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Abstract

Background: Alopecia areata (AA) is an acquired cytotoxic T-cell immune-mediated hair loss dis-
order. The autoimmune attack triggers apoptosis with rapid progression of hair follicles (HFs)
from the anagen to catagen and telogen phases of the hair cycle. Survivin is an inhibitor of apop-
tosis protein responsible for cell cycle regulation and apoptosis inhibition. Its expression has
been determined in proliferating anagen HF cells, whereas its expression prominently decreases
during the catagen phase. Aim: This study aimed to evaluate serum survivin level in AA patients
and its relationship with AA severity and progression. Subjects and Methods: The study included
38 AA patients and 38 healthy controls. Alopecia areata severity was assessed by the severity of
the Alopecia Tool score. Serum survivin level was measured by enzyme-linked immune-sorbent
assay. Results: Serum Survivin level was significantly lower in AA patients than in controls (p=
0.009). Moreover, the level was significantly lower in patients with progressive disease than in
those with stable disease (p<0.001). A significant negative correlation was found between sur-
vivin serum level and AA severity (p < 0.001) and duration (p=0.003). Conclusion: Survivin serum
level was decreased in AA patients. Thus, survivin could have a potential role in AA immune path-
ogenesis and its serum level might be a predictor for AA severity and progression.
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Introduction

Alopecia areata (AA) is a commonly ac-
quired immune-mediated non-cicatricial
loss of hair. A cytotoxic T-cell autoimmune
attack against the anagen hair follicle (HF)
is implicated in its development(. This at-
tack triggers a rapid progression of HFs
from anagen into catagen and telogen
phases of the hair cycle. Less severely

affected follicles continue in anagen but de-
velop dystrophic hair shafts with increased
shaft fragility that ultimately proceeds to
telogen®. This HF regression is associated
with a series of signaling pathways that trig-
ger apoptosis in HF cells®). Survivin is one of
the inhibitors of apoptosis proteins that has
a pivotal function in mitosis regulation and
apoptosis inhibition#), Cytoplasmic survivin
creates a complex with the x-linked
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inhibitor of apoptosis proteins and the com-
plex binds to caspase-3 to repress its apop-
totic function. Nuclear survivin serves as a
transcription factor during phase G2/M of
mitosis, promoting cell growth®). Survivin
has been identified in proliferating anagen
HFs matrix cells and outer root sheath
keratinocytes, while its expression de-
creases during the HF regression in the cat-
agen phase(®). This study was designed to
evaluate the possible role of survivin, as an
antiapoptotic protein, in the pathogenesis
of AA.

Patients and Methods

The included patients were recruited from
the dermatology clinic of the Dermatology
Department. Written consents were signed
by subjects and approvals of the local ethics
committee were obtained. 38 patients with
different types of AA and 38 age and sex-
matched healthy volunteers were enrolled
in this case-controlled study. Alopecia
areata was considered acute if presenting
for less than 6 months and chronic if pre-
senting for more than 6 months. Subjects
aged <16 years at the time of onset were
considered to have juvenile onset AA and
those older than 16 years at the time of
disease onset were considered suffering of
mature onset AA. Males and females aged
between 16 and 60 years complaining of
different patterns and severity grades of AA
were included in the study. Those
complaining of autoimmune diseases,
associated skin inflammatory conditions,
and receiving immunosuppressive
medications were excluded from the study.
Any subject who received topical,
intralesional, or systemic treatments for AA
should have maintained 3 months wash-off
period prior to inclusion. Subjects suffering
from active acne, acne scars, melanoma, or
non-melanoma skin cancers (NMSC) were
similarly excluded from the study. All

patients were subjected to history taking,
general examination as well as assessment
of the extent and severity of their alopecia
patches using the Severity of Alopecia Tool
score (SALT score) which determines the
percentage of hair loss in the scalp®). Based
on the percentage of hair loss, AA was
graded into mild AA; with <25% area of the
scalp being involved, moderate AA; with
25% up to <50% area of the scalp being in-
volved and severe AA; with 50% to 100% area
of the scalp being involved (including Alo-
pecia totalis, Alopecia universalis, and
ophiasis). Next, the body was carefully
examined to detect any alopecia patches in
any hairy area, and a nail examination was
carried out to detect any nail involvement.
Finally, a trichoscopy was performed by a
trained dermatologist to confirm the diag-
nosis of alopecia areata. A 5 ml blood sam-
ple was collected from the peripheral veins
of each participant in this study and serum
survivin level was determined by Enzyme-
Linked Immune-Sorbent Assay (ELISA).

