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ABSTRACT. Background: The expression of the interleukin-6 (IL-6) gene promoter and its variations in postmeno-
pausal women of Javanese ethnicity remains unexplored. This study aimed to examine IL-6 promoter polymorphisms
at positions -174G/C, -572G/C, -597A/G, and -634C/G and their associations to osteoporosis status in Javanese
postmenopausal women. Methods: A cross-sectional study was conducted at an elderly integrated service post in
Sidoarjo, Indonesia. Among 699 screened individuals, 66 postmenopausal women fulfilled the inclusion and exclusion
criteria. Bone mineral density was assessed using dual-energy X-ray absorptiometry (DXA), and osteoporosis status
was defined based on T-score values. IL-6 promoter polymorphisms were genotyped by sequencing PCR-amplified
promoter regions. IL-6 mRNA expression was assessed using RT-PCR followed by densitometric analysis, and serum
IL-6 concentrations were determined using enzyme-linked immunosorbent assay. Results: Our study showed that
osteoporosis and osteopenia were predominant (28.8% and 57.6%, respectively), and 13.6% of subjects had normal
BMD. The IL-6 promoter variant genotypes and frequencies were as follows: at -174 GG (0.924), CC (0.045), and
GC (0.030); at -572 GC (0.424), CC (0.406), and GG (0.167); at -597 GG (0.924) and GA (0.0758) GA (0.076); and
at -634 CC (1). The IL-6 mRNA and protein level (median 6.06, IQR 5.0398 pg/mL) were not statistically different
among individuals with different genotypes and with normal, osteopenia, or osteoporosis status. Ordinal regression
showed that IL-6 promoter polymorphisms were not significantly associated with osteoporosis status. The polymor-
phisms of the IL-6 promoter were detected in Javanese postmenopausal women; however, such polymorphisms did
not correlate with IL-6 mRNA and protein levels nor osteoporosis status. Conclusion: 1L-6 promoter polymorphisms
were present in Javanese postmenopausal women; however, these variants were not associated with 1L-6 expression
at the mRNA or protein level, nor with osteoporosis status.
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steoporosis is a disease characterized by bone
O fragility. Osteoporosis is diagnosed by the

presence of low bone mineral density (BMD),
microarchitectural bone tissue abnormalities, and/or
fracture due to bone fragility. Osteoporosis has been
known as «the silent disease» as its clinical manifesta-
tion is mostly undetected until bone fracture(s) occur
[1]. Such fractures may result in disability, a lower qua-
lity of life, high financial costs for patient care, and even
mortality. Many factors underlying osteoporosis include
age, genetics, lifestyle, drugs, and diseases. The loss of
trabecular bone begins during the third decade of life
in both men and women and is accelerated at the meno-
pause, whereas most of the cortical bone loss occurs 10
years after the menopause due to cortical thinning and
increased cortical porosity [2-5]. Increased bone resorp-
tion due to estrogen deficiency has been suggested as
one of the mechanisms of osteoporosis in postmeno-
pausal women. Estrogen directly regulates the balance

of bone absorption and formation processes by osteo-
clasts and osteoblasts, respectively, and indirectly via
inflammatory cytokines, including interleukin-6 (IL-6)
[6]. In postmenopausal women, the estrogen deficiency
may result in higher level circulatory IL-6, which stimu-
lates osteoclastogenesis, thus increasing bone resorp-
tion, leading to an imbalance in bone remodeling that
favors bone loss over formation and consequently deve-
lops into osteoporosis [7-11].

Considering the significant role of IL-6 in the develop-
ment of osteoporosis, genetic variations in the IL-6 pro-
moter region have garnered substantial interest because
of their association with BMD and osteoporosis[12, 13].
DNA sequences in the promoter region may act as a
cis-factor recognized by trans-acting proteins, which, in
concert, regulate transcription of IL-6, thus altering the
mRNA and protein level of IL-6 in response to cellular
microenvironment signalling [14, 15]. Different sites
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within the IL-6 promoter region may function diffe-
rently, as multiple regulatory elements and their corres-
ponding transcription factors can produce differing
levels of activation or act synergistically to activate the
IL-6 promoter through transcription complex formation
[16]. Alteration of DNA base(s) or single nucleotide
polymorphisms (SNPs) may change the motif sequence
recognition by or binding affinity of transcription fac-
tors, thus changing the efficiency of 1L-6 expression.
Among many SNPs on IL-6 promoter region, the -174
G/C (rs1800795), -572 G/C (rs1800796), -597 A/G
(rs1800797), and -634 C/G were reported in genetic asso-
ciation studies in osteoporosis [17-19].

