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In severe acne vulgaris, TNF-x gene variants are connected to
increased TNF-a gene expression and insulin resistance
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Background: Acne vulgaris (AV) is a chronic inflammatory skin condition affecting the

on the face, upper limbs, torso, and back, with comedones formation being the pri-
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o psychological impact.
University

Aim: The purpose of this study was to investigate the significance of two genetic
variants in the promoter region of the tumor necrosis factor-alpha (TNF-a) gene and
their association with insulin resistance (IR) in acne patients. To understand how these
variants contribute to AV and its associated IR.

Subjects and methods: An analytical cross-sectional study with a case-control design
and research evaluation was carried out on 87 AV patients and 73 healthy volun-
teers. The medical histories of both groups were obtained, as well as the severity
and duration of inflammation among acne sufferers, as well as demographic data. Bio-
chemical analysis was performed on both sets of participants, including fasting blood
glucose levels, insulin levels while fasting, IR, and serum TNF-a. PCR-RFLP analysis
identified —863 G > A (rs1800630) and —308 G > A (rs1800629) variations, and

Abbreviations:: AA, Alopecia areata BMI: body mass index; AV, Acne vulgaris; CRP, C-reactive protein cDNA: complementary DNA; DNA, Deoxyribonucleic acid; ELISA, enzyme-linked
immunosorbent test; PCR, polymerase chain reaction; VDR, Vitamin D receptor.
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real-time PCR analysis evaluated TNF-a gene expression in both patients and healthy
people.

Results: Acne patients exhibited significantly higher levels of IR, fasting glucose, fasting
insulin, serum TNF-a, and TNF-a folding change, when compared to healthy controls.
The co-dominant model for —863 G > A and —308 G > A variants exhibited significant
variations between the two groups. Severe acne patients who had the A/A genotype for
—308 variants exhibited higher levels of IR, serum TNF-a, and TNF-« folding change.
Highly significant positive linear correlation between IR, serum TNF-a, and TNF-a
folding change in severe AV.

Conclusion: There is a correlation between AV, especially severe acne, and the —863

G > A and —308 G > A polymorphism, which influences TNF-a gene expression and

serum TNF-« levels.

KEYWORDS

1 | INTRODUCTION

Multiple factors contribute to the development of acne vulgaris (AV),
including excessive sebaceous production, inflammation, and hormonal
factors.!

In acne, insulin has a key role in inducing androgen production,
which in turn leads to hyperkeratinization, excessive sebum produc-
tion, and sebaceous gland proliferation. So, the etiology and severity of
acne may be influenced by insulin.2

There is increasing interest in the potential connection between
AV and insulin resistance (IR). Limited information is currently avail-
able, but it is known that patients with AV often have elevated insulin
serum levels. Both acne and IR involve similar hormonal and signal
transduction pathways.3

Interleukin-1 (IL-1) and tumor necrosis factor-alpha (TNF-a) are
markers of inflammation that serve an important role in the growth
and progression of AV. They influence hyperkeratinization, the first
observable stage of microcomedone growth. Injury is caused by aber-
rant generation of lipids and IL-1 release from epithelial cells, which
starts the acne formation cascade. IL-1 influences keratinocytes and
stimulates the generation of TNF-a, which activates them. The func-
tion of primary and secondary inflammatory cytokines in acne etiology
is still debated, as research on genetic associations has demonstrated.
The TNF-a superfamily and its receptors have a variety of implications
for skin problems. Genetic variables, specifically SNPs in the TNF-a
gene promoter, may influence TNF expression and the occurrence of
acne lesions.*

The goal of this research is to evaluate the significance of the —863
G > A (rs1800630) and —308 G > A (rs1800629) variants in the mod-
ulation of TNF-a gene expression, as well as to explore the potential

association between the TNF-a gene and IR in acne patients. To learn

acne vulgaris, insulin resistance, serum TNF-c, TNF-ox gene, TNF-a gene expression

more about how these genetic variations work and may play a role in
the etiology of AV and its associated IR by examining the relationship
between the TNF-a gene and IR.

2 | SUBJECTS AND METHODS
2.1 | Subjects

This study is a case-control study that involved 87 acne patients
and 73 healthy controls. The study was conducted for a year in a
dermatology outpatient department and followed guidelines set by
the Helsinki Declaration. The research was granted permission by
Shagra University’s Ethics Committee; the protocol reference num-
ber is ERC_SU_20220088, and individuals provided written consent.
The research incorporated a complete medical history for both acne
patients and controls, including demographic information, acne history,
and medication usage.

The severity of acne was graded as mild, moderate, or severe. Mild
acne is defined as (at least 20 comedones, 15 inflammatory lesions,
or a total lesion count of 30). Moderate acne is distinguished by the
presence of 20-100 comedones, 15-50 inflammatory lesions, or a
total lesion count of 30-125. Severe acne (more than five pseudo-
cysts, a total comedones count of more than 100, a total inflamma-
tory count of more than 50, or a total lesion count of more than
125).°

Acne individuals between 15 and 45 of any gender who have not
undergone acne therapy in the previous six weeks are eligible.

Being pregnant, nursing, usage of oral contraceptives, or being post-
menopausal are all exclusion criteria. Individuals with other systemic
diseases, those on regular treatment for various illnesses, and those
who consumed isotretinoin by mouth in the last 3 months have been

removed from the trial.
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3 | DNA EXTRACTION AND GENOTYPE
ANALYSIS

3.1 | DNA extraction and purification

Blood specimens were obtained using Na2EDTA as a coagula-
tion inhibitor. According to the manufacturer’s guidelines for blood
methodology, hereditary deoxyribonucleic acid was isolated from

200 uL of entire blood utilizing the QlAamp® DNA BloodMini Kit
(Qiagen, Hilden, Germany).