Statistical Analysis

SPSS v.25 was used for statistical analysis.
ANOVA testing of variance was used to
compare both groups. Chi-square (¥?) test,
T-test, and Pearson correlation analysis
were calculated and a P <0.05 was consid-
ered statistically significant.

Results

The study included 38 AA patients 25
(65.8%) females and 13 (34.2%) males; their
demographic criteria are shown in Table (1),
their ages ranged from 16 to 53 years with a
mean of 24.42 * 10.34 years, whereas that
of HCs ranged from 17 to 54 years, with a
mean of 26.76 * 10.75 years. Regarding AA
severity, 27 (71.1%) patients were S1 (mild al-
opecia), seven (23.7%) patients were S2
(moderate alopecia), and two (5.3%) pa-
tients were S3 (severe alopecia). Their
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clinical characteristics are shown in Table
(1). In the study group, serum survivin levels
ranged from 60.0 to 230.0 pg/ml, with a
mean of 105.76 * 29.07 pg/ml. In HC, the

level ranged from 55.0 to 400.0 pg/ml, and
the mean was 149.55+86.87 pg/ml (Table 2),
this difference between both groups was
statistically significant (p= 0.009) (Figure 1).

Table 1: Demographic data and clinical characteristics
of AA patients (n=38)

No. %
Sex
Male 13 34.2
Female 25 65.8
Age of patients (years)
Min. — Max. 16.0 — 53.0
Mean+ SD. 24.42 £10.34
Median 20.0
Age of disease onset (years)
Min. - Max. 0.25-16.0
Mean * SD. 1.36 £2.04
Median 2.0
Duration of the biopsied lesion (months)
Min. — Max. 0.25-36.0
Mean * SD. 6.12 + 9.07
Median 2.0
Disease course
Progressive 14 | 36.8
Stationary 24 63.2
Nail abnormality 2 5.3
Site of AA lesion
Scalp and body sites 4 10.5
Scalp only 34 | 89.5

Family history (AA, atopy, Autoimmune D.) 9 23.7

Previous AA attacks 4 10.5
Being atopic 10 26.3
Clinical pattern

Patchy 33 86.8
Single 19 | 50.0
Multiple 14 | 36.8
Ophiasis 5 13.2
Severity No. %
Mild (S1) (< 25%) 27 711
Moderate (S2) (25% - <50%) 9 23.7
Severe (S3) (50-74%) 2 5.3
SALT score

Min. — Max. 2.0 - 55.0
Mean # SD. 15.26 * 14.96
Median 8.0

Min: minimum; Max: maximum; SD: standard deviation; AA: alopecia
areatg; D: diseases; SALT: Severity of Alopecia Tool.
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The mean serum survivin level in patients
presenting with single patch AA was
120£31.45pg/ml, compared to 86.07 =+
13.33pg/ml in patients with multiple
patches AA and 107 £ 21.68pg/ml in pa-
tients with ophiasis. The difference be-
tween survivin levels among different pat-
terns of AA was statistically significant
(p<0.001). In addition, the level was signifi-
cantly lower in patients with progressive
disease (90.36 +16.58 pg/ml) than in those
with stable disease (114.8 £31.22 pg/ml) (p=
0.002). Furthermore, patients with severe

AA (S3) had a significantly lower serum sur-
vivin level (80 +7.07 pg/ml) compared to
moderate cases (S2) (83.33 *10.9pg/ml)
and mild cases (S1) (115.2 29.1pg/ml) (p=
0.001) (Table 3). A significant negative cor-
relation was found between serum sur-
vivin and AA severity (p< 0.001) (Fig. 2) and
duration (p= 0.003) (Fig. 3). However, no
association was established between se-
rum survivin levels and other clinical char-
acteristics (patients’ gender, age, age of
disease onset, positive family history, pre-
vious AA attacks, and atopy (Table 3).