Bone health varies among ethnic groups, age, also
between men and women [20, 21]. A study of women
across seven Asian countries (Singapore, Taiwan,
Thailand, Vietnam, Malaysia, Indonesia, and the
Philippines) demonstrated that Indonesian women were
among those with the lowest T- scores [22]. Indonesia
comprises several ethnic groups, with Javanese accoun-
ting for approximately 40% of the population, and our
previous study demonstrated that the prevalence of
osteoporosis among Javanese postmenopausal women
was 73.5% [23, 24]. Despite the compilation of global
and regional distribution and frequencies of IL-6 pro-
moter SNPs that could be retrieved from several genetic
databases, including Ensemble [25]. Such data for the
Indonesian population are lacking; therefore, investi-
gating these SNPs in the Javanese female population,
which has a high prevalence of osteoporosis, is crucial
for filling this regional gap in genetic epidemiology.
The presents study investigated the genotype and fre-
quencies of IL-6 SNPs at -174 G/C (rs1800795), -572
G/C (rs1800796), -597 A/G (rs1800797), and -634 C/G,
IL-6 mRNA and protein levels, as well as determine
whether there was any association between IL-6 SNPs
genotypes with IL-6 expression and with osteoporosis,
in postmenopausal Javanese women resided in Sidoarjo
and Surabaya, Indonesia.

MATERIALS AND METHODS

Study samples

This cross-sectional study was conducted in Sidoarjo
and Surabaya, East Java, Indonesia. Subjects who
attended monthly activity at the Elderly Integrated
Service Post (Posyandu Lansia), coming from 13 vil-
lages in Sidoarjo and a community association in

Surabaya, were screened using questionnaires (the
Foundation for Medical Practice Education’s Health
Questionnaire for Postmenopausal Women), family
pedigree form (three generation information to deter-
mine ethnicity), interviews, and BMD check using
quantitative ultrasound (QUS) and dual-energy X-ray
absorptiometry (DXA) on lumbal and femoral neck
bone (Discovery, Hologic, Canada). Inclusion criteria
used were women, Javanese (Javanese ethnicity across
three generations was verified using family pedigree
tracing), and postmenopausal period (no menstruation
for 12 consecutive months). The osteoporosis diagnoses
in postmenopausal women were based on T-score
values (WHO classification: normal if the T-score was
> -1.0, osteopenia between -1.0 and -2.5, and osteopo-
rosis if < -2.5). The exclusion criteria, which included
several risk factors affecting IL-6 production and
reduced bone mass, were rheumatoid arthritis, tuber-
culosis, diabetes mellitus, breast cancer with bone
metastasis, a history of unilateral or bilateral oophorec-
tomy, use of bisphosphonates, regular coffee consump-
tion of more than four cups per day (approximately 946
mL), and/or lack of regular physical exercise for at least
30 minutes per session, a minimum of three times per
week [26]. Informed consent was given verbally and in
writing in the prior study, with ethical clearance appro-
ved by the Health Research Ethics Commission, Faculty
of Medicine, Universitas Brawijaya, with the number
247/EC/KEPK/S3/06/2016.

Determination of IL-6 promoter
SNPs and IL-6 expression

Blood samples were collected from participants meeting
inclusion and exclusion criteria, processed, and used for
SNPs and expression analyses. Total DNA and RNA
were isolated from whole blood using the QIAamp
DNA Blood Mini, QIAamp RNA Blood Mini, and
RNase-Free DNase Set from QIAGEN (catalog
numbers: 511404, 52304,79254, Hilden, Germany).
The concentration and purity of DNA and RNA were
measured by a spectrophotometer at A = 260 nm and
A =280 nm with RNase-free water as a blank. The pri-
mers used are shown in table 1.

