vitamin D has a significant immunomodulatory
effect as an important determinant of CD4 effector T cell differentiation.
The biological effect of 1,25(0H)2D is mediated by VDR and related to
VDR protein expression level. It is known that 1,25(0OH),D induces
intracellular redistribution of VDR significantly and stabilized VDR
levels by protecting against proteasomal degradation. Proteasomal in-
hibition causes up-regulation of VDR protein and increased activation of
genes induced by 1,25(0OH),D [15].

There was a significantly strong correlation between serum vitamin
D receptor levels and immune status in this study. Vitamin D deficiency
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Fig. 1. Mean comparison of vitamin D receptor/VDR levels in the SID HIV
group, MID HIV group and HC group. The box plots show significantly lower
level of VDR in the SID group. Non parametric test with Kruskal Wallis was used
to compare VDR level (p = 0,000, p < 0,05), followed by post hoc Mann-
Whitney to compare VDR levels between pairs of groups tested (p = 0,000
for each groups compared*). HC: Healthy Control, MID: Mild Immunodefi-
ciency, SID: Severe Immunodeficiency, HIV: Human immunodeficiency Virus.

contributes to the pathogenesis of HIV infection by disrupting innate and
adaptive immune responses. Vitamin D and VDR axis have a strong
immunomodulatory effect and antimicrobial effect in HIV infection [7].
Low levels of vitamin D trigger inflammation and the immune system’s
activation, which will increase the risk of comorbidity and mortality in
the HIV-infected population [16]. Havers et al. stated that low 25(0OH)D
levels were independently associated with higher clinical progression
[7]. The important role of vitamin D in host resistance to infection is
supported by findings such as 1) immune cells can produce CYP27B1
and convert 25 (OH)D to 1a-25 (OH),D; 2) Most cells of the immune
system express VDR; 3) Production of 1a-25 (OH)2D from the immune
system induces the production of anti-bacterial (cathelicidin,
beta-defensin); and 4) Impaired vitamin D status contributes to the
burden of infectious diseases worldwide [17,18]. It is known that
vitamin D triggers autophagy in macrophages, which significantly in-
hibits HIV-1 replication but depends on the dose used [19].

We found that the mean of HMGB1 protein levels was higher in the
SID-HIV group than the MID-HIV group and healthy controls. There was
a robust negative correlation between serum HMGB1 protein levels with
immune status (r = —0.816), but it was not significant (p > 0,05).
Increased HMGB1 was associated with a higher rate of inflammatory
conditions in HIV patients and was further associated with immune
deficiency conditions. This result in accordance with the retrospective
study of 42 HIV-1 infected patients showing increased HMGB1 levels

Table 2
Difference of serum VDR and HMGB1 protein levels in the study groups.
Parameters Group n Mean Standard Deviation Min Max p-value
VDR levels (ng/ml) HC 13 50.05 3.64 44.78 55.57
MID-HIV 13 33.72 1.69 31.02 36.23 <0.0001
SID-HIV 13 25.89 3.95 19.11 30.27
Total 39 36.55 9.28 31.63 40.69
HMGBI protein levels (pg/ml) HC 13 680,82 365.51 79.09 1186.32
MID-HIV 13 1553.55 231.08 1243.83 1948.43 <0.0001
SID-HIV 13 3119.81 292.38 2653.03 3573.31
Total 39 1784.72 296.32 1325.31 2236,02

HC: Healthy Control, MID-HIV: Mild Immunodeficiency-HIV patients, SID-HIV: Severe Immunodeficiency-HIV patients, HIV: Human immunodeficiency Virus, BMI:

Body Mass Index.
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Fig. 2. Mean comparison of High Mobility Group Box 1 (HMGB1) levels in
the SID HIV group, MID HIV group and HC group. The box plots show signif-
icantly higher level of VDR in the SID group. Non parametric test with Kruskal
Wallis was used to compare VDR level (p = 0,000, p < 0,05), followed by post
hoc Mann-Whitney to compare VDR levels between pairs of groups tested (p =
0,000 for each groups compared*). HC: Healthy Control, MID: Mild Immuno-
deficiency, SID: Severe Immunodeficiency, HIV: Human immunodefi-
ciency Virus.

Table 3
Correlation between serum VDR and HMGBI protein levels in HIV-infected
patients.

Variable correlation HIV infection

r* p-value**

Serum VDR and HMGB1 protein levels —0,932 p <0,01

*r = coefficient correlation. **Pearson correlation test.

Table 4
Correlation between serum VDR and HMGBI protein levels and immune status
of HIV-infected patients.

Correlation between variables in HIV-infected patients

r* p-value**
1. Seum VDR levels and immune status 0,686 p <0,01
2. Serum HMGBI1 protein levels and immune status -0,816 p > 0,05

r = coefficient contingency. **Chi Square test.