Table 2: Survivin serum level among AA patients
compared with healthy controls
Serum survivin Controls AA patients U p
(pg/ml) (n=38) (n=38)
Min. - Max. | 55.0-400.0 | 60.0-230.0
Mean + SD. | 149.55 + 86.87 | 105.79 + 29.07 | 469.50" | 0.009"
Median 127.50 95.0

U: Mann Whitney test; significant at p < 0.05. AA: alopecia areata.
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Figure 1: Serum level of survivin among AA patients (n=38) compared with healthy controls
P-value is for Mann Whitney test. Serum level of survivin in AA patients (mean=105.79 + 29.07 pg/ml,
median= 95.0 pg/ml); and in controls (149.55 + 86.87 pg/ml, median=127.50 pg/ml).

*: Statistically significant at p< 0.05. AA: alopecia areata.
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Discussion

The pathogenesis of AA entails apoptotic
regression of anagen HFs triggered by cy-
totoxic T-cells(®. Survivin is an antiapop-
totic protein with significantly decreased
expression during the progression from
anagen to catagen phase of the hair cycle.
Survivin has a dual function that may be im-
plicated in the regulation of the precise

proliferation-apoptosis balance that con-
trols the HF cycle®). The role of survivin in
AA pathogenesis has been poorly investi-
gated. To date, this is the first work done
to assess serum survivin levels in AA pa-
tients, up to the best of our knowledge. In
this study, there were lower serum survivin
levels in AA patients than in HC. This low
level might have a role in triggering apop-
totic activity in HFs encountered in AA.
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Figure 2: Correlation between survivin serum level and SALT score of AA patients

r: Spearman coefficient. *: Statistically significant at p < 0.05. SALT: Severity of Alopecia Tool.
AA: alopecia areata.

Interestingly, Simonetti et al.( showed
that survivin immune positivity was faint in
HFs, keratinocytes, and endothelial cells of
AA lesions. After topical diphencyprone ap-
plication, this immune positivity was mark-
edly increased in the endothelial cells but
slightly decreased in the HFs. They sug-
gested that survivin might have a role in
maintaining the survival of endothelial cells
during the angiogenesis crucial for hair re-
growth in AA lesions. In contrast to these
results, Marie et al.() reported higher sur-
vivin gene expression in AA lesions com-
pared with non-lesional and control biop-
sies and postulated that survivin might
have a role in maintaining the survival of

auto-reactive T cells in AA lesions. The dis-
crepancy between these data may suggest
a dual function of survivin in AA pathogen-
esis. Survivin gene expression may have
been significantly elevated locally in AA le-
sions, and the resultant protein may have
been consumed in promoting the survival
of auto-reactive T cell infiltrates, leading to
a reduction in its serum level, which may
have triggered the apoptotic cascade in
anagen HFs, and their regression into cat-
agen then telogen phases. This postulation
was confirmed by the markedly increased
survivin expression in endothelial cells and
its decreased expression in HFs of AA le-
sions following DPCP treatment(®). Several
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studies investigated the role of survivin in
autoimmune and skin inflammatory dis-
eases. In agreement with this study,
Ebrahimian et al.(") found that survivin se-
rum level has been decreased in systemic
lupus erythematosus patients and postu-
lated that these low levels might have a

pivotal role in the acceleration of the apop-
totic cascade encountered in this disease.

In contrast to our results, Marie et al(™ re-
ported significantly higher survivin serum
levels in vitiligo patients compared with
HCs and stated that survivin helps maintain
the survival of auto-reactive T cells.