IL-6 mRNA levels were determined using the Reverse
Transcriptase PCR kit (GoTaq® Green Master Mix,
Promega, and OneStep RT-PCR, Qiagen). PCR reac-
tion consisted of GoTaq" Green Master Mix 1x12.5 pl,
1 uL of each primer, DNA template, and water to make

Table 1.
Primer Sequences.

Target Basis Design (NCBI) Primer Sequence (5’-3’)
IL-6 gene promoter AY170325.1 Primer pair 1 (Forward) TCTGAACCAGCTTGACCCAA
Primer pair 1 (Reverse) CTGTGAGGCTGTTGTAGA
Primer pair 2 (Forward) AGGAGCCAACCTCCTCTAAG
Primer pair 2 (Reverse) GAGCTTCTTTCGTTCCCG
IL-6 mRNA NM_000600.3 Forward GAACTCCTTCTCCACAAGCG
Reverse TCTGAAGAGGTGAGTGGCTG
B-actin NM_001101.3 Forward CCAGCTCACCATGGATGATG
Reverse AGATGCCTCTCTTGCTCTG
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up a 25 pL volume. For RT-PCR, the 40 uL reaction
consisted of 8 uL buffer, 1.6 uL dNTP mix, 1.6 uL
enzyme mix, 25 ng RNA template, and 1.6 uL for each
primer (both IL-6 and p-actin genes). PCR program-
ming was preceded by the formation of cDNA from
mRNA. Amplification of cDNA used cycles of 94 °C
for 30 seconds, 53 °C for 30 seconds, 72 °C for 1 minute,
and final extensions: 72 °C for 10 minutes. Comparison
of cDNA band intensity samples and internal control
of the B-actin gene was carried out through densitome-
tric analysis with the ImageJ program (http://rsbweb.
nih.gov/ij/). Amplification in PCR and RT-PCR was
carried out on a thermal cycler machine for 35, 40, and
31 cycles for the IL-6 promoter region, IL-6, and p-actin
mRNA, respectively. PCR programming for the tem-
perature was used from pre-denaturation/incubation to
extension as follows: 95 °C 1 minute; 95 °C 30 seconds;
57 °C 30 seconds; 72 °C 30 seconds; and 72 °C 5 minutes.
Agarose gel electrophoresis was used to check PCR
products of 572 and 760 bp for IL-6 promoter, and
RT-PCR of 150 and 204 bp for the IL-6 and p-actin
genes, respectively. DNA sequencing was performed
using 3500 Series Genetic Analyzers AB Applied
Biosystem (catalog number 4405673, Thermo Fisher
Scientific, Massachusetts, USA), then analyzed
(BioEdit) against NCBI reference sequences.

Serum IL-6 concentrations were measured, in triplicate,
by using Sandwich-ELISA following manufacturer ins-
tructions (the Human IL-6 Platinum ELISA kit, eBios-
cience, USA Cat. NoBMS213/2CE or MS213/2TENCE),
read at A = 450 nm with corrections at A = 540-570 nm.

Statistical analysis

The distribution of the variables was examined by the
Kolmogorov-Smirnov test. ANOVA one-way or
Kruskal-Wallis was used to assess variable differences
among groups. Pearson analyses were used to determine
the association between IL-6 mRNA, protein levels, and
T-score, while Spearman analyses for genotypes, IL-6
expression, and T-score bone diagnosis (normal,
osteopenia, and osteoporosis).

Ordinal regression models were used to analyze the
independent effect of BMI, genotypes, and 1L-6 expres-
sion on T-score bone diagnosis. In Model 1, each
variable was regressed on the T-score bone diagnosis
without adjustment, whereas in Model 2, it was adjusted
for participants’ age, age when menopause started, and
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duration of menopause. Statistical Product and Service
Solutions (SPSS) ver.22 (IBM Corp., Armonk, NY,
USA) was used for the analyses, and p<0.05 was consi-
dered statistically significant.

RESULTS

Of 699 individuals screened, 426 were postmenopausal,
and a total of 66 met the inclusion and exclusion crite-
ria. In this study, the participants’ age ranged from 50
to 72 years, and the lumbal T-score median was lower
than that of the femoral neck (table 2). The prevalence
of osteoporosis was 28.8 % (19/66), osteopenia 57.6%
(38/66), and normal 13.6% (9/66). Of note, the median
BMI of the group with normal T-score was higher than
that of the osteopenia and osteoporosis groups and
could be considered overweight to obese. The IL-6
mRNA and protein levels were not statistically different
among normal, osteopenia, and osteoporosis groups
(table 3).

