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Levels of IL-12, IL-17, and LL-37 in Acne Vulgaris
Akne Vulgaris’te IL-12, IL-17 ve LL-37 Düzeyleri
Sinta MURLİSTYARİNİ1 , Yasmina KUMALA2 , Yuli MEGASASİ2 , Evawani RAHADİNİ2

Abstract
Introduction: Acne vulgaris (AV) is a chronic inflammatory disease of the pilosebaceous unit with a multifactorial
pathogenesis, which includes colonization of Propionibacterium acnes (P. acnes). Increased P. acnes colonization causes a
Toll-like receptor (TLR)-2-dependent increase in the production of interleukin (IL)-12 and cathelicidin (LL-37), and
a Th-17-dependent increase in interleukin (IL)-17. This study aimed to investigate the relationship between IL-12,
IL-17, and LL-37 from patient’s serum and various severities of AV.
Materaials and Methods: This study was an analytic observational cross-sectional study. Subjects were enrolled using
the consecutive sampling method and assigned according to the Global Acne Grading System (GAGS) criteria. Statistical
analysis was performed with one-way analysis of variance and Kruskal-Wallis tests.
Results: Mean levels of IL-12, IL-17, and LL-37 in the serum in mild AV were 50.65±6.38, 119.07±24.61, and
180.26±112.92 IU/mL, respectively. The mean levels of IL-12, IL-17, and LL-37 in moderate AV were 47.82±6.51,
132.52±19.41, and 165.91±82.08 IU/mL, respectively. The mean levels of IL-12, IL-17, and LL-37 in severe AV were
48.78±4.93, 208.34±35.38, and 259.50±130.88 IU/mL, respectively. In very severe AV IL-12, IL-17, and LL-37 levels
were 39.63, 251.29, and 113 IU/mL, respectively. There were no significant differences between the serum levels of IL12 (p=0.157) and LL-37 (p=0.434) in the different severities of AV, whereas there was a significant association between
the serum levels of IL-17 and the severity of AV (p<0.001).
Conclusion: IL-17 is associated with severity of acne vulgaris, while no-association was found between the severity of
the disease and IL-12 or LL-37.
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Öz
Giriş: Akne vulgaris, Propionibacterium acnes’i (P. acnes) de içeren bir grup bakterinin pilosebase üniteyi infekte etmesi
ile oluşan kronik yangı ile oluşmaktadır. Artan P. acnes kolonizasyonu toll benzeri reseptör (‘toll-like receptör; TLR)2’ye bağlı interlökin (Il)-12, katelisidin (LL-37) ve Th-17-ye bağlı Il-17 üretimini artırır. Bu çalışmada, değişik şiddette
AV’i olan hastaların serumundaki Il-12, Il-17 ve LL-37 düzeylerinin ölçülmesi amaçlanmıştır.
Gereçler ve Yöntemler: Çalışma çapraz-kesit irdeleyici bir gözlem çalışmasıdır. Olgular, Global Akne Derecelendirme
Sistemi ölçütlerine göre örneklenmiş ardışık hastalardır. İstatistiksel test olarak tek yönlü varyans ile irdelenmiş Kruskal
Wallis testi kullanılmıştır.
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Bulgular: Hafif şiddetteki AV olan hastalardaki serum Il-12, Il-17 ve LL-37 düzeyleri sırası ile 50.65±6.38,
119.07±24.61, and 180.26±112.92 IU/mL olarak saptandı. Orta şiddette AV’si olan hastalarda ortalama Il-12, Il-17
ve LL-37 seviyeleri sırası ile 47.82±6.51, 132.52±19.41 ve 165.91±82.08 IU/mL iken, bu değerler, ağır AV’si olan
olgularda 48.78±4.93, 208.34±35.38, 259.50±130.88 IU/mL ve çok ağır AV’li hastalarda ise 39.63, 251.29 ve 113 IU/
mL idi. Serum Il-12 (p=157) ve LL-37 (p=0.434) seviyeleri açısından gruplar arasında istatistiksel açıdan anlamlı bir
fark yok iken, Il-17 seviyleri bakımından aradaki fark istatistiksel açıdan anlamlı (p<0.001) bulundu.
Sonuç: Farklı şiddette AV olan hastalarda, serum Il-12 ve LL-37 hastalık şiddeti ile ilişkili değil iken Il-17 düzeyleri
hastalık şiddeti ile ilişkili olarak bulunmuştur.
Anahtar Kelimeler: Akne vulgaris, Global akne derecelendirme ölçütü, Il-12, Il-17, LL-37