3.2 | Genotypes analysis of —863 G > A variants
(rs1800630)

—-863G > A genotype of the TNF-a gene detected by PCR—RFLP
as previously described by Veloso et al. in their research.® The
forward primer F:5-GGCTCTGAGGAATGGGTTAC-3’and reverse
R:5’-CTACATGGCCCTGTCTTCGTTACG-3’ The
sequence was subjected to a blasting procedure at the URL
https://blast.ncbi.nlm.nih.gov/Blast.cgi. The PCR product was 126 bp
digested by BsaAl restriction enzyme (NEB) at 37°C for 8 h, elec-
trophoresed on 3% agarose gel stained with ethidium bromide. The

primer primer

126 bp band corresponded to the C wild-type C allele and a set of
103 bp and 23 bp bands corresponded to the variant A allele.

3.3 | Genotypes analysis of —308 G > A
(rs1800629)

—-308G > A genotypes of TNF-a gene detected by PCR—-RFLP as
previously described by Banday et al described” the forward primer
sequence F:5' -GGAGGCAATAGGTTTTGAGGGCCAT-3’' and the
reverse primer sequence R:5'-CTGTCT-CGGTTTCTTCTCCATGGCG-
3’The primer sequence was subjected to a blasting procedure at
the URL https://blast.ncbi.nim.nih.gov/Blast.cgi. The amplified PCR
product 195 bp was digested using Ncol restriction enzyme (NEB). The

digested PCR products were checked on 3% agarose gel. A/A genotype
undigested (195 bp) while G/G digested into (173 and 22 bp) the G/A
yielded three fragments (195 bp, 173 bp, and 22 bp).

4 | RNA EXTRACTION GENE EXPRESSION

4.1 | RNA extraction and purification

Total RNA was extracted from blood samples using a Qiagen QlAamp
RNA Blood Mini Kit (Catalog number: 52304), and RNA purity was
checked using a Nanodropper 2000. (ThermoScientific).

4.2 | cDNA synthesis

The process of reversing RNA into complementary DNA (cDNA) is
achieved through the utilization of the cDNA Reverse Transcription Kit,
which is manufactured by Invitrogen, a prominent company in the field

of Life Sciences.
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4.3 | Quantitative real-time PCR

Quantitative real-time PCR was performed using a Bio-Rad Cycler,
Maxima SYBER Green Q PCR Master Mix, cDNA, and specific
primers TNF-a gene F: 5° CCCAGGCAGTCAGATCATCTTC-3’, R: 5'-
AGCTGCCCCTCAGCTTGA-3'. The primer sequence was subjected to
ablasting procedure at the URL https://blast.ncbi.nlm.nih.gov/Blast.cgi.

The PCR involved 40 cycles of denaturation, annealing, and exten-
sion. Normalization was done based on the expression level of the
internal control gene beta-actin and specific primer sequences were
used for beta-actin and TNF-a gene.®

The relative mRNA expression of the candidate gene is calculated
by averaging the threshold cycle (Ct) numbers obtained from tripli-
cate amplification reactions, and the magnitude of change in mRNA

expression is determined using the standard 224 <) method.?

4.4 | Biochemical analysis

Serum glucose determination was conducted using a kit from Bio
System, Spain, while insulin measurement was done using an ELISA
kit from Demeditec, Germany. The estimation of IR was performed
using the homeostasis model assessment of insulin resistance (HOMA-
IR), with IR calculated as fasting insulin multiplied by fasting glucose
divided by 22.5. Serum TNF-« level was assessed by Human CBA
Th1/Th2 cytokine kit (Cytometric Bead Array, BD Biosciences, San

Jose, CA) according to the manufacturer’s instructions.

4.5 | tatistical analysis

Arlequin software (version 3.1) and SNPstats were used to calcu-
late allele frequency and genotypes http://bioinfo.iconcologia.net/SN

Pstats. SPSS software version 17 was used to analyze the data. ROC
curve analysis was used to evaluate the accuracy of TNF gene expres-
sion, IR, fasting glucose, and fasting insulin levels. The best cutoff values
were selected based on maximum sensitivity and specificity for pre-
diction. The area under the curve criteria was used to qualify the
accuracy. Two-sided tests were conducted with a significance level
of 0.05. Independent t-tests, chi-square tests, One-way ANOVA, and
Pearson correlation coefficient tests were used to compare groups and

examine relationships between data.

5 | RESULTS

5.1 | General clinical information for acne patients
and healthy controls

The clinical and general data pertaining to both the acne patients and
healthy controls have been meticulously presented in Table 1. It is
noteworthy that acne patients exhibited significantly higher levels of
IR, fasting glucose, fasting insulin, serum TNF-a, and TNF-« folding
change, when compared to healthy controls, thus implying a strong
association between these factors and the presence of acne patients

(p = 0.001). Specific regions of the TNF-a gene polymorphism, —863
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TABLE 1 Clinical and laboratory characteristics for acne patients and healthy controls.

Variables Acne patients (N = 87) Healthy controls (N = 73) p-Value
Age (mean + SD) 26.88+24 27.55+4.1 0.530
Male (N/%) 35 (40.2%) 34 (46.5%) 0.420
Female (N/%) 52(59.8%) 39(53.5%) 0.541
Acne vulgaris severity

® Mild 36 (41.3%) NA NA

® Moderate 27 (31%) NA NA

® Severe 24 (27.7%) NA NA
Fasting glucose (mmoL/L) (mean + SD) 924+ 1.9 787 +2.1 0.001
Fasting insulin (mlu/ L) (mean + SD) 20+24 13+3.1 0.001
IR (HOMA-IR) (mean + SD) 65+5.9 41+28 0.001
TNF-o (pg/mL) (mean + SD) 11.8+24 6.8+23 0.001
TNF-a folding change (2724¢) (mean + SD) 2.9+0.7 1.09+0.2 0.001

Abbreviations: %: percentage, SD, standard deviation; HOMA-IR, homeostasis model assessment of insulin resistance. NA, not applied.; IR, insulin resistance;

N, number; TNF-a, tumor necrosis factor-alpha.