Genotypes of the individuals were determined by
amplifying the IL-6 gene promoter region amplified
(figure 1) and sequencing for a total length of 1332 bp.
The DNA sequences were analyzed, and genotype

Table 2.

General Characteristics of the study participants (N=66).
Variables Median (IQR) Minimum  Maximum
Age (year) 60 (7) 50 72
Height (cm) 150.67 (4.5559) 143 160
Weight (kg) 59.49 (10.2093) 40 85
Body mass index 25.92 (5.5871) 18.22 35.06
(kg/m®)

First menopause 49.5(7) 30 60
age (years)

Menopause 12 (10) 1 30
duration (years)

T-score: lumbal -2.8(1.4) -5.3 1.3
(gfem®)

T-score: femoral -1.9(1.1) -3.5 0.5
neck (g/cmz)

IL-6 mRNA 2.65(3.0937) -0.07 18.9
IL-6 protein 6.06 (5.0398) -0.62 27.16
(pg/mL)

T-score: patient BMD — young adult reference BMDlreference SD. IL-6 mRNA
was expressed as a ratio between IL-6 and B-actin mRNAs; IQR, Interquartile
Range; IL-6, interleukin-6.

Table 3.
Characteristics of study participants according to T-score diagnosis (N=66).

Variables Normal Osteopenia Osteoporosis p-value
n (%) 9 (13.6%) 38 (57.6%) 19 (28.8%)

Age (years) 60 (3) 61 (8) 63 (4) 0.424
Menopause age (years) 48 (7) 50 (7) 49 (7) 0.999
Menopause duration (years) 10 (12) 11.5(11) 13 (8) 0.686
BMI (kg/m?) 31.5(9.2850) 26.1 (4.441) 23.31 (4.2959) 0.016
IL-6 mRNA 2.2860 (3.6870) 3.1003 (3.4704) 1.9167 (1.6434) 0.242
IL-6 protein (pg/mL) 6.4892 (6.2255) 6.7126 (5.6188) 4.5359 (2.4814) 0.342

Data are presented as frequency (percentage) or median (IQR), analyzed using Kruskal-Wallis.
BMI: body mass index, IL-6: interleukin-6.
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Figure 1
Visualization of the PCR and RT-PCR products. (a) Representative of PCR results of 1L-6 gene promoter products (572 bp and
760 bp); (b) Representative of RT-PCR of B-actin and IL-6 mRNAs (204 bp and 150 bp, respectively).
M = Marker, S = Sample.
PCR: polymerase chain reaction; RT-PCR: reverse transcriptase-polymerase chain reaction; IL-6, interleukin-6.

frequencies were calculated for SNP -174 G/C
(rs1800795), -572 G/C (rs1800796), -597 A/G
(rs1800797), and -634 C/G. More than 90% homology
was demonstrated for all DNA samples aligned against
the AY 170325 reference sequence. If the base(s) and
genotype(s) were the same with AY 170325, they were
designated as “wild type”, whereas if not the same were
“variant” (figure 2).

SNPs were detected at position -174 G/C, -572 G/C, and
-597 A/G. The GG, CC, and GC genotypes were seen
at-174 G/C and -572 G/C. The GG and A/G genotypes
were also found at -597 A/G. The present study showed
that frequency of IL-6 polymorphisms -174 G/C, -572
G/C, and -597 A/G were highest for GG (92.4%), GC
(42.42%), and GG (92.4%) genotypes, respectively, whe-
reas among the lowest were GC (3%), GG (16.7%), and
GA (7.6%) genotypes, respectively (tables 4, 5). At -634
C/G IL-6, all Javanese postmenopausal women samples
showed the CC genotype (100%) and no other geno-
types (CG, GG, 0%).

The frequency of IL-6 polymorphisms shown in table 5.
The relationship between IL-6 promoter polymor-
phisms and diagnosis of osteoporosis was only detected
on -174G/C (p=0.048). The -174 GG may correlate with
osteoporosis; however, it is not statistically significant
(table 5).