Introduction
Acne vulgaris (AV) is an inflammatory condition of the pilosebaceous unit. AV predilection
is in skin areas with the densest population of sebaceous follicles, in face (99% of cases),
upper chest (15%), and back (60%).[1,2] AV is a commonly found in teenagers, affecting
nearly 85%, although prevalence decreases with age. Although not clearly understood,
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many researchers agree that AV pathogenesis is caused by
four related factors, including increased sebum production,
keratinocyte hyperproliferation in the pilosebaceous duct,
inflammation, and activity of Propionibacterium acnes
(P. acnes).[3,4] The clinical appearance of AV varies,
consisting of non-inflamed and inflamed lesions. There
are various methods to assess the degree of severity of AV,
including the Global Acne Grading System (GAGS), which
divides AV into mild, moderate, severe, and very severe
clinical forms.[5] The P. acnes bacteria can activate the
immune response by stimulating keratinocytes to initiate
cytokine-driven pro-inflammation.[4]
P. acnes colonization can also activate Toll-like receptor-2
(TLR-2) in monocytes, leading to interleukin (IL)-12
and IL-8 production.[6] Observation of the infiltration
of immune cells, especially CD4+ cells, in perifollicular
lesions of early AV showed that T-helper cells may be
involved in the immune response caused by intra-follicular
colonization of P. acnes. A recent report showed that
P. acnes could induce secretion of IL-17 by T cells,
indicating that AV could be a disease mediated by Th17 cells.[7] A recent study indicated that P. acnes caused to
release various proteases through the activation of proteaseactivated receptor-2 (PAR-2) in keratinocytes, which
could then increase transcription of pro-inflammatory
cytokines, including IL-1α, IL-8, and tumor necrosis
factor (TNF)-α, as well as matrix metalloproteinase
(MMP) and cathelicidin (LL-37).[6]
To date, the knowledge regarding the cytokine profile of
AV lesion is very limited. Although recent studies have
provided baseline information on the issue, their role on
severity of AV at various degrees is yet to be explored. Here
we studied serum levels of IL-12, IL-17, and LL-37 in AV
patients in association with the severity of the disease.

Materials and Methods
There were 68 subjects in total. Thirtyeight patients had
mild disease whereas 24 and 5 cases had moderate and
severe AV. One patient had very severe disease. There were
32 male 36 female patients between 11 and 30 years of
age. Body mass index of the patients varied between 15.76
and 25.71. There was no statistical significance in terms
of age, BMI, gender and menstruation influence between
mild, moderate, severe and very severe groups. Table
1 describes the baseline characteristics of the patients
according to GAGS. This was an analytic observational
cross-sectional study. The serum samples were collected
from patients’ peripheral blood. The degree of severity was
determined using the GAGS The grading of the lesions
was done by two physicians.
Inclusion criteria were the following; being registered in
the Medical Cosmetic Division of Dermatovenerology
Outpatient Clinic, General Hospital Saiful Anwar Malang;
willing to participate to the study; and signed an informed
consent. Exclusion criteria included having topical
treatment for AV for past 2 weeks; pregnancy, lactation,
menstruating, using hormonal contraceptive, having
any systemic treatment or skin disorder (malignancy,
autoimmune, inflammation); having body mass index
(BMI) >24.9 kg/m2. Level of IL-12, IL-17 and LL-37 in
the patient’s blood serum were measured by the ELISA
method, with units of picogram/milliliter (pg/mL)
For statistical comparison, one-way ANOVA test was used
for data showing normal distribution, and Mann-Whitney
test was performed, using SPSS version 16.[8]

