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Summary

Background: Acne vulgaris is an inflammatory disorder with a profound heteroge-
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nous aetio-pathophysiology. ACE gene I/D polymorphism affects angiotensin-con-
verting enzyme activities that play a role in inflammation. However, there are no
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molecular genetic studies investigating the contribution of ACE gene insertion/dele-
tion polymorphism in the genetic background of acne vulgaris.

Aims: The aim of this work was to reveal the relation between the ACE gene I/D poly-
Correspondence

Amany |. Mustafa, Faculty of Medicine,
Department of Dermatology, Venereology
and Andrology, Benha University, Benha,
Egypt.

Email: amanyibrahim26@yahoo.com

morphism and acne vulgaris development among a sample of patients.

Patients and Methods: This study included 100 acne vulgaris patients in addition to
120 matched control subjects. The ACE gene I/D polymorphism was analyzed using
polymerase chain reaction (PCR).

Results: The distribution of DD, ID genotypes, and D allele showed higher frequency
in AV patients than in controls (P < 0.001 for all). Moreover, positive family history
and ACEI/D gene polymorphism (DD + ID genotypes) were considered as independ-
ent predictors for severe acne grades (P < 0.001 and 0.046, respectively) in multivari-
ate analysis.

Conclusions: The current study results suggest that the D allele of the ACE I/D gene
polymorphism might confer risk to AV among the studied patients. Moreover, ACE
1/D gene polymorphism and positive family history were considered as independent

predictors of severe AV.
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1 | INTRODUCTION

implicated in the pathophysiology of acne, it is known that oxidative
stress is one of the main factors.*
Acne vulgaris (AV) is a pilosebaceous unit disease associated with Angiotensin-converting enzyme (ACE) gene located on chro-

sebum overproduction, hyperkeratinization of sebaceous follicles, P. mosome 17q23 contains an insertion (I) and deletion (D) polymor-

acnes colonization, and inflammation.! It is mediated by polygenic
inheritance or attributed to the interaction between various genes
with the environmental factors.>® Although different factors are

This research was conducted in: Dermatology and Medical Biochemistry Departments,
Faculty of Medicine, Benha University, Egypt.

phism within intron 16. Of the three possible genotypes (DD and
Il homozygotes and ID heterozygotes), DD genotype carriers have
higher serum levels of ACE, than those with the Il genotype.>® ACE
converts angiotensin | to angiotensin Il that could act as a proinflam-

matory modulator.” Moreover, it is a potent activator of the enzyme
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nicotinamide adenine dinucleotide phosphate oxidase (NADPH ox-
idase) which augments reactive oxygen species (ROS) production,
resulting in an oxidative stress state.®

The association between ACE gene I/D polymorphism and dif-
ferent skin disorders had been previously investigated®? but it was
not investigated in AV. So, we tried to reveal the hypothesized link
between ACE gene I/D polymorphism, and AV risk among a sample

of patients.

2 | MATERIALS AND METHODS

2.1 | Study population

This case-control study included 100 AV patients and 120 age- and
sex-matched control subjects. The diagnosis of AV was based on
the patient's history and the typical clinical features. Patients were
graded according to Global Acne Grading System (GAGS)® into
three groups as follows: mild, moderate, and severe.

Patients with other inflammatory diseases as inflammatory
bowel disease, chronic active hepatitis, chronic peptic ulcer, or
chronic periodontitis; patients suffering from autoimmune diseases
as rheumatoid arthritis, systemic lupus erythematosus, thyroid dis-
ease, or psoriasis; patients with hypertension or diabetes mellitus;
and female patients with menstrual irregularities or history of poly-
cystic ovaries syndrome were excluded from the current study.

Full history taking, general and skin clinical examination, was
performed in all patients. Control subjects were recruited during a
routine health examination. Peripheral blood samples were collected
under full sterile conditions.

This work was approved by the ethical committee on research
including human subjects of Benha Faculty of Medicine, and all par-

ticipants gave informed consents prior to enrollment in the study.