The association of IL-6 promoter polymorphisms,
IL-6 expression, and bone densities was analyzed.
Apparently, there was no linear relationship between
IL-6 mRNA and protein level, with Pearson correlation
r=0.0578, p=0.645. The Pearson correlation between
T-scores with IL-6 mRNA and protein levels was not
significant (r=0.002, p=0.986 and r=0.108, p=0.387,
respectively). Similarly, there were also no significant
differences in IL-6 mRNA and protein levels among
different genotypes at position -174, -572, and -597 as
summarized in figure 3 and table 6

DISCUSSION

Many publications reported the association of the SNPs
in IL-6 promoter region with risks of osteoporosis;
however, mostly were not completed with measurement
of the actual IL-6 expression. While numerous studies
focus on elderly populations, research suggests that
genetic predisposition begins to manifest early. It has
been reported that IL-6 promoter variants are

associated with BMD even in pre-menopausal women,
suggesting that genetic screening could identify at-risk
individuals long before the onset of age-related bone
loss [12]. Large-scale evidence suggests that specific loci
within the IL-6 promoter region are significant predic-
tors of bone health. A meta-analysis focused specifically
on the -174 G/C polymorphism, identifying it as a key
genetic risk factor for the development of osteoporosis
[18]. Building upon this, an independent comprehensive
meta-analysis that examined both the -174G/C and
-572C/G polymorphisms, confirmed their roles as signi-
ficant markers in determining individual susceptibility
to bone mass loss [17].

Recent studies have highlighted how genetic risk factors
interact with environmental and physiological variables
in specific Asian cohorts. In another report, focusing
on Chinese postmenopausal women, the impact of IL-6
polymorphisms on osteoporosis risk was found to be
significantly exacerbated when obesity was taken into
account, suggesting a synergistic effect between systemic
inflammation and genetic makeup [19]. In the Indonesian
context, the results from two studies pinpointed specific
regional variations. These studies observed distinct
genotype differences in the -572 G>C and -174 G>C
loci among Balinese postmenopausal women, distingui-
shing those with and without osteoporosis. Furthermore,
studies investigating less common variants, identified
the presence of IL-6 -385A/T and -386A/T polymor-
phisms in Javanese postmenopausal women, further
emphasizing the genetic diversity intrinsic to bone-
related pathologies [27-28]. On the other hand,
studies linking IL-6 serum levels with bone strength
did not consider the SNPs of the IL-6 promoter
[8,9, 11, 20, 29].

The current research identified four SNPs in the pro-
moter region of IL-6 and its expression in postmeno-
pausal Javanese women, aiming to explore the
relationship among the genotypes, IL-6 mRNA, protein
levels, and osteoporosis. The results showed that the
genotype of the SNPs and their frequency did not signi-
ficantly differ among normal, osteopenia and osteopo-
rosis individuals, and that there were no statistically
significant differences between the correlation of the
genotypes and IL-6 expression and T-score, respec-
tively. Overall, the median IL-6 protein values of
healthy individuals were in the normal range of healthy
individuals. According to a recent meta-analysis study,
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3. At position IL -6 -597 A/G, which is the sequence aggGtgg, and aggG/Atgg.
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4. At position IL-6 -634 C/G, which is the sequence acCtgg
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Figure 2
Bases at four SNP positions in the IL-6 gene promoter, i.e., -174 G/C (rs1800795), -572 G/C (rs1800796), -597 A/G (rs1800797),

and -634 C/G.

1L-6: interleukin-6.

serum IL-6 level is 5.186 pg/mL (95% CI: 4.631, 5.740)
and increases with age 0.05 pg/mL per 1 year (95% CI:
0.02, 0.09; p < 0.01) [30]. Even in studies that reported
variations in IL-6 serum levels between normal and
osteoporosis groups, these differences were mostly very
slight and all arguably still within the normal range, for
instance, In non-osteoporosis versus o0steoporosis,
which was 2.51%£1.13 pg/mL vs 3.47£1.75 pg/mL in
Balinese women [31], 0.14%£0.09 IU/mL versus
0.21+0.15 TU/mL in postmenopausal German women
with and without hormonal replacement therapy, res-
pectively [8], and 0.15£0.08 IU/mL vs 0.21£0.09 IU/mL
in Taiwan women [9]. These data suggested a slight
upregulation of IL-6 in osteoporosis, potentially reflec-
ting subtle increases in osteoclastogenic cytokine signa-
ling, but not an extreme pro-inflammatory state. These
studies also showed IL-6 elevations are present but
small, suggesting that while IL-6 may be involved in