A) (B)

FIGURE 1 (A) Restriction enzyme analysis for —-863 G > A
(rs1800630) for TNF-a gene. Lanes 1,2,5,and 8 126 bp (C/C); lanes
3,4,6,7,and 9 126bp and 103bp (A/C); lane M, px 174 markers. (B)
Restriction enzyme analysis for —308 G > A (rs1800629) for TNF-a
gene. Lanes 1,3,4,5, and 8 195bp (A/A); lanes 2,6, and 7 195bp and
173bp (G/A); lane M, px 174 markers.

G > A (rs1800630), and —308 G > A (rs1800629) variants were sub-
jected to amplification via PCR technique, as visually represented in
the figures (Figure 1A,B).

5.2 | Alternation in the expression of serum TNF-«
and biochemical parameter in acne patients

The diagnostic accuracy of TNF-a gene expression in predicting dis-
ease was found to be excellent, with an area under the curve (AUC)
value of 0.812. The confidence interval (Cls) for this prediction ranged
from 74% to 87%, indicating a high level of certainty. Additionally, p-
value associated with this prediction was 0.001, further supporting
the significance of the findings. This diagnostic accuracy was achieved
using a cutoff value of 1.3 for TNF-a gene expression. The sensitivity of
this prediction was 88.5%, meaning that the test was able to correctly
identify the presence of disease in 88.5% of cases. Furthermore, the
specificity of the test was 63%, indicating its ability to correctly identify
the absence of disease in 63% of cases.

In contrast, the diagnostic accuracy of serum TNF-« in predicting

disease was deemed good, with an AUC value of 0.785 p-value asso-
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FIGURE 2 ROC curve analysis for TNF-a gene expression and
biochemical parameters.

ciated with this prediction was also 0.001, suggesting its statistical
significance. The cutoff value for serum TNF-a was determined to be
9.5 pg/mL. The sensitivity of this prediction was 64.4%, indicating that
the test was able to correctly identify the presence of disease in 64.4%
of cases. Additionally, the specificity of the test was 86.3%, signifying
its ability to correctly identify the absence of disease in 86.3% of cases.

Moreover, it is important to note that the AUC for IR was found to
be 0.668, with p-value of 0.001. These results suggested a moderate
level of diagnostic accuracy for IR prediction. Figure 2 provides a visual
representation of the data and further emphasizes the findings dis-
cussed above.

Overall, these findings highlighted the potential utility of TNF-a
gene expression and serum TNF-a as diagnostic markers for disease

prediction, as well as the relevance of IR in this context.
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TABLE 2 Association of genetic variants in TNF-a gene in acne patients and healthy controls.

A) SNP Model Acne patients N (%) Healthy controls N (%) OR (95% Cl) p-Value
—863G > A(rs1800630)
P(HWE) 0.332* 0.002*b
Co-dominant
42 (48.3%) 16 (21.9%) 1
A/A 34 (39.1%) 26 (35.6%) 0.5(0.23-1.08) 0.001*
A/G 11(12.6%) 31(42.5%) 0.14 (0.06-0.33)
G/G
Dominant
42 (48.3% 16 (21.9%)
A/A 45(51.7%) 57(78.1%) 1 5e-04*
G/A-G/G Recessive 0.3(0.15-0.60)
76(87.4%) 42 (57.5%)
A/A-G/A 11(12.6%) 31(42.5%) 1 0.001*
G/G 0.20(0.09-0.43)
—308 G > A (rs1800629)
P(HWE) 0.0095*P 0.0042*P 1
Co-dominant 26(29.9%) 46 (63%) 3.4(1.5-7.4) 1e-04*
A/A 31(35.6%) 16 (21.9%) 4.8(2.08-11.02)
A/G 30(34.5%) 11(15.1%)
G/G
26(29.9%) 46 (63%)
A/A Dominant 61(70.1%) 27 (37%) 0.001*
G/A-G/G 4(2.03-7.7)
57 (65.5%) 62 (84.9%)
A/A-G/A Recessive 30(34.5%) 11(15.1%) 1 0.004**
G/G 2.9(1.3-6.4)
B) Allele frequency Acne patients N (%) Healthy controls N (%) p-Value
~863G > A (rs1800630)
56 (32%) 88 (60%) 0.001*
G 118 (68%) 58 (40%) 0.004**
A
—308G > A (rs1800629) 91(52%) 38 (26%) 0.001*
G 83(48%) 108 (74%) 0.003**

A

Abbreviations: Cl, confidence interval; HWE, Hardy-Weinberg equilibrium; OR, odds ratio; rs, reference sequence.; SNP, single nucleotide polymorphism.

*Highly significant differences, p < 0.01.
**Mild significant differences p < 0.05.

5.3 | Genotypic and allelic frequencies for genetic
variants in TNF-« gene

Hardy-Weinberg assumptions were met by two SNPs p > 0.05;
Table 2A to find differences between acne patients and healthy
controls, genotype and allele frequencies were computed and com-
pared. The co-dominant model for —863 G > A (rs1800630) and
—308 G > A (rs1800629) Different versions showed significant differ-

ences across the two groups (p = 0.001, and p = 1e-04, respectively)
(Table 2A).

To verify the connections of the two 863 G > A (rs1800630)
and 308 G > A (rs1800629) variants with acne patients, domi-
nant and recessive modeling for the uncommon allele were created
and ORs and 95% Cls were generated. Table 2A,B show the geno-
types and observed allele frequencies for acne sufferers and healthy

controls.
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TABLE 3 Comparison of biochemical parameters and TNF-a gene expression with —308 G > A (rs1800629) and —863 G > A (rs1800630)

genotypes in acne patients.