Table 1. Baseline characteristics comparison of samples based on the degree of severity of AV
Baseline characteristics

Acne vulgaris degrees (GAGS)

p

Mild

Moderate

Severe

Very Severe

Age (years) (mean ± Std. dev.)

22.4 ± 4.5

20.13 ± 4.4

19.4 ± 2.7

26.0

0.116

BMI (mean ± Std. dev.)

20.3 ± 2.2

20.1 ± 2.43

20.4 ± 3.3

25.46

0.187

Gender (n= 68, frequency)

0.154

Male

19

8

4

1

Female

19

16

1

0

No (n= 11)

6

5

0

0

Yes (n= 25)

13

11

1

0

Affected by menstruation (only for female patients)

0.797
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Table 2. Normality test of IL-12, IL-17, and LL-37 (one-sample Kolmogorov-Smirnov test)
IL-12 Levels
N
Meana,b
Std. Deviation
Most Extreme
Differences

Absolute

IL-17 Levels

LL-37 Levels

68

68

68

49.3493

132.3

180.0

6.5

35.8

104.8

0.087

0.154

0.276

Positive

0.087

0.154

0.276

Negative

-0.060

-0.139

-0.155

Kolmogorov-Smirnov Z

0.719

1.271

2.279

Asymp. Sig. (2-tailed)

0.680

0.079

<0.0001

Test distribution is normal.
Calculated from data.

a

b

Results

Discussion

Table 1 shows baseline characteristic comparison of
samples according to GAGS.

P. acnes has been expected initiating the inflammation
process of acne. However, there are no supporting
theories about its role in the inflammation pathway. This
bacterium produces bioactive substances and enzymes as
the chemo-attractant for non-specific immune system
in various pathways. Furthermore, there are several
pathways involved in the acne inflammation process such
as antimicrobial peptides inducing pro-inflammation
cytokines production.

Before comparison of IL-12, IL-17, and LL-37 levels based
on AV degree of severity, normality and homogeneity tests
of the data distribution was conducted. This assumption
test would decide whether a parametric or non-parametric
test was used.[8]
The normality test suggested that IL-12 and IL-17
exhibited a normal distribution (Table 2). Since LL37
values were not distributed normally(p<0.001), Kruskal
Wallis test was used to analyze LL37 levels.
Levene’s test was used for homogeneity of variances (Table
3). Comparison of IL-12, IL-17, and LL-37 according to
the various degrees of severity of AV is depicted in Table
4. The only statistical significance between each degree of
severity was found only for IL-17 level (p<0.001)

The role of IL-12 in AV pathogenesis is related to the
colonization of P. acnes.[9] P. acnes bacteria proliferate
at the pilosebaceous unit, inducing chemotactic factor
release, including IL-12, leading to development of an
inflamed lesion.[10,11] There are several theories explaining
this phenomenon, one of which is that the interaction
of P. acnes with TLR-2 triggereing innate and adaptive
immune response signaling.[12] When TLR-2 is activated,
nuclear translocation of the transcription factor (NF-κB),
promotes expression of genes involved in the immune

Table 3. Homogeneity test of various levels of IL-12, IL-17, and LL-37
Variable

Levene test

Significance value

Result

IL-12 levels

0.209

0.812

Homogeneous

IL-17 levels

1.799

0.174

Homogeneous

LL-37 levels

1.481

0.235

Heterogeneous

Table 4. Comparison of mean levels of IL-12, IL-17, and LL-37 in various degree of severity of AV
Variable