Table 5

Comorbidities correlation with Vitamin D Receptor and HMGB1 level.
Variable correlation VDR HMGB1 p-value

r r

1. Hypertension -0,300 0,300 0,064
2. Diabetes Mellitus —0,058 0,043 0,727
3. Hepatitis B —0,202 0,202 0,218
4. Renal insufficiency —0,259 0,259 0,111
5. Cardiovascular Disease —0,300 0,300 0,064
6. Anemia -0,518 0,518 0,001*

r = coefficient correlation, p-value using Spearman test, *p-value < 0,01.

and decreased after effective ARV therapy [20]. The higher levels of
HMGB1 protein in people with SID-HIV were associated with HIV
infection that attacks primarily the immune system and characterized by
the failure of immune cells due to chronic immune activation. The
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progression of HIV infection is characterized by an increase in enter-
ocyte damage, microbial translocation, and chronic immune activation
[21]. In the process of viral infection, HMGBI is actively or passively
released by the infected cells and initiates an inflammatory response
driven by the infected cells and the adjacent innate immune cells [22].

HMGBI is a protein that mediates HIV-1 replication in vitro. It is
known that bacterial products and HMGB1 will form an active complex
that produces pro-inflammatory conditions, directly promotes viral
replication in infected cells, and contributes to the immune system’s
activation [9,23]. HMGBI is released by extracellular damage or ne-
crosis, which can act as a potent pro-inflammatory marker by stimu-
lating cytokine expression in monocytes and endothelium [24,25].
HMGB1 can be a natural link between microbial and hyperinflammatory
products [8].

There was a significantly strong negative correlation between serum
vitamin D receptor levels and HMGBI1 protein levels (r = —0.932). This
result was consistent with an animal study that found LPS-induced
HMGB1 secretion was hindered by 1,25(0OH);D via inhibition of
HMGBI1 translocation from the nucleus to the cytoplasm in macro-
phages. It is known that 1,25(0OH),D3 can induce oxygenase 1, which
plays an important role in inhibiting the translocation of HMGBI in the
nucleus and its secretions [10]. A different result from other animal
study stated that HMGBI level did not differ based on vitamin D status
and cell type; also, vitamin D has no direct effect on HMGB1 [24].

In this study, low levels of vitamin D receptor in SID-HIV patients
could occur through a chronic inflammatory process associated with
severe immunodeficiency. Inflammatory causes renal alpha-hydroxylase
activity disruption and decreases the production of 1.25(OH)D by
inhibiting the conversion of 25(OH)D to 1,25(0H),D, which is stimu-
lated by the PTH hormone [26]. Decreased 1,25(OH),D could decrease
induction of vitamin D receptor, resulting in low levels of VDR. Inter-
estingly, the aggravation of the inflammatory factor as a cause can be
seen from the increase in HMGBI levels, which were higher in the
SID-HIV group compared with the MID-HIV group and healthy controls.
Efavirenz (NNRTI) that is known to influence catabolism of 25(OH)D
was used in all this study groups (MID-HIV and SID-HIV) but lower
levels of VDR were found in the group with SID-HIV. We found that
chronic inflammatory factors and decreased immunity were the main
causes of decreased serum VDR which were confirmed by high levels of
HMGB1 protein and low levels of CD4.

We observed comorbidities in this study such as hypertension, dia-
betes mellitus, hepatitis B, mild renal infections, cardiovascular disease,
and anemia. We did not find a significant correlation between several
comorbidities with VDR and HMGBL1 levels from correlation analysis,
except for anemia.

The prevalence of anemia in this study was 15.3% in HIV-infected
subjects, all of whom were in the SID HIV group. This study found a
significant moderate correlation between anemia with VDR and HMGB1
in HIV infection. A study has previously reported the association be-
tween Vitamin D and anemia in various healthy and disease populations.
The mechanism underlying this association involves reducing proin-
flammatory cytokines by vitamin D and the direct suppression of hep-
cidin mRNA transcription [27]. However, there was no previous study
that reported the association between anemia with VDR and HMGBI in
HIV infection.

Despite the small sample size and cross-sectional design, this is the
first study that found a strong correlation between VDR and HMGB1
serum levels in HIV-infected patients. This study also differentiates the
sample into three groups based on immune status. Further study with a
large sample size RCT with vitamin D intervention is needed to establish
the correlation between VDR and HMGBI1 in HIV-infected patients.

5. Conclusion

We found significantly lower vitamin D receptor levels and a higher
level of HMGB1 serum in SID-HIV patients, suggesting chronic
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inflammatory factors and decreased immunity as the causes. A strong
and significant negative correlation between vitamin D receptor and
HMGB1 levels and immune status of HIV patients supports the important
role of the vitamin D receptor in immune status and severity of the in-
flammatory process in HIV-infected patients. A further prospective study
is needed to confirm the association. Examination of serum vitamin D or
VDR and supplementation of vitamin D in HIV patients when insulffi-
ciency or deficiency occurred are warranted.
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