(A)

—308 G > A (rs1800629) variant A/A(N=26)
IR (HOMA-IR) (mean + SD) 64 + 3.8
TNF-a (pg/mL) (mean + SD) 14 + 2.51
TNF-a folding change (2724<t) (mean + SD) 3+08

(B)

—863 G > A (rs1800630) variant A/ A (N = 26)
IR (HOMA-IR) (mean + SD) 80.3+6.5
TNF-a (pg/mL) (mean + SD) 143+3.1
TNF-a folding change (2-22<t) (mean + SD) 43+0.6

A/G(N=31) G/G (N =30) p-Value
62 +59 74 + 4.1 0.742
10.8 + 3.5 87 +22 0.005"
33+09 1.7+ 08 0.265
A/G (N = 30) G/G(N=231) p-Value
68.4+3.2 48.4+2.9 0.002**
10.1+2.9 10.2+25 0.005**
25+0.8 2+05 0.001*

Abbreviations: %: percentage, SD, standard deviation; HOMA-IR, homeostasis model assessment of insulin resistance. NA, not applied.; IR, insulin resistance;

N, number; TNF-a, tumor necrosis factor-alpha.
*Highly significant differences, p < 0.01.
**Mild significant differences p < 0.05.

The assumptions of the Hardy-Weinberg equilibrium were sat-
isfied by two variants with a significance level greater than 0.05,
as shown in Table 2A. To identify discrepancies between acne
patients and healthy controls, the frequencies of genotypes and alle-
les were calculated and compared. Notably, there were significant
variations in genotype observed in the co-dominant model for the
—-863 G > A (rs1800630) and —308 G > A (rs1800629) variants
between the two groups, with respective p-values of 0.001 and 1e-04
(Table 2A).

To further study the relationships of the two variations, 863 G > A
and 308 G > A, with acne sufferers, recessive and dominant mod-
els for the rare allele were created. This was done to examine
the differences and provide odds ratios (ORs) and 95% confidence
intervals (Cls) to confirm the associations. Table 2A,B show the geno-
types and estimated allele frequencies for acne sufferers and healthy
controls.

5.4 | Compare the alternation in biochemical
parameters and TNF-« gene expression with two
variants of TNF gene

For —308 G > A (rs1800629) variants A/A, there is an association
with elevated levels of serum TNF-«, with p-value of 0.005. Con-
versely, there is no significant variation observed in IR resistance
and TNF-a folding change when considering —308 G > A geno-
types as shown in Table 3A. However, in —863 G > A (rs1800630)
A/A genotypes, it is noteworthy that higher levels of IR and TNF-a
folding change were observed compared to A/G and G/G geno-
types. In addition, these A/A genotypes exhibited a higher concen-
tration of serum TNF-a in comparison, with statistically significant
p-values of 0.002, 0.001, and 0.005 respectively, as demonstrated in
Table 3B.

5.5 | Compare the alternation in biochemical
parameters with two variants of TNF-« genotypes in
different clinical variants

The analysis of biochemical parameters and the examination of dif-
ferent clinical types of acne patients revealed that there exists a
significant disparity between the levels of serum TNF-a, IR, and TNF-«
folding change among patients with severe acne in comparison to those
affected by mild and moderate acne patients (p-values of 0.00, 0.001,
and 0.005, respectively, as indicated in Table 4.

Severe acne patients who had the A/A genotype for —308 variants
exhibited higher levels of IR, serum TNF-a, and TNF-« folding change,
with p-values of 0.005,0.001, and 0.001, respectively. The same results
were observed in patients with the A/A genotype for —863 variant, with
p-values of 0.003, 0.005, and 0.005, respectively (Table 5A). However,
no significant variations were observed with mild and moderate acne
patients when compared to different genotypes of —308 and —863
variants, as indicated by all the biochemical parameters presented in
Table 5B,C.

5.6 | Correlation between serum TNF-a, TNF-«
expression, and IR in severe acne patients

A remarkably strong and noteworthy positive correlation, that was
found to be highly significant, emerged when examining the relation-
ship between the change in TNF-a folding and the presence of IR.
This correlation, denoted by the correlation coefficient (r) value of
0.598 and the p-value of 0.001, was established through a simple linear
regression analysis (Figure 3).

Furthermore, we think it is important note that serum or TNF
expression has correlation with IR. A correlation coefficient (r) value

of 0.678 and p-value of 0.001 were obtained, signifying a strong and
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TABLE 4 Comparison of biochemical parameters and variable clinical types of acne patients.

Parameters

IR (HOMA-IR) (mean + SD)

TNF-a (pg/mL) (mean + SD)

TNF-a folding change (2-22<t) (mean + SD)

Severe acne (N = 24)
82 + 34
14.6 + 2.3
39 +05

Moderate acne (N = 27)

58 + 4.6
112 + 1.9
28 + 0.8

Mild acne (N = 36) p-Value
55+ 3.9 0.001*
89 +22 0.001*
1.9 + 0.6 0.005**

Abbreviations: %: percentage, SD, standard deviation; HOMA-IR, homeostasis model assessment of insulin resistance. NA, not applied.; IR, insulin resistance;

N, number; TNF-a, tumor necrosis factor-alpha.

*Highly significant differences, p < 0.01.
**Mild significant differences p < 0.05.

TABLE 5 Comparison of biochemical parameters with different genotypes of two TNF-a variants according to clinical types of acne patients.