2.2 | DNA extraction and genotyping

Three milliliters venous blood samples was collected from all subjects
in EDTA containing tubes. Genomic DNA was extracted by Gene
JET® Whole Blood Genomic DNA Purification Mini Kit (Thermo
Scientific, Germany), according to the manufacturer's instruc-
tions. PCR was carried out using the |-Star™Taq DNA polymerase
enzyme (iNtRON Biotechnology, Korea) and a primer pair: forward
primer 5-CTGGAGACCACTCCCATCCTTTCT-3' and reverse primer

FIGURE 1 A 2% agarose gel
electrophoresis shows ACE insertion/
deletion polymorphism. Lane 1 shows
insertion/insertion genotype. Lanes
2,3,4,7,9, 10 show deletion/deletion
genotype. Lanes 5, 6, 8 show insertion/
deletion genotype. L is the DNA ladder
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5-GATGTGGCCATCAATTCGTCAGAT-3' (Metabion International
AG, Germany) on Veriti thermal cycler (Applied Biosystems). The fol-
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lowing PCR conditions were carried out: an initial DNA denaturation
at 94°C for two minutes then by 35 cycles of denaturation at 94°C
for 20 seconds, annealing at 58°C for 30 seconds and extension at
72°C for 1 minute in addition to final extension at 72°C for 3 min-
utes. The resultant PCR products (490 bp for insertion and 190 bp
for deletion) were separated by 2% agarose gel electrophoresis
stained with ethidium bromide to be viewed under ultraviolet illu-

mination (Figure 1).

2.3 | Statistical analysis

The collected data were statistically analyzed using SPSS version 16
software (SPSS Inc, Chicago, IL). Categorical data were presented
as number and percentages. Chi-square test (X2) or Fisher's exact
test (FET) was used to analyze them. Quantitative data were tested
for normality using Kolmogorov-Smirnov test, assuming normality at
P >0.05.

Normally distributed data were presented as mean + SD using
Student's “t” test or ANOVA test to analyze two or more indepen-
dent groups, respectively. While nonparametric variables were pre-
sented as median and range and analyzed by Kruskal-Wallis test
(KW) for difference among three independent means. Univariate
and multivariate logistic regression analysis was used to detect
the significant predictors of severe AV. The accepted level of sig-
nificance in this work was stated at 0.05 (P < 0.05 was considered
significant). Genotype distributions in the studied groups were in
Hardy-Weinberg equilibrium for gene polymorphisms (data not
shown). Hardy-Weinberg equilibrium was estimated according to

OEGE—Online Encyclopedia for Genetic Epidemiology studies.**

3 | RESULTS

Studied participants were matched regarding age (19.4 + 3.7 and
20.1 + 4.8 years, respectively, P = 0.231) and sex (62 [62%] females,
38 [38%] males in patients group, vs 68 [56.7%] female and 52
[43.3%] male in control group, P = 0.423; Table 1).

Disease onset was gradual in 74% and the course was progres-

sive in 62% of our studied cases. The reported risk factors among

studied patients included sun exposure (68%), family history (60%),
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high-glycemic diet (66%), psychological stress (52%), and smoking
(7%). The face was affected in all (100%) of our patients, and post-
acne scars were present in 38%. Regarding the severity of the dis-
ease, the disease was mild in 46%, moderate in 32%, and severe in
22% of studied patients.

The genotypes distribution concerning the ACE 1/D polymor-
phism among control subjects was in Hardy-Weinberg equilibrium
as expected (P value >0.05).Taking Il genotype and | allele as a ref-
erence gene, the frequencies of DD and (DD + ID) genotypes and
the D allele were higher in patients group (60%, 91%, and 75.5%,
respectively) than in control group (25%, 67.5%, and 46.3%) with a
statistically significant differences (P < 0.001 each).Individuals with
DD genotype were about 3.7-fold more likely to have acne than pa-
tients with Il genotype. Also, those with ID genotype were 1.7-fold
to have acne than Il genotypes. Individuals with D allele were 3.5-
fold to have acne than those with | allele (% Cl = 2.3-5.3; Table 2).

The relation between genotypes frequency and different clinical
parameters is shown in Table 3. No significant relation was found
neither between DD genotypes frequency nor ACE gene I/D total
polymorphism and most of the clinical parameters among studied
patients. However, the DD genotype and ACE |/D gene polymor-
phism (DD + ID) showed high distribution frequency among patients
with severe acne grades (P =0.001 and 0.023, respectively) and
positive FH (P = 0.031 and 0.041, respectively) when compared to

Il genotypes frequency.