osteoporotic processes, its circulating levels might not
serve as a robust independent clinical biomarker due to
overlap between groups, as the latter study mentioned
that the specificity of IL-6 value for diagnosis was
54.53%, which is too low for a diagnosis tool [32].
Stojanovi¢ et al. reported that a more pronounced
increase, i.e., each doubling of IL-6 serum levels, was
associated with an increased hazard ratio for hip frac-
tures, another variable of bone fragility [33]. Results
from most recent studies, however, are aligned with our
findings, in that circulatory IL-6 did not showed signi-
ficant relation with femoral neck bone mass density [11].
Moreover, in a previous clinical trial study, a rando-
mized, double-blinded, crossover study revealed that
infusion of recombinant IL-6 did not affect bone resorp-
tion markers, which suggests that IL.-6 did not regulate
bone remodeling in humans [29]. Overall, these conflic-
ting results may be explained by the nature of IL-6,
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Table 4.
Genotype frequencies of I1L-6 promoter SNPs, IL-6 mRNA, and protein levels.

Genotype Frequency IL-6 mRNA (meantSD)* p-value IL-6 protein, pg/mL (meant SD) p-value
-174 G/C 0.159 0.846
GG 0.924 2.630412.9401 6.1028+5.1726
GC 0.030 6.1131+8.2314 4.0325+0.9091
CC 0.045 0.7068+0.4103 6.44161+4.2468
-572 GIC 0.426 0.338
GG 0.167 3.4323%3.6205 4.5195%2.3792
GC 0.424 2.8078+3.6872 5.1442%4.6391
CC 0.406 2.1641+ 2.0582 7.6263% 5.8753
-597 AIG 0.356 0.222
GG 0.924 2.7500+3.1813 5.8371+4.8076
GA 0.076 1.4105£1.2782 8.7195+7.5131
AA 0 - -

-634 C/IG - -
GG 0 — —

GC 0 — —

CcC 1 2.6020+2.942 6.0935+5.2915

* Expressed as a ratio between IL-6 and B-actin mRNAs.

IL-6: interleukin-6; SNPs: single-nucleotide polymorphisms; SD: standard deviation.

which has both pro- and anti-inflammatory actvity [34],
its increase with age and acting as a comorbid factor in
many inflammatory diseases in the elderly [35, 36].
The expression of IL-6 is not uniform; it is highly regu-
lated by both the cellular environment and internal
stress signals. Advances in spatially resolved transcrip-
tomics have highlighted how gene expression, including
that of cytokines like IL-6, is organized in a precise
architectural manner within tissues to facilitate loca-
lized immune responses [37]. At a subcellular level, the
distribution of IL-6 mRNA is controlled by specific
proteins. For instance, the cellular distribution of Y-box
binding protein 1 (YB-1) determines IL-6 mRNA levels,
indicating that the cytokine’s availability is managed
through intricate intracellular localization mechanisms
[38]. The biological outcome of IL-6 presence is dictated
by how it interacts with its receptors. IL-6 signals
through two primary modes: «classic» signaling (via the
membrane-bound IL-6 receptor o) and «trans-signa-
ling» (via the soluble 1L-6 receptor). The decision
between these pathways is determined by the stoichio-
metric ratio of IL-6 receptor o (IL-6Ra) to the
signal-transducing protein gp130. Dynamic modeling
has shown that even slight variations in the expression
of these two components can shift a cell’s response from
a classic homeostatic signal to a trans-signaling inflam-
matory response [39]. Furthermore, this regulation is
highly cell-specific; research into endoplasmic reticulum
(ER) stress shows that IL-6 family cytokines are modu-
lated differently in astrocytes compared to macro-
phages, suggesting that the same physiological stressor
can yield entirely different IL-6 profiles depending on
the cell type involved [40].