A. Severe acne patients

—308 G > A (rs1800629) Variant

IR (HOMA-IR) (mean + SD)

TNF-a (pg/mL) (mean + SD)

TNF-a folding change (222<t) (mean + SD)
—863 G > A(rs1800630) variant

IR (HOMA-IR) (mean + SD)

TNF-a (pg/mL) (mean + SD)

TNF-a folding change (222<t) (mean + SD)
B. Moderate acne patients

—308 G > A (rs1800629) Variant

IR (HOMA-IR) (mean + SD)

TNF-a (pg/mL) (mean + SD)

TNF-a folding change (2724<t) (mean + SD)
—863 G > A(rs1800630) variant

IR (HOMA-IR) (mean + SD)

TNF-a (pg/mL) (mean + SD)

TNF-a folding change (222<t) (mean + SD)
C. Mild acne patients

—308 G > A (rs1800629) Variant

IR (HOMA-IR) (mean + SD)

TNF-a (pg/mL) (mean + SD)

TNF-a folding change (2724<t) (mean + SD)
—863 G > A(rs1800630) variant

IR (HOMA-IR) (mean + SD)

TNF-a (pg/mL) (mean + SD)

TNF-a folding change (2724<t) (mean + SD)

A/A(N=6)
80 + 3.7
133 + 1.7
43 + 04
A/AN=12)
73 + 2.6
143 + 2.1
3.2 +0.32

A/AN=7)
57 + 4.6
9.8 + 1.9
28 +08
A/A(N=10)
52 +5.9
12 + 2.2
32 +05

A/A(N=13)
80 + 3.8
15 + 3.6
27 £ 09
A/A(N=20)
72 + 3.2
14 + 1.9
28 + 09

A/G(N=9)
66 + 3.9
53 +24
23+ 06
A/G(N=8)
60 + 3.2
89 +34
17 + 042

A/G(N=9)
63 + 6.4

133 + 21
3.6 +07

A/G(N=12)
82+ 22
11 + 33
27 +0.7

A/G(N=13)
56 + 2.8
il 2 2.7/
3.2 +0.87
A/G (N=14)
46 + 2.7
14 + 28
41+ 06

G/G(N=9) p-Value
64 + 4.2 0.005**
75+ 23 0.001*
12+ 03 0.001*
G/G(N=4) p-Value
55+ 17 0.003**
7.9 +28 0.005**
1.6 + 0.8 0.005**
G/G(N=11) p-Value
75 + 84 0.587
104 + 1.6 0.320
104 + 0.7 0.103
G/G(N=5) p-Value
58 + 3.1 0.167
) 4 29 0.532
1.3 + 0.6 0.354
G/G (N =10) p-Value
41+ 47 0.449
14 + 41 0.998
3.9 +0.77 0.144
G/G(N=2) p-Value
31+39 0.345
16 + 2.7 0.921
29 + 061 0.444

Abbreviations: %: percentage, SD, standard deviation; HOMA-IR, homeostasis model assessment of insulin resistance. NA, not applied.; IR, insulin resistance;

N, number; TNF-a, tumor necrosis factor-alpha.

*Highly significant differences, p < 0.01.
**Mild significant differences p < 0.05.

statistically significant correlation (Figure 4). Further reinforces this
finding, demonstrating the consistency of the relationship between
these variables. Thus, it can be concluded that both the change in TNF-
a folding and serum TNF-a levels are positively correlated with the

presence of IR, as indicated by the robust statistical analysis and visual

representations.

6 | DISCUSSION

The etiopathogenesis of acne is multifactorial. Cutibacterium acnes

colonization, inflammation, and estrogen-dependent sebogenesis are

the four main components implicated in the pathophysiology of acne.

10

The genotypes of glutathione S-transferases (GSTs) and TP53 play
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a role in protecting against oxidative stress and may influence AV
progression.!! Also, patients diagnosed with TCAC and CAGG had a
higher prevalence than healthy patients with TAAC and CCAC. The
linkage disequilibrium between rs433235 A > G and IVS5.59 C > A
has been identified. Furthermore, there seems to be a strong linkage
disequilibrium between rs3747531 C > G and rs433235 A > G.12

Pro-inflammatory cytokines like TNF-a are key factors in these
events. The TNF-a gene’s SNPs have been linked to a higher risk of
developing chronic inflammatory disorders.'3

High IL-12 levels can cause chronic inflammation and aggravate
IR.2* Also, TNF-a first recognized to be involved in the pathogenesis of
IR and glucose-related abnormalities. IR’s role in the pathophysiology
of acne is yet to be clear, though elevated blood sugar levels stimulate
insulin synthesis and secretion, which in turn stimulate the produc-
tion of androgens by the adrenal glands and ovaries.!® Additionally,

it has the ability to decrease the blood level of sex hormone-binding

globulin (SHBG), which can significantly increase androgen activity and
promote the development of AV.1¢

This study was conducted to investigate the significance of two
genetic variants in the promoter region of the TNF-«a gene and their
association with IR in acne patients to understand how these variants
contribute to AV and its associated IR.

This study showed that IR, serum TNF-a, and TNF-a folding changes
were associated with AV, especially severe grades of acne. IR is
the inability of insulin to provide glucose transport into the tissue
despite normal or elevated levels of insulin; as a consequence, there is
hyperglycemia and hyperinsulinemia.'®

As we see in our study, patients with AV had higher fasting glucose
and fasting glucose levels. In accordance with our study, a consider-
able link has been observed by Nagpal et al.2’, between the HOMA-IR
value and the onset of AV. However there has not been any evidence of
a statistically significant relationship between the severity of AV, the
metabolic syndrome, and the HOMA-IR value;*® also, a noteworthy
association between the HOMA-IR and the acne score was observed
in the Del Prete et al., study, which involved male acne patients.'® Kar-
tal et al., have reported that IR is an independent risk factor for acne
apart from hyperandrogenemia.l? A considerably higher HOMA value
(HOMA = 2.87) was reported to Emiroglu et al., for both male and
female acne patients; the value indicated that the IR had already begun
to develop.2°

Nevertheless, some research has found no link between the onset
of AV and IR. Balta et al., have reported no statistically significant
variations in the serum concentrations of fasting insulin, fasting blood
glucose, and HOMA-IR value between the control group and patients
with post-adolescent acne.?! The different results here may be due to
the low glycemic index optimum diet that was started for both the acne
patients and healthy controls at least two weeks before the HOMA-IR
test, and the sample was only on post-adolescent acne.

No correlation has been shown by Cetinzman et al., between
hyperandrogenism, or IR, and severe acne. The difference in the results
in this study may be due to the small sample size, which was about 26
acne patients and 21 healthy controls, and they were all females with
post-adolescent severe acne.??