TABLE 1 Comparison between patients and control groups
regarding demographic data

Control AV patients
N =120 N =100 P
Age (y) Mean = SD 20.1 4.7 19.4 3.7 0.231*
min-max 13 32 14 32
Males N, % 52 43.3 38 38 0.423**
Females N, % 68 56.7 62 62
*t test.
**Chi-square.
Control AV patients
N =120 N =100
N % N % P OR
1l 39 33 9 9 1
1D 51 43 31 31 0.022
DD 30 25 60 60 <0.001
ACE gene 81 67.5 91 91 <0.001
polymorphism
(ID + DD)
| 129 53.8 49 24.5 1
D 111 46.3 151 75.5 <0.001
HW 0.112 0.105

1.780
3.735
2.612

3.581

Logistic regression analysis was conducted for prediction of se-
vere acne grades among studied patients using age, gender, smoking,
family history, high-glycemic diet, psychological stress, sun expo-
sure, duration of acne, and ACEI/D gene polymorphism (DD + ID
genotypes) as risk factors. Positive FH, diet, and ACEI/D gene poly-
morphism were associated with severe acne grades in univariate
analysis (P =0.001, 0.009, and 0.001, respectively). Taking these
significant variables into multivariable analysis revealed that positive
family history and ACEI/D gene polymorphism were considered as
independent predictors of severe acne grades (P < 0.001 and 0.046,
respectively; Table 4).

4 | DISCUSSION
A complex interaction of environmental in addition to genetic fac-
torsis involved in AV etiopathogenesis.15 Previously, genetic investi-
gations were based on testing hypotheses of the possible implication
of specific mutations in candidate genes. However, now there are
widely available procedures for assessment of the genes and loci due
to the advance in genotyping methods allowing genome-wide asso-
ciation studies.®

Regarding the relation between ACE gene I/D polymorphism
and AV susceptibility, our study results showed that the distribution
frequencies of DD genotype and ACE 1I/D polymorphism (DD + ID)
were significantly higher among studied patients than control sub-
jects (P < 0.001 and <0.001, respectively). Also in our study, the |
allele showed significantly higher frequency in the control group
than D allele (P < 0.001) indicating that the DD genotype and D
allele are associated with AV risk and suggest a protective role of
the Il genotype. This could be explained as DD genotype carriers
have high serum levels of ACE, this favor more production of angio-
tensin Il that augments and perpetuates inflammation and immune
response.” Angiotensin Il increases both the generation of ROS and
inflammatory cytokines production such as IL-6* and plays an es-
sential role in circulatory homeostasis and inflammation.*® ACE has

been identified in human skin cells like fibroblasts, endothelial cells,

TABLE 2 Comparison between
patients and control groups regarding ACE
1/D genotypes and alleles frequency

95% ClI
(reference)
1.086 2.918
2.289 6.097
1.664 4.101
(reference)
2.376 5.397

Abbreviations: Cl, confidence interval; HW, Hardy-Weinberg equilibrium; OR, odds ratio.
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TABLE 3 Comparison of genotypes frequency and ACE |/D gene polymorphism regarding studied variables and risk factors in AV

patients
1 1D
Variable N=9 N =31
Age Mean + SD 20.3+5.2 20.5+49
Sex
Males N, % 3 33.3 12 38.7
Females N, % 6 66.7 19 61.3
Duration Median, range 2 0.3-15 2 0.4-16
Presence of N, % 2 22.2 14 45.2
acne Scars
Grading
Mild N, % 8 88.9 20 64.5
Moderate N, % 1 11.1 6 19.4
Severe N, % 0 0 5 16.1
Smoking N, % 2 22.2 6 19.4
Family History N, % 3 33.3 15 48.4
Diet N, % 6 66.7 22 71.0
Psychological N, % 5 55.6 18 58.1
Stress
Sun exposure N, % 5 55.6 18 58.1

Bold indicates significant P values.

Total polymor-

DD phism

N =60 (ID+DD)N=91 P1 P2
18.7+2.5 19.3+3.5 0.067*****  0.431*
23 38.3 35 38.5 0.955** 0.762**
37 61.7 56 61.5

& 0.2-14 3 0.2-16  0.711**** 0.516***
22 36.7 36 39.6 0.307** 0.476**
18 30 38 41.8 0.001** 0.023**
25 41.7 31 341

17 28.3 22 24.2

6 10 12 13.2 0.292** 0.609**
42 70 57 62.6 0.031** 0.041**
38 63.3 60 65.9 0.811** 0.965**
29 48.3 47 51.6 0.691** 0.823**
35 58.3 53 58.2 0.988** 0.876**

P1, comparison among Il, ID, and DD genotypes; P2, comparison between total polymorphism (ID + DD genotypes) vs Il genotype.

*t test.