Table 3: Relation between survivin serum level and the different
characteristics of AA patients (n=38)
N Serum survivin (pg/ml) Testofsig| P
Min. - Max.| Mean £ SD. |Median
Gender
Male 24| 60-230 [106.3+32.81| 95.0 U=166.0 | 0.964
Female 14| 75-135 |105.0+22.36| 107.5
Age at AA onset (years)
Adolescent (<18) 13| 75.0 —135 [107.31+21.47| 120
Young adults (18-35) 21, 60-230 (106.4+34.65 95 H=0.544 | 0.762
Middle-aged adults (36-55) 4 | 85-130 |97.50 +21.79 | 87.50
Previous attacks
No 34| 60-135 [103.8+20.89| 97.5 U=64.50  0.873
Yes 4| 75-230 | 122.5+72.17 | 92.5
Clinical pattern
Single patch 19| 85-230 | 120£31.45 120
Multiple patches 14| 60-120 |86.07+13.33| 85 | H=15.290" |<0.001"
Ophiasis 5| 85-130 107 £ 21.68 100
Duration (months)
<10 32| 60-230 |109.06*30.5| 110 *
>10 6 85-100 |88.33+6.06| 85 U=49.0 | 0.003
Severity (SALT score)
Mild (S1) 22| 85-230 | 117.1+30.65 | 120
Moderate(S2) 9 60-95 83.33+10.90 85 H=11.457" | 0.001%*
Severe (S3) 7 75-130 | 99.29+22.25| 90
Family history
Negative 29| 60-230 105 + 32.15 90 _
Positive 9 90-130 |108.3+16.77| 110 U=9550 | 0.234
Course
Stationary 24| 75-230 | 114.8£31.22| 120 . *
Progressive 14| 60-120 |90.36+16.58| 85 U=67.50" | 0.002
Atopy
Negative 28| 60-230 106.6+32.43| 97.50
Positive 10| 85-135 | 103.5+17.65| 95.0 U=129.0 | 0.732

U: Mann Whitney test; H: Kruskal Wallis test. Significant at p < 0.05. AA: alopecia areata;

SALT: Severity of Alopecia Tool.
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Likewise, a number of psoriasiform condi-
tions [psoriasis(3), lichen simplex chroni-
cus, and thickened plaques(®] had been
linked to increased survivin expression.
Even though the exact function of survivin
in psoriasis remains not fully clear, it was
linked to increased keratinocyte survival as
well as increased angiogenesis(4. Serum
and tissue expression of survivin were
reported to be significantly high among
patients suffering from active acne and/or
acne scars. The authors postulated that
survivin  has a pivotal role in acne
development and scar formation through
stimulated angiogenesis as well as
prolonged sebocyte survival(®). The cur-
rent study demonstrated that survivin se-
rum level was significantly reduced in AA
patients with multiple patches than in pa-
tients suffering from ophiasis and/or sin-
gle-patch AA. Furthermore, the levels were

40

also significantly reduced in patients with a
progressive disease course than in those
with a stable disease course. There has
been a significant negative correlation be-
tween survivin serum levels and AA sever-
ity and duration. These findings are con-
sistent with the previously reported role of
survivin in the regulation of apoptosis im-
plicated in AA lesion development and
might propose survivin serum level as a
predictor of AA severity and progression.
On the contrary, El-Tahlawi et al.(® re-
vealed a positive correlation between the
severity of acne vulgaris and survivin se-
rum levels, and Marie et al.(® showed a sig-
nificant positive correlation between se-
rum level of survivin and vitiligo severity.
Limitations to the study included the lim-
ited number of patients participating in the
study, so larger sample size studies are en-
couraged.

Duration (months)

r,=-0.463"
p = 0.003*

50 100

150 200 250

Serum survivin (pg/l)

Figure 3: Correlation between survivin serum level and disease duration (months) in AA patients
r: Spearman coefficient. *: Statistically significant at p < 0.05. AA: alopecia areata.

Conclusion

Survivin serum level was decreased in AA
patients, and this decreased level was as-
sociated with AA severity and progression.

Thus, survivin could be of a potential role
in AA immunopathogenesis and its serum
level might be a predictor for AA severity
and progression. Further identification of
the molecular roles of survivin and the
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regulation of its expression in HFs can shed
new light on nontraditional strategies for
the medical treatment of AA.

Availability of data and materials

All data and materials related to the pre-
sent work have been included in this arti-
cle.