AV Degree of Severity (mean ± SD)
Mild

Moderate

Severe

Very Severe (n=1)

p

IL-12 levels

50.7 ± 6.4

47.8 ± 6.5

48.78 ± 4.9

39.63

0.157

IL-17 levels

119.1 ± 24.6

132.5 ± 19.4

208.34 ± 35.4

251.29

<0.001

LL-37 levels

180.3 ± 112.9

165.9 ± 82.1

259.50 ± 130.9

113.00

0.434
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response, such as gene modulating chemokines, cytokines,
and adhesion molecules.[13] Studies regarding bacteria
induced tissue inflammation in experimental animals
showed that macrophages released a two-fold greater
amount of IL-12 p40 with response P. acnes compared
with that of Staphylococcus epidermidis.[9]
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Patients who had various systemic and local treatments,
which may have affected serum IL-12 levels, were
excluded form the study. But since this study was based
on history taking, there could be a selection bias therefore
no significant differences in the different degrees of
AV severity was found possibly due to the considerable
number of confounding factors unknown in this study.

yet to be elucidated. A study conducted by Lee et al.,
demonstrated that LL-37 could kill skin microfloral
bacteria, such as Staphylococcus aureus or P. acnes, in vitro,
but this was only relevant when LL-37 increased with
simultaneous administration of with other antimicrobial
agents.[15] Based on that study, it was shown that there
were only two antimicrobial combinations, that is LL37 and psoriasin, which resulted in a synergistic effect
against P. acnes.[16] A study by Rahadini described a
statistically significant correlation between LL-37 levels
and the degree of severity of AV (r=0.256, p=0.027).[17]
Therefore, it could be concluded that there is a significant
relationship between LL-37 serum levels and the degree of
severity of AV.

In the present study, there was a difference in mean
serum IL-17 levels between the patient groups with
different severity of AV. Mean serum IL-17 levels further
increased in line with increasing AV severity. IL-17 plays
a role in the development of inflamed lesions, where P.
acnes is believed to be able to induce production of IL17 and IL-22 in the peripheral area, as well as the IL-17
receptors, IL-17RA and IL-17RC.[14] An immunogenic
protein of P. acnes released in the follicle would be
processed by Langerhans cells and presented to CD4+
cells. Cytokine secretion would cause differentiation of
naïve CD4+T cells to Th-17 cells, which then would
produce IL-17, resulting in the inflammation that is
one of the characteristics of AV.[7] Agak et al., stated that
P. acnes isolated from AV patients were able to
significantly (p<0.001) induce IL-17 secretion in human
peripheral blood mononuclear cells (PBMCs), with an
average value of 500-700 pg/mL.[7]

Cathelicidin or LL is one of the antimicrobial peptides
produced in human with size of 4.5 kDa as a results
of hCAP-18 activation by infection, trauma, and
inflammation.[18] LL-37 is found in tissues and in the
circulation. Circulating LL-37 is especially affected by the
expression of LL-37 by neutrophils, which are the main
producer of LL-37.[19] The mechanism of LL-37 induction
in tissues or in circulation has not yet been determined.
LL-37 levels showed low expression in the healthy skin but
could be induced during skin inflammation and local or
systemic infection, such as psoriasis vulgaris, rosacea, lupus
erythematosus, hidradenitis suppurative, or rheumatoid
arthritis.[20] Several other inflammatory conditions,
especially on epithelial surfaces and the mucosa, could
affect LL-37 expression, such as periodontitis, as well
as gastrointestinal, urogenital, and respiratory tract
infections.[21,22] LL-37 expression was maintained in a
balanced condition, to preserve homeostasis.