**Fisher's exact test.
***Mann-Whitney.
****Kruskal-Wallis.
R ANOVA.

TABLE 4 Logistic regression analysis for prediction of acne severity within all studied patients

Univariable Multivariable
P OR 95% Cl P OR 95% Cl
Age® 0.214 0.961 0.904 1.023
Sex 0.421 0.828 0.524 1.311
Smoking 0.240 1.477 0.770 2.831
FH <0.001 3.582 2.155 5.954 <0.001 3.139 1.831 5.380
Diet 0.009 1.913 1.176 3.114 0.268 1.357 0.791 2.330
Psychological stress 0.286 0.784 0.501 1.227
Sun exposure 0.167 0.728 0.464 1.142
Duration? 0.294 1.035 0.970 1.105
ACE gene polymorphism <0.001 2.612 1.664 4,101 0.046 3.483 1.024 11.845

(ID + DD genotypes)

Abbreviations: Cl, confidence interval; OR, odds ratio.
aCutoff values of age and duration were determined using ROC curve.

and keratinocytes‘”'21 Moreover, it inactivates bradykinin which
promotes vasodilation by stimulated synthesis of nitric oxide (NO)
that enhances vascular permeability and proinflammatory cytokine
production?? and has been suggested to play a role in the pathogen-
esis of AV.”

This suggests that the DD genotype and the D allele of the ACE
1/D gene are associated with increased susceptibility for acne devel-
opment and was as the same as the condition in various inflamma-
tory disorders where this polymorphism was investigated, including

Behcet's disease, vitiligo, and psoriasis.m'13
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Our results revealed no significant relation between DD
genotype and ACE I/D gene polymorphism (DD + ID) vs Il geno-
type and most of the studied clinical parameters and risk factors
among studied patients. However, the DD genotype and ACE I/D
gene polymorphism (DD + ID) showed higher distribution fre-
quency among patients with severe acne lesions (P = 0.001 and
0.023, respectively) and among those with positive family history
(P =0.031 and 0.041, respectively) when compared to Il genotype
carriers.

Although, our results suggest that ACE I/D gene polymorphism
might contribute to the genetic susceptibility of AV and could play an
integral role in the disease pathogenesis. It was demonstrated that
up-regulation of ACE participates in adverse fibrous remodeling.
This has been considered a fact in the cardiovascular field and may
be implicated in cutaneous scar formation.?? However, studying the
association of ACE I/D gene polymorphism with postacne scarring in
our work did not reveal any significant association.

4.1 | Limitations

To our knowledge, this is the first study to investigate the associa-
tion between the ACE gene I/D polymorphism and AV risk. However,
some limitations should be taken into consideration; first, all studied
patients were Egyptians and this does not permit extrapolation of
our results to other ethnic groups. Second, a small number of pa-
tients were included in our study due to the high cost of genotypes
analytical molecular studies. Third, the current finding might involve
gene-environment interactions which were not explored in our

study.

5 | CONCLUSIONS

Our study results suggest that the D allele of ACE I/D gene might
confer susceptibility to AV. Moreover, ACE I/D gene polymorphism
and positive family history were considered as independent predic-
tors of more severe acne grades. However, due to the small sample
size, future studies including larger samples and being multicentric
are needed to validate the role of this association among different
populations. Such studies might lead to a more comprehensive un-
derstanding of the hypothesized association between the ACE I/D
gene polymorphism and AV risk.

ACKNOWLEDGMENTS

We are extremely grateful to all volunteers who took part in this
study and the research team who collected the data.

ORCID

Amany |. Mustafa https://orcid.org/0000-0003-3877-5787

REFERENCES

1. Keyal U, Bhatta AK, Wang XL. Photodynamic therapy for the
treatment of different severity of acne: a systematic review.
Photodiagnosis Photodyn Ther. 2016;14:191-199.

2. Lichtenberger R, Simpson MA, Smith C, Barker J, Navarini AA.
Genetic architecture of acne vulgaris. J Eur Acad Dermatol Venereol.
2017;31:1978-1990.

3. Zouboulis CC, Jourdan E, Picardo M. Acne is an inflammatory dis-
ease and alterations of sebum composition initiate acne lesions. J
Eur Acad Dermatol Venereol. 2014;28(5):527-532.

4. Vora J, Srivastava A, Modi H. Antibacterial and antioxidant strat-
egies for acne treatment through plant extracts. Informatics Med
Unlocked. 2018;13:128-132.

5. Sarici G, Cinar S, Armutcu F, et al. Oxidative stress in acne vulgaris.
J Eur Acad Dermatol Venereol. 2010;24:763-767.