In the context of bone physiology, the distinction
between these signaling pathways is critical for thera-
peutic understanding. While IL-6 can exhibit both
cis-(classic) and trans-signaling in osteocytes and

osteoblasts, research indicates that only the trans-signa-
ling pathway is capable of promoting bone formation
and driving osteoclastogenesis. This pathway-specific
influence is further evidenced in pathological states. In
models of estrogen deficiency (such as post-ovariec-
tomy), IL-6 trans-signaling has been identified as the
primary mediator of trabecular bone loss. Interestingly,
this effect appears localized to trabecular structures, as
trans-signaling does not appear to mediate bone loss in
cortical bone, further emphasizing the spatial specificity
of IL-6 action within different skeletal compartments
[6, 7]. The source of the specimen used, i.e., circulatory
IL-6, showed temporal (diurnal) variation [41].
Therefore, such confounding factors should be consi-
dered in future studies to resolve the conflicting 1L-6
roles in bone health.

In this study, we also found that the relation of mRNA
and protein levels was not linear; the low or high mRNA
level was not necessarily followed by a low or high level
of protein, suggesting that regulation of IL-6 expression
was not determined entirely by activation or repression
of the IL-6 promoter. The level of IL-6 mRNA depends
on the number of de novo syntheses of mRNA, post-
transcription regulations such as constant flux of the
mRNA between nucleus and cytoplasm, also its trans-
port into the extracellular space, and maintenance of
mRNA IL-6, i.c., the balance of its stability and degra-
dation [38, 42]. The non-linear relation between mRNA
and protein IL-6 has recently been shown following the
use of metoprolol, which rapidly decreases IL-6 protein
level but not mRNA [43], suggesting the level of 1L-6
protein may be regulated at translational and post-trans-
lational levels, albeit the mechanisms are underex-
plored. Moreover, under no inducer of inflammatory
condition, the SNPs in the promoter region of IL-6 most
probably did not influence the level of basal circulatory
IL-6mRNA and protein. Our study highlights that the
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Table S.
Genotype frequencies, nRNA, and protein levels according to T-score diagnosis.
Genotype frequency, n (%)
IL-6 mRNAL1, IL-6 protein (pg/mL)
Frequency n p-value Rho, p-value
Genotype (%) (N=66) Normal Osteopenia Osteoporosis (Fisher) (Spearman)2
-174 G/IC 0.048* -0.0438, 0.727
GG 61(92.4) 7(11.5) 37 (60.7) 17 (27.9)
1.07%0.82 3.18+3.49 2.09%1.66
6.5316.98 6.7715.68 4.48+2.32
GC 2(3.0) 1(50) 1(50) 0(0)
11.93 0.29 —
3.39 4.68 -
CC 3(4.5) 1(33.3) 0(0) 2(66.7)
1.17 0.48%0.14
9.27 — 5.03+4.9
-572 G/IC 0.483 -0.0138, 0.799
GG 11(16.7) 2(18.2) 5(45.5) 4(36.4)
5.99+8.39 3.68+2.67 1.83+1.68
4.69+1.85 6.1£1.85 2.44+1.79
GC 28 (42.42) 5(17.2) 18 (65.5) 5(17.2)
1.44+0.7 3.27+4.3 2.52+2.15
8.14%8.28 4.52+3.47 4.39+3.46
CC 27 (40.6) 2(7.7) 15 (53.8) 10 (38.5)
0.68+0.28 2,7+2.38 1.65+1.46
4.15£1.29 9.55+7.28 5.44%1.75
-597 AIG 0.192 -0.1478, 0.236
GG 61(92.4) 7(11.5) 36 (59) 18 (29.5)
2.52+4.22 3.17+3.54 2£1.65
3.9942.7 6.7615.77 4.7£2.44
GA 5(7.6) 2 (40) 2 (40) 1 (20)
1.48+0.45 1.85+2.2 0.38%0
15.21+8.4 5.8%1.6 4.5412.48
AA 0(0) 0(0) 0(0) 0(0)
-634 C/IG — —
GG 0(0) 0(0) 0(0) 0(0)
GC 0(0) 0(0) 0 (0) 0(0)
CcC 66 (100) 9(13.6) 38 (57.6) 19 (28.8)
2.29+3.7 3.1£3.5 1.92+1.6
6.49+6.2 6.71£5.6 4.54+2.5

T-score: patient BMD — young adult reference BMDlreference SD. ' Expressed as a ratio between IL-6 and B-actin mRNAs. > IL-6 promoter genotypes vs. T-score bone

diagnosis. * p-value < 0.05. IL-6, interleukin-6.

relationship of genotypes (SNPs) and phenotypes at
mRNA and protein levels was not always linear, and
differences in SNPs or genotypes would not necessarily
translate into mRNA, protein, and the relevant
downstream processes.