Furthermore, IL-17 plays a role in the proliferation and
differentiation of keratinocytes. Lai et al., showed that
after IL-17 bound the IL-17RA receptor in keratinocytes,
the keratinocytes were sensitized to express regenerating
islet-derived protein 3-alpha (REG3A).[15] The REG3A
protein provides feedback to keratinocytes to inhibit
termination of differentiation processes, and increases
cell proliferation through binding with exostosin-like 3
(EXTL3), followed by activation of phosphatidylinositol
3-kinase (PI3K). While in other studies, the roles of IL17 were determined via stress-activated protein kinase
(CIKS) signaling, therefore causing hyperproliferation
and disturbing keratinocyte differentiation.[15]

Furthermore, the upregulation of LL-37 in AV lesion
using P. acnes activated the alarmin leading to increase
of host immune cells and pro-inflammation mediator
secretion. As the result, the severity level of AV increases.
However, the activity of LL-37 has also been revealed as
anti-inflammatory as a modulator of its pro-inflammatory
activity.[22]

The mean serum LL-37 levels were not changed according
to severity of AV (p=0.43). The role of LL-37 in AV has

In this study, there was no significant association between
serum IL-12 and LL-37 levels and the degree of severity of
AV, but there was a significant association between serum
IL-17 levels and the degree of severity of AV, according
to GAGS classification. It can be suggested that a study
about the relation of IL-12, IL-17, and LL-37 relation in
AV severity level might be performed to investigate the
other cofounding factors.

56

Acknowledgements: Authors thank to Brawjiaya University and Saiful Anwar General Hospital
Malang for facilitated this research.

Ethics Committee Approval: This study has been approved by Ethical Committee Medicine Faculty,
Brawijaya University Malang No. 400/3/K.3/302/2016 -> for parameter IL-7, 400/111/K.3/302/2015
-> for parameter LL-37, 400/114/K.3/302/2015 -> for parameter IL-12
Informed Consent: Written informed consent was obtained from patients who participated in
this study.
Peer-review: Externally peer-reviewed.
Conflict of Interest: No conflict of interest was declared by the authors.
Author Contributions: Concept - SM; Design - SM; Supervision - SM; Resource - YK, YM,
ER; Materials - YK, YM, ER; Data Collection and/ or Processing - YK, YM, ER; Analysis and/or
Interpretation - SM; Literature Search - YK, YM, ER; Writing - SM, YK, YM, ER; Critical Reviews - SM

References
1. Layton AM. Disorders of the Sebaceous Glands, Chapter 43.
In: Burns T, Breathnach S, Cox N, Griffiths C, editors. Rook’s
Textbook of Dermatology, 8th ed. London: Wiley-Blackwell
Publishing; 2013. 4432 p.

2. Raza K, Talwar V, Setia A, Prakash Katare O. Acne: An
understanding of the disease and its impact on life. Int J Drug
Dev Res 2012;4:14–20.

3. Baumann L, Keri J. Acne (Type 1 Sensitive Skin), Chapter
15. In: Baumann L, Saghari S, Weisberg E, editors. Cosmetic
Dermatology: principles and practice, 2nd ed. New York:
McGraw-Hill; 2009. p.121–7.

4. Zaenglein AL, Graber EM, Thiboutot DM. Acne Vulgaris and
Acneiform Eruption. In: Goldsmith LA, Katz SI, Gilchrest BA,
Paller AS, Leffell DJ, Wolff K, editors. Fitzpatrick’s Dermatology
in General Medicine, 8th ed. New York: McGraw-Hill; 2012.
p.897–917.

5. Lehmann HP, Robinson KA, Andrew JS, Holloway V, Goodman
SN. Acne therapy: a methodological review. J Am Acad Dermatol
2002;47:231–40.
6. Tanghetti EA. The role of inflammation in the pathology of acne.
J Clin Aesthet Dermatol 2013;6:27–35.

7. Agak GW, Qin M, Nobe J, Kim MH, Krutzik SR, Tristan GR, et
al. Propionibacterium acnes induces an IL-17 Response to Acne
Vulgaris that Is Regulated by Vitamin A and Vitamin D. J Invest
Dermatol 2014;134:366–73. [CrossRef ]

8. Dahlan MS, editor. Uji Hipotesis komparatif variabel numerik
dua kelompok dalam statistik untuk kedokteran dan kesehatan,
5th ed. Jakarta: Salemba Medika; 2013.