6. Rigat B, Hubert C, Alhenc-Gelas F, Cambien F, Corvol P, Soubrier F.
An insertion/deletion polymorphism in the Angiotensin I-convert-
ing enzyme gene accounting for half the variance of serum enzyme
levels. J Clin Invest. 1990;86:1343-1346.

7. Rashed L, Abdel Hai R, Mahmood R, et al. Association of angio-
tensin - converting enzyme (ACE) gene polymorphism with in-
flammation and cellular cytotoxicity in vitiligo patients. PLoS ONE.
2015;10(7):e013915.

8. Nguyen Dinh Cat A, Montezano AC, Burger D, Touyz RM.
Angiotensin Il, NADPH oxidase, and redox signaling in the vascula-
ture. Antioxid Redox Signal. 2013;19(10):1110-1120.

9. Yigit'S, Tural S, Riistemoglu A, et al. DD genotype of ACE gene I/D
polymorphism is associated with Behcet disease in a Turkish popu-
lation. Mol Biol Rep. 2013;40(1):365-368.

10. Tippisetty S, Ishag M, Komaravalli PL, et al. Angiotensin converting
enzyme gene polymorphismin in vitiligo: protective and predispos-
ing effects of genotypes in disease susceptibility and progression.
Eur J Dermatol. 2011;21:173-177.

11. Liu T, HanY, Lu L. Angiotensin-converting enzyme gene polymor-
phisms and the risk of psoriasis: a meta-analysis. Clin Exp Dermatol.
2013;38:352-359.

12. Elneam A, Al-Dhubaibi MS, Alrheam A. Angiotensin-converting en-
zyme (ACE) D Allele as a risk factor for increase serum interleukin-6
and interleukin-8 in psoriasis Patients. Open Access Maced J Med Sci.
2018;6(5):772-776.

13. Doshi A, Zaheer A, Stiller MJ. A comparison of current acne
grading systems and proposal of a novel system. Int J Dermatol.
1997;36:416-418.

14. Rodriguez S, Gaunt TR, Day IN. Hardy-Weinberg Equilibrium test-
ing of biological Ascertainment for Mendelian randomization stud-
ies. Am J Epidemiol. 2009;169(4):505-514.

15. Gollnick H. Current concepts of the pathogenesis of acne: implica-
tions for drug treatment. Drugs. 2003;63:1579-1596.

16. Ragab M, Hassan EM, Elneily D, Fathallah N. Association of inter-
leukin-6 gene promoter polymorphism with acne vulgaris and its
severity. Clin Exp Dermatol. 2019:1-6. [Epub ahead of print]. https://
doi.org/10.1111/ced.13864

17. Weger W, Hofer A, Wolf P, et al. The angiotensin-converting en-
zyme insertion/deletion and the endothelin -134 3A/4A gene poly-
morphisms in patients with chronic plaque psoriasis. Exp Dermatol.
2007;16:993-998.

18. Nickoloff BJ, Nestle FO. Recent insights into the immunopatho-
genesis of psoriasis provide new therapeutic opportunities. J Clin
Invest. 2004;113:1664-1675.

19. Petrov V, Fagard R, Lijnen P. Effect of protease inhibitors on angio-
tensin -converting enzyme activity in human T lymphocytes. Am J
Hypertens. 2000;13:535-539.


https://orcid.org/0000-0003-3877-5787
https://orcid.org/0000-0003-3877-5787
https://doi.org/10.1111/ced.13864
https://doi.org/10.1111/ced.13864

SOROUR ET AL.

20. Noveral JP, Mueller SN, Levine EM. Release of angiotensin I-
converting enzyme by endothelial cells in vitro. J Cell Physiol.
1987;131:1-5.

21. Ryder KW, Epinette WW, Jay SJ, Ransburg RC, Glick MR. Serum
angiotensin-converting enzyme activity in patients with psoriasis.
Clin Chim Acta. 1985;153:143-146.

22. Morihara K, Takai S, Takenaka H, et al. Cutaneous tissue angioten-
sin converting enzyme may participate in pathologic scar formation
in human skin. J Am Acad Dermatol. 2006;54(2):251-257.

Journal of
Cosmetic Dermatology

99
42 WILEY-—”

How to cite this article: Sorour NE, Mustafa Al, Alhusseni NF,
Fawzy E, Amer AG. Angiotensin-converting enzyme gene
insertion/deletion polymorphism and family history in severe
acne vulgaris. J Cosmet Dermatol. 2019;18:1992-1997. https://
doi.org/10.1111/jocd.12937



https://doi.org/10.1111/jocd.12937
https://doi.org/10.1111/jocd.12937