In our study, only the -634 CC genotype (frequency 1,
or 100%) was detected at IL-6 —634 C/G in the Javanese
postmenopausal women, which is probably ethnic

specific. The only reported study pertaining to -634
C/G,in the Javanese population, showed different
results, in that is the GG genotype was proposed to play
a role in BMD reduction [44]. Compared to data from
other regions, including Global, Southern, and East
Asia [25], the IL-6 promoter genotypes and frequencies
found in the present study indicate more similarity with
those of East Asia than Southern Asia. For -174G/C,
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Figure 3
Summary of 1L-6 expression based on T-score diagnosis and IL-6 promoter genotypes.
IL-6: interleukin-6.

Table 6.
Association between IL-6 promoter variant genotypes, mRNA and protein levels with T-score bone diagnosis.

Model 1* Model 2*

Variables Coef 95%ClI y 24| Coef 95%ClI p>lz| Prob>chi’
BMI -0.205 -0.336, -0.074 0.002 -0.247 -0.399, -0.095 0.001 0.0087
-174G/C

GC -2.037 -4.777,0.704 0.145 -2.282 -5.821, 1.256 0.206

CC 1.005 -1.696, 3.708 0.466 2.363 -0.577, 5.302 0.115
-572G/C

GC -0.825 -1.929,0.28 0.143 -1.029 -2.31,0.251 0.115

GG 0.069 -1.216, 1.354 0.916 -0.409 -1.853,1.033 0.578
-597AIG

GA -1.268 -3.178, 0.641 0.193 -1.837 -4.324, 0.650 0.148
IL-6 mRNA -0.056 -0.206, 0.093 0.459 -0.069 -0.244, 0.106 0.441
IL-6 protein -0.062 -0.154, 0.031 0.193 -0.062 -0.169, 0.046 0.258

*Model 1 is unadjusted, * Model 2 is adjusted for age, start age of menopause, and duration of menopause.

CI: confidence interval; BMI: body mass index.

the GG genotype was predominant in all regions stu-
dies, albeit with different frequencies. The present study
showed that the frequency allele of -174 GG was similar
to that reported in another study conducted on Javanese
[35]. Another study of the Indonesian population also
showed that the SNP did not correlate with osteoporo-
sis risk [45]. Recent meta-analysis [17] and other studies,
linking obesity [19] and diet [46] with IL-6 promoter
SNPs, indicated that overall, -174G/C (rs1800795) was

insignificantly associated with osteoporosis vulnerabi-
lity. It is of note that the distribution of -572G/C
(rs1800796) varies globally [25]. From this study, the
genotype distribution of the Javanese resembles more
than that of Southern Asia. Meta-analysis of associa-
tion -572G/C with osteoporosis risk reportedly indi-
cated that the occurrence of -572 GG increased the risk
of osteoporosis [17], which is in contrast with the pre-
sent study showing instead the tendency of the
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occurrence of CC to increase the risk of osteoporosis in
Javanese postmenopausal women, despite statistically
not being significant (fable 5). In order to explain this
discrepancy, we suggest a more comprehensive study
with larger sample sizes and multicenter designs to war-
rant validation of the present findings.

Limitations

This study has several limitations. First, the relatively
small sample size may have limited the statistical power
and the ability to detect subtle associations between
IL-6 polymorphisms, gene expression, and osteoporosis
status. Nevertheless, strict inclusion and exclusion cri-
teria were applied to minimize potential confounding
effects, particularly rheumatoid arthritis, which is com-
mon in older populations.

CONCLUSION

In conclusion, in postmenopausal Javanese women, the
variant genotypes of SNP IL-6 were found in -174 G/C,
-572 G/C, -597 A/G, and -634 CG. The results of this
study support the assumption that the presence of SNPs
in the IL-6 promoter was not necessarily associated with
gene expression, i.e., mRNA and protein level nor mani-
festation of osteoporosis.
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