9. Bialecka A, Mak M, Biedron R, Bobek M, Kasprowicz A,
Marcinkiewicz J. Different pro-inflammatory and immunogenic
potentials of Propionibacterium acnes and Staphylococcus
epidermidis: implications for chronic inflammatory acne. Arch
Immunol Ther Exp (Warsz) 2005;53:79–85.

Turk J Immunol 2018; 6(2):52–56

10. Contassot E, French LE. New insights into acne pathogenesis:
propionibacterium acnes activates the inflammasome. J Invest
Dermatol 2014;134:310–3. [CrossRef ]
11. Anwar AI, Massi MN, Patellongi IJ, Dewiyanti W. Levels of the
proinflammatory cytokines: Interleukin-8, interleukin-12, tumor
necrosis factor-α in severe acne at makassar. Int J Biol Med Res
2015;6:4718–21.

12. Bhate K, Williams HC. Epidemiology of acne vulgaris. Br J
Dermatol 2013;168:474–85. [CrossRef ]

13. Miller LS. Toll-like receptors in the skin. Adv Dermatol
2008;24:71–87.

14. Kelhala H-L, Palatsi R, Fyhrguist N, Lehtimaki S, Vayrynen
JP, Kallioinen M, Kubin ME, Greco D, Tasanen K, Alenius H,
Bertino B, Carlavan I, Mehul B, Deret S, Reiniche P, Martel P,
Marty C, Blume-Peytavi U, Voegel JJ, Lauerma A. IL-17/Th17
pathway is activated in acne lesions. PloS One 2014;9:e105238.
[CrossRef ]

15. Lai Y, Li D, Li C, Muehleisen B, Radek K, Park HJ, et al. The
antimicrobial protein REG3A regulates keratinocyte proliferation
and differentiation after skin injury. Immunity 2012;37:74–84.
[CrossRef ]

16. Lee DY, Yamasaki K, Rudsil J, Zouboulis CC, Park GT, Yang JM,
Gallo RL. Sebocytes express functional cathelicidin antimicrobial
peptides and can act to kill propionibacterium acnes. J Invest
Dermatol 2008;128:1863–6. [CrossRef ]

17. Rahadini E. Kadar Ll-37 Serum Pada Berbagai Derajat Keparahan
Akne Vulgaris di RSUD Dr. Saiful Anwar Malang. Brawijaya
University, 2016. [Thesis]

18. Ramos R, Domingues L, Gama FM. LL-37, a human antimicrobial
peptide with immunomodulatary properties. In: Mendez-Vilas,
editor. Science against microbial pathogens: communicating
current research and technological advances. FORMATEX 2011.
p. 915–25.
19. Goo J, Ji JH, Jeon H, Kim MJ, Jeon SY, Cho MY, et al. Expression
of antimicrobial peptides such as LL-37 and hBD-2 in nonlesional
skin of atopic individuals. Pediatr Dermatol 2010;27:341–8.
[CrossRef ]

20. Dainichi T, Hanakawa S, Kabashima K. Classification of
inflammatory skin diseases: a proposal based on the disorders of
the three-layered defense systems, barrier, innate immunity and
acquired immunity. J Dermatol Sci 2014;76:81-89. [CrossRef ]

21.Kahlenberg JM, Kaplan MJ. Little peptide, big effects: the role
of LL-37 in inflammation and autoimmune disease. J Immunol
2013;191:4895–901. [CrossRef ]

22. Harder J, Tsuruta D, Murakami M, Kurokawa I. What is the role
of antimicrobial peptides (AMP) in acne vulgaris? Exp Dermatol
2013;22:386–91. [CrossRef ]