Funding Statement

This research did not receive any specific
grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Conflicts of Interest
The authors have no conflict of interest to
declare.

Ethical considerations

The study had the approval of the local In-
stitutional Review Board and the Research
Ethical Committee, Faculty of Medicine,
Suez Canal University. All participants filled
out a written informed consent to partici-
pate in the study.

Authorship

All authors had made substantial contribu-
tions to all of the following: (1) the concep-
tion and design of the study, (2) the acqui-
sition of data, data analysis, and interpreta-
tion, (3) drafting the article and revising it
critically, (4) final approval of the submit-
ted version, (5) Agreement to be account-
able for all aspects of the work in ensuring
that questions related to the accuracy or
integrity of any part of the work are appro-
priately investigated and resolved.

References

1 Alkhalifah A, Alsantali A, Wang E, et al.
Alopecia areata update. Part I. Clinical
picture, histopathology, and patho-
genesis. J Am Acad Dermatol 2010;
62:177-188.

10

1

12

13

Pratt CH, King LE, Messenger AG, et al.
Alopecia areata. Nat Rev Dis Prim 2017;
3:17011.

Botchkareva NV, Ahluwalia G, Shander
D. Apoptosis in the hair follicle. J Invest
Dermatol 2006; 126:258-264.
Ebrahimiyan H, Aslani S, Rezaei N, et al.
Survivin and autoimmunity; the ins and
outs. Immunol Lett 2018; 193:14-24.
Gravina G, Wasén C, Garcia-Bonete MJ,
et al. Survivin in autoimmune diseases.
Autoimmun Rev 2017; 16:845-855.
Botchkareva NV, Kahn M, Ahluwalia G,
et al. Survivin in the human hair follicle.
J Invest Dermatol 2007; 127:479-482.
Olsen EA, Hordinsky MK, Price VH, et al.
National Alopecia Areata Foundation.
Alopecia areata investigational assess-
ment guidelines: Part Il. National Alo-
pecia Areata Foundation. J Am Acad
Dermatol 2004; 51:440-7.

Bodemer C, Peuchmaur M, Fraitaig S,
et al. Role of cytotoxic T cells in chronic
alopecia areata. J Invest Dermatol
2000; 114:112-116.

Simonetti O, Lucarini G, Bernardini ML,
et al. Expression of vascular endothe-
lial growth factor, apoptosis inhibitors
(survivin and p16) and CCL27 in alope-
cia areata before and after diphency-
prone treatment: an immunohisto-
chemical study. Br J Dermatol 2004;
150:940-948.

Marie REM, Abd El-Fadeal NM, Atef
LM. Expression of survivin and p53
genes in patients with alopecia areata:
A case-control study. Austral J Derma-
tol 2021; 62(1): e29-e34.

Ebrahimian S, Rashtchizadeh N, Ghor-
banihaghjo A, et al. Association be-
tween serum levels of survivin and sys-
temic lupus erythematosus. Int J Clin
Pract 2021; 75(3): e13706.

Marie REM, Sarhan SAE, Abdel-Hamid
AES, et al. Assessment of survivin lev-
els in serum in patients with vitiligo: A
case-control study. Austral J Dermatol
2021; 62(1): e112-e114.

Markham T, Mathews C, Rogers S, et
al. Downregulation of the inhibitor of



Nada HA. et al.

14

15

16

apoptosis protein survivin in keratino-
cytes and endothelial cells in psoriasis
skin following infliximab therapy. Br J
Dermatol 2006; 155(6):1191-6.

Abdou A, Hanout H. Evaluation of sur-
vivin and NF-kB in psoriasis, an im-
munohistochemical study. J Cutan
Pathol 2008; 35:445-451.

Bongiovanni L, Miiller EJ, Della Salda L.
Survivin in skin pathologies. Exp Der-
matol 2011; 20:457-463.

El-Tahlawi S, Ezzat Mohammad N, Mo-
hamed EI-Amir A. et al. Survivin and in-
sulin-like growth factor-I: potential role
in the pathogenesis of acne and post-
acne scar. Scars Burn Heal. 2019