The purpose of this study is to investigate the significance of the
—863 G > A (rs1800630) and —308 G > A (rs1800629), variants in the
modulation of TNF-a gene expression in AV patients. We found that
there was a significant variation of the —863 G > A (rs1800630) and
—308 G > A(rs1800629) variants in co-dominant, dominant, and reces-
sive models between AV patients and healthy controls, with the A/A
genotype being more prevalent in AV patients than healthy controls.
Also, we found that the allelic frequency of A is higher in AV patients
with =863 G > A (rs1800630) polymorphism, while the G allele is more
prevalent in AV patients with —308 G > A (rs1800629) polymorphism.

The A/A genotype of —863 G > A (rs1800630) variant is associ-
ated with a significant increase in serum TNF-¢, and the A/A genotype
of =308 G > A (rs1800629) variant is associated with a significant
increase in IR, serum TNF-a, and TNF-«a folding change, and they are
elevated in severe AV patients but not in mild or moderate AV patients.

In agreement with our study, research done by Li et al. showed that
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TNF-a —308 G > A genotype AA may play a role in the etiology of AV.
Therefore, identifying the TNF-a —308 G > A polymorphism could be a
useful biomarker for AV patient’s early identification.23

Szabo et al. found an increase in the minor —308 A allele, especially
in female AV sufferers, with increased minor A allele frequencies in AV
patients with more severe cases of inflammatory AV.13 On the other
hand, no connection has been shown between any alleles of —1031
T>C,—863C>A and —238 G > A polymorphisms and AV. Also, a study
done by Baz et al.,on a Turkish population composed of 113 AV patients
and 114 healthy controls. When comparing AV patients to healthy
controls, they discovered that the prevalence of the TNFA —308 GA
genotype was statistically considerably higher in AV patients. This was
similar to our study, but in reverse, there was no correlation between
the severity of AV patients and TNFA genotypes, and this may be due to
different ethnic groups of AV patients. They also explained this by con-
sidering the possibility that other variables, such as the environment
and other genetic components, might impact AV severity more easily.2*

In the research performed by Al-Shobaili et al. significant differ-
ences in the frequency of genotypic variations of the TNF-a poly-
morphism were detected between AV patients and healthy controls
in Saudi Arabia. The frequency of TNF-a —308 GG and AA homozy-
gosity genotypes was much greater in AV sufferers than in healthy
controls, and these findings are consistent with ours. In compari-
son to their respective healthy controls and female cases, male cases
displayed higher frequencies of the high-production allele genotypes
TNF-a —308 AA and GA, while female cases displayed more homozy-
gosity for the low-production genotype GG. This could lead them to
hypothesize that TNF-a has a modulatory rather than a stimulatory
role in the pathophysiology of AV. Among cases with different genders,
it may also be associated with other interactive characteristics, most
likely hormonal in nature, but this speculation cannot be confirmed
because of the small sample size, especially the male patients.2>

Three SNPs (—376, —308, and —238) of the TNF gene were exam-
ined in a study by Grech et al., in a white population with light skin.
According to the study, male patients with the GAG haplotype had
an earlier onset of AV than those with the GGG haplotype, which
was linked to an increased risk of AV at a later age.2® Also, in agree-
ment with our results, there was a correlation found between the
AA genotypes of —308 and —238 with a higher likelihood of acquir-
ing AV patients in Pakistani with considerably greater frequency of
the mutant A allele at positions —308 and —238 in comparison to
the healthy controls. Additionally, a correlation was seen between the
genotypes of variants —308 and —238 with the severity of AV.2”

Conversely, Sobjanek et al. found no correlation between Polish AV
patients and the TNF- a gene promoter polymorphisms at positions
—238 and —308 which may be a result of different ethnic groups from
our patients.28

Analysis was done on 441 Pakistani AV patients (287 females and
154 males) and 303 healthy controls (111 females and 192 males) for
the polymorphism at —863 C/A location. The examination of —863 G/A
genotypes and allele frequency distribution revealed that this polymor-
phism was associated with AV in males based on the dominant model

of association penetrance and in females based on the general model.*

The comparison of serum TNF-« in acne patients with varying degrees
of acne severity and acne types has suggested that studied TNF-a poly-
morphisms are not associated with acne severity and acne type. This
is in contrast with our results; the reason for these dissimilarities is
not clear but might reflect differences in the linkage groups that are
associated with the TNF-a —863 SNP in the two-studied populations.2?

7 | CONCLUSION

IR, TNF-a, and TNF-« folding change are associated with AV especially
severe grades of acne. The —863 G > A (rs1800630) and —308 G > A
(rs1800629) variants polymorphism might have a modulatory effect
on the TNF-a gene expression and in consequence, serum TNF-« levels
which have a prominent role in the pathogenesis of AV and has associ-
ation with IR in acne patients. But further studies should be carried out
with more sample size and same and different ethnic groups to confirm

these effects.

ACKNOWLEDGMENTS
The author would like to thank the Deanship of Scientific Research at
Shagra University for supporting this work. There are no sponsors or

funds for the research; the author supported it.

CONFLICT OF INTEREST STATEMENT

The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

ORCID

Saleh Salem Bahaj " https://orcid.org/0000-0001-6582-907X

REFERENCES

1. Sutaria AH, Masood S, Saleh HM, Schlessinger J. Acne vulgaris. 2023
Aug 17. In: StatPearls [Internet]. StatPearls Publishing; 2023.

2. Singh M, Shri D. Insulin resistance in moderate to severe acne vul-
garis. Indian J Dermatol. 2022;67(2):205. https://doi.org/10.4103/ijd.
ijd_396_21

3. Gruszczynska M, Sadowska-Przytocka A, Szybiak W, Wieckowska B,
Lacka K. Insulin resistance in patients with acne vulgaris. Biomedicines.
2023;11(8):2294. https://doi.org/10.3390/biomedicines11082294

4. YounisS,Shamim S, Nisar K, et al. Association of TNF-a polymorphisms
(-857,-863 and -1031), TNF-a serum level and lipid profile with acne
vulgaris. Saudi J Biol Sci. 2021;28(11):6615-6620. https://doi.org/10.
1016/j.5jbs.2021.07.042

5. Tan J, Wolfe B, Weiss J, et al. Acne severity grading: determining
essential clinical components and features using a Delphi consensus.
J Am Acad Dermatol. 2012;67(2):187-193. https://doi.org/10.1016/j.
jaad.2011.09.005

6. Veloso S, Olona M, Garcia F, et al. Effect of TNF-alpha genetic variants
and CCRS5 Delta 32 on the vulnerability to HIV-1 infection and dis-
ease progression in Caucasian Spaniards. BMC Med Genet. 2010;11:63.
https://doi.org/10.1186/1471-2350-11-63

7. Banday MZ, Balkhi HM, Hamid Z, Sameer AS, Chowdri NA, Haq E.
Tumor necrosis factor-a (TNF-a)-308G/A promoter polymorphism in


https://orcid.org/0000-0001-6582-907X
https://orcid.org/0000-0001-6582-907X
https://doi.org/10.4103/ijd.ijd_396_21
https://doi.org/10.4103/ijd.ijd_396_21
https://doi.org/10.3390/biomedicines11082294
https://doi.org/10.1016/j.sjbs.2021.07.042
https://doi.org/10.1016/j.sjbs.2021.07.042
https://doi.org/10.1016/j.jaad.2011.09.005
https://doi.org/10.1016/j.jaad.2011.09.005
https://doi.org/10.1186/1471-2350-11-63

100f 10 Wl LEY

10.
11.
12.
13.
14.
15.

16.
17.
18.
19.

20.

ABDELNEAM ET AL.

colorectal cancer in ethnic Kashmiri population—a case control study
in a detailed perspective. Meta Gene. 2016;9:128-136. https://doi.org/
10.1016/j.mgene.2016.06.001

. Buha I, Skodri¢-Trifunovi¢ V, Adzi¢-Vukicevi¢ T, et al. Relevance of

TNF-q, IL-6 and IRAK1 gene expression for assessing disease sever-
ity and therapy effects in tuberculosis patients. J Infect Dev Ctries.
2019;13(5):419-425. https://doi.org/10.3855/jidc. 10949

. Livak KJ, Schmittgen TD. Analysis of relative gene expression data

using real-time quantitative PCR and the 2— AACT method. methods.
2001;25(4):402-408.

Kurokawa 1, Danby FW, Ju Q, et al. New developments in our
understanding of acne pathogenesis and treatment. Exp Der-
matol. 2009;18(10):821-832. https://doi.org/10.1111/j.1600-
0625.2009.00890.x

Ullah R, Afgan S, Akhtar M, et al. Absence of GSTT1 and polymor-
phisms in GSTP1 and TP53 are associated with the incidence of acne
vulgaris. Skin Res Technol. 2023;29:e13333. https://doi.org/10.1111/
srt.13333

AbdEIneam Al, Al-Dhubaibi MS, Bahaj SS, Mohammed GF. Role of
macrophage scavenger receptor 1 in the progression of dyslipidemia
in acne vulgaris patients. Skin Res Technol. 2023;29(8):e13424. https://
doi.org/10.1111/srt.13424

Szabo K, Tax G, Teodorescu-Brinzeu D, Koreck A, Kemény L. TNFa
gene polymorphisms in the pathogenesis of acne vulgaris. Arch Der-
matol Res. 2011;303(1):19-27. https://doi.org/10.1007/s00403-010-
1050-7

AbdEIneam Al, Al-Dhubaibi MS, Bahaj SS, Mohammed GF, Alantry AK,
Atef LM. Effect of interleukin-12 gene expression on insulin resistance
in patients with acne vulgaris. Skin Res Technol. 2023;29(11):e13503.
https://doi.org/10.1111/srt.13503

Akash MSH, Rehman K, Liagat A. Tumor necrosis factor-alpha: role
in development of insulin resistance and pathogenesis of type 2 dia-
betes mellitus. J Cell Biochem. 2018;119(1):105-110. https://doi.org/
10.1002/jch.26174

Lakshmi C. Hormone therapy in acne. Indian J Dermatol Venereol Leprol.
2013;79(3):322-337. https://doi.org/10.4103/0378-6323.110765
Nagpal M, De D, Handa S, Pal A, Sachdeva N. Insulin resistance
and metabolic syndrome in young men with acne. JAMA Der-
matol. 2016;152(4):399-404. https://doi.org/10.1001/jamadermatol.
2015.4499

Del Prete M, Mauriello MC, Faggiano A, et al. Insulin resistance
and acne: a new risk factor for men? Endocrine. 2012;42(3):555-560.
https://doi.org/10.1007/s12020-012-9647-6

Kartal D, Yildiz H, Ertas R, Borlu M, Utas S. Association between iso-
lated female acne and insulin resistance: a prospective study. G Ital
Dermatol Venereol. 2016;151(4):353-357.

Emiroglu N, Cengiz FP, KemerizF. Insulin resistance in severe acne vul-
garis. Postepy Dermatol Alergol. 2015;32(4):281-285. https://doi.org/
10.5114/pdia.2015.53047

21.

22.

23.

24.

25.

26.

27.

28.

29.

Balta I, Ekiz O, Ozuguz P, et al. Insulin resistance in patients with post-
adolescent acne. Int J Dermatol. 2015;54(6):662-666. https://doi.org/
10.1111/ijd.12426

Cetindzman F, Aksoy DY, El¢in G, Yildiz BO. Insulin sensitivity, andro-
gens and isotretinoin therapy in women with severe acne. J Dermatolog
Treat. 2014;25(2):119-122. https://doi.org/10.3109/09546634.2012.
751482

Li L, Wu 'Y, Li L, et al. The tumour necrosis factor-a 308G>A genetic
polymorphism may contribute to the pathogenesis of acne: a meta-
analysis. Clin Exp Dermatol. 2015;40(6):682-687. https://doi.org/10.
1111/ced.12660

Baz K, Emin Erdal M, Yazici AC, et al. Association between tumor
necrosis factor-alpha gene promoter polymorphism at position -308
and acne in Turkish patients. Arch Dermatol Res. 2008;300(7):371-376.
https://doi.org/10.1007/s00403-008-0871-0

Al-Shobaili HA, Salem TA, Alzolibani AA, Robaee AA, Settin AA.
Tumor necrosis factor-a -308 G/A and interleukin 10 -1082 A/G
gene polymorphisms in patients with acne vulgaris. J Dermatol
Sci.  2012;68(1):52-55. https://doi.org/10.1016/j.jdermsci.2012.07
.001

Grech |, Giatrakos S, Damoraki G, Kaldrimidis P, Rigopoulos D,
Giamarellos-Bourboulis EJ. Impact of TNF haplotypes in the physical
course of acne vulgaris. Dermatology. 2014;228(2):152-157. https:/
doi.org/10.1159/000356388

Aisha NM, Haroon J, Hussain S, et al. Association between tumour
necrosis-a gene polymorphisms and AV in a Pakistani population.
Clin Exp Dermatol. 2016;41(3):297-301. https://doi.org/10.1111/ced.
12757

Sobjanek M, Zablotna M, Nedoszytko B, Sokotowska-Wojdylo M,
Wihodarkiewicz A. Lack of association between the promoter poly-
morphisms at positions -238 and -308 of the tumour necrosis
factor alpha gene and AVin Polish patients. J Eur Acad Dermatol
Venereol. 2009;23(3):331-332. https://doi.org/10.1111/j.1468-3083.
2008.02858.x

Ferguson LR, Huebner C, Petermann |, et al. Single nucleotide polymor-
phism in the tumor necrosis factor-alpha gene affects inflammatory
bowel diseases risk. World J Gastroenterol. 2008;14(29):4652-4661.
https://doi.org/10.3748/wijg.14.4652

How to cite this article: AbdEIneam Al, Alhajlah S,
Al-Dhubaibi MS, et al. In severe acne vulgaris, TNF-a gene
variants are connected to increased TNF-a gene expression
and insulin resistance. Skin Res Technol. 2024;e13811.
https://doi.org/10.1111/srt.13811


https://doi.org/10.1016/j.mgene.2016.06.001
https://doi.org/10.1016/j.mgene.2016.06.001
https://doi.org/10.3855/jidc.10949
https://doi.org/10.1111/j.1600-0625.2009.00890.x
https://doi.org/10.1111/j.1600-0625.2009.00890.x
https://doi.org/10.1111/srt.13333
https://doi.org/10.1111/srt.13333
https://doi.org/10.1111/srt.13424
https://doi.org/10.1111/srt.13424
https://doi.org/10.1007/s00403-010-1050-7
https://doi.org/10.1007/s00403-010-1050-7
https://doi.org/10.1111/srt.13503
https://doi.org/10.1002/jcb.26174
https://doi.org/10.1002/jcb.26174
https://doi.org/10.4103/0378-6323.110765
https://doi.org/10.1001/jamadermatol.2015.4499
https://doi.org/10.1001/jamadermatol.2015.4499
https://doi.org/10.1007/s12020-012-9647-6
https://doi.org/10.5114/pdia.2015.53047
https://doi.org/10.5114/pdia.2015.53047
https://doi.org/10.1111/ijd.12426
https://doi.org/10.1111/ijd.12426
https://doi.org/10.3109/09546634.2012.751482
https://doi.org/10.3109/09546634.2012.751482
https://doi.org/10.1111/ced.12660
https://doi.org/10.1111/ced.12660
https://doi.org/10.1007/s00403-008-0871-0
https://doi.org/10.1016/j.jdermsci.2012.07.001
https://doi.org/10.1016/j.jdermsci.2012.07.001
https://doi.org/10.1159/000356388
https://doi.org/10.1159/000356388
https://doi.org/10.1111/ced.12757
https://doi.org/10.1111/ced.12757
https://doi.org/10.1111/j.1468-3083.2008.02858.x
https://doi.org/10.1111/j.1468-3083.2008.02858.x
https://doi.org/10.3748/wjg.14.4652
https://doi.org/10.1111/srt.13811

	In severe acne vulgaris, TNF- gene variants are connected to increased TNF- gene expression and insulin resistance
	Abstract
	1 | INTRODUCTION
	2 | SUBJECTS AND METHODS
	2.1 | Subjects

	3 | DNA EXTRACTION AND GENOTYPE ANALYSIS
	3.1 | DNA extraction and purification
	3.2 | Genotypes analysis of −863 G > A variants (rs1800630)
	3.3 | Genotypes analysis of −308 G > A (rs1800629)

	4 | RNA EXTRACTION GENE EXPRESSION
	4.1 | RNA extraction and purification
	4.2 | cDNA synthesis
	4.3 | Quantitative real-time PCR
	4.4 | Biochemical analysis
	4.5 | tatistical analysis

	5 | RESULTS
	5.1 | General clinical information for acne patients and healthy controls
	5.2 | Alternation in the expression of serum TNF- and biochemical parameter in acne patients
	5.3 | Genotypic and allelic frequencies for genetic variants in TNF- gene
	5.4 | Compare the alternation in biochemical parameters and TNF- gene expression with two variants of TNF gene
	5.5 | Compare the alternation in biochemical parameters with two variants of TNF- genotypes in different clinical variants
	5.6 | Correlation between serum TNF-, TNF- expression, and IR in severe acne patients

	6 | DISCUSSION
	7 | CONCLUSION
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ORCID
	REFERENCES


