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Role of hTERT rs2736100 in pathological scarring
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Abstract. Hypertrophic and atrophic scars are the effect of a
dysregulated wound-healing process in genetically predisposed
individuals. The genetic predisposition has acquired signifi-
cant attention due to the diverse phenotype of pathological
scarring in individuals with a positive personal and family
history. Recent studies have identified telomere shortening and
decreased hTERT activity in pathological scarring, proposing
the rs2736100 variant of human telomerase reverse transcrip-
tase (WTERT) gene as a valuable variant gene candidate. We
examined the scarring process in 71 female patients who had
undergone Caesarean section and developed hypertrophic
and atrophic scars with the objective to investigate the role
of single nucleotide polymorphism (SNP) rs2736100 in patho-
logical scarring. Genotyping was performed using RT-PCR
and follow-up included the Patient Observer Scar Assessment
Scale (POSAS) and SCAR scales. Comparative analysis for
mean POSAS value between the check-ups at 3 and 6 months
revealed a statistical decreased difference of 1.71 points [95%
confidence interval (CI), 0.4-2.89; P=0.01], while SCAR high-
lighted a decreased difference of 0.670 (95% CI, -0.04-1.38;
P=0.055). The C variant allele revealed a borderline statistical
value for the risk of developing pathological scarring (OR=1.44;
95% CI,0.876-1.332: P=0.066). In our study a pre-conceptional
body mass index (BMI) >25 kg/m? was statistically associated
with pathological scarring. The Fitzpatrick type 4 phototype
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displayed an increased frequency for the heterozygous geno-
type in the current study, and it was demonstrated that dark
skin tone was associated with abnormal scar formation. Our
study investigated the role of ”TERT gene variant rs2736100 in
hypertrophic and atrophic scarring in a Caucasian population
group. We report a borderline statistically significant value for
the variant C allele of A”TERT SNP for the risk of developing
pathological scarring in female patients that had undergone
Caesarean section.

Introduction

The background of pathological scarring relies on alterations
in physiological tissue repairing mechanisms after surgical
incision, inflammation, burn, or due to trauma. Pathological
scarring brings forth a negative impact on life quality (1,2).
Preventive initiatives and therapeutic measures lack significant
efficacy, and the reoccurrence rate is variably elevated. The
study of the risk factors may offer valuable insights for efficient
prophylactic measures and specific treatment development for
at individuals at risk (3).

Hypertrophic scarring includes increased deposition of
extracellular matrix and invasive fibroblast growth (4), while
an atrophic scar appears as topographical depression as a
result of inadequate compensation for tissue loss during the
physiological wound-healing process (5).

Genetic predisposition has attracted significant attention
due to the diverse phenotype of pathological scarring in indi-
viduals with a positive personal and family history. Several
studies (6-8) have investigated the genes responsible for local
coagulation, inflammation, tissue formation (reepithelization,
angiogenesis and matrix protein production), and tissue remod-
eling; with variable grades of achievements and suggesting a
wider approach (9).

The human telomerase reverse transcriptase (hfTERT) gene
maintains the telomeres at a steady length, prolonging the
cell lifespan by synthetizing the telomeric sequence. Enzyme
activity is increased in cancer and germ cells compared to
somatic cells (10). Recent studies have identified telomere
shortening and decreased hTERT activity in pathological
scarring. The rs2736100 SNP is responsible for a dysregulated
hTERT expression and activity being associated with excessive
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fibrosis and fibroblast proliferation in multiple cancers (11).
The role of this particular SNP has not been investigated with
regards to scarring; however, due to the gene involvement in
the scarring process, the present SNP is a valid candidate for
research of this association (12). Thus, the objective of this
study was to investigate the potential association of rs2736100
variant of the h”TERT gene in relationship with atrophic and
hypertrophic scarring in a Caucasian population group.

Patients and methods

Study group. The study group was comprised of 71 female
patients having undergone Caesarean section at the Ist
Gynaecology Clinic in Cluj-Napoca, Romania. A total of
85 patients were initially included in the study, with one patient
withdrawing verbally from the study and an additional group
of 14 patients lost through follow-up. The inclusion criteria
consisted of individuals of age more than 18 years, willing-
ness to participate and consecutive written informed consent
of the female patients after undergoing planned Caesarean
section without any pre-/post-operative complications, as well
as compliance to the necessary follow-ups. The main exclu-
sion criteria included the presence of overlapped incisions
from previous surgeries or trauma and a reluctance or lack of
cooperation for follow-up. The initial check-up was carried out
in-person and at 3 and 6 month the check-ups were carried
out via phone. Data regarding skin characteristics [Fitzpatrick
phototype (13)] as well as general information regarding age,
height, weight, consumption of tobacco, personal and family
history of atypical scars and weight gain during pregnancy
were collected. The clinical investigation relied on Patient
Observer Scar Assessment Scale (POSAS) and SCAR
scales (14) for objectifying the scars, both by professionals
and patients (14). Six months following surgery, the 71 indi-
viduals were grouped according to the scar type as follows:
physiological scar group (53 patients), hypertrophic scar group
(13 patients) and atrophic scar group (5 patients).

Genotyping investigation. Peripheral venous blood samples
were collected in K3EDTA vacutainers, followed by
storage at 4°C until processing. The Wizard Genomic DNA
Purification Kit (Promega Corp.) was used to extract genomic
DNA. This was stored at -20°C after rehydration, pending
genotyping. The mentioned SNP was genotyped using TagMan
assay (Thermo Fisher Scientific, Inc.) and the 7500 Fast Dx
Real-Time Polymerase Chain Reaction (PCR) system (Applied
Biosystems; Thermo Fisher Scientific, Inc.). BioRad CFX96
Real-Time PCR Detection System (BioRad Laboratories, Inc.)
software was used to interpret the results.

Statistical analysis. Mean + standard deviation or absolute
and relative frequencies (%) were used in the descriptive
statistics for clinical and genetic variables. SPSS for
MacBook (SPSS Inc.) was the software used for conducting
the statistical investigation. The Chi-square test was used to
measure the Hardy-Weinberg equilibrium. The Chi-square
test was also used to compare the clinical and demographic
data. The dispersion parameters were calculated using the
Kolmogorov-Smirnov test. Mann-Whitney-Wilcoxon test and
Student's t-test were addressed to analyze the comparisons

between subgroups and to correlate within continuous vari-
ables. The outcome differences appreciated by the SCAR
and POSAS were compared using the Student's t-test. Allelic
frequencies and genotype distribution were examined among
the study group using Fisher's exact test [odds ratio (OR) with
95% confidence interval (CI)]. A significant statistical differ-
ence was considered at a P-value <0.05.

Results

Clinical and demographic study. Demographic and clinical
patient features according to the study subgroup are illustrated
in Table I. No statistical significant difference was observed
regarding the age, height, weight, pre-conceptional weight
and duration of lactation. Statistically significant differences
were reported for the Fitzpatrick phototypes, the POSAS and
SCAR scores for the clinical evaluation and in the family and
personal history.

The comparative analysis for POSAS and SCAR mean
values between check-ups at 3 and 6 months are further elabo-
rated in Table I.

Analysis of hTERT rs2736100. The molecular analysis results
are presented in Table II, illustrating the allele frequency and
genotype distribution of the A”TERT variant gene: rs2736100.
The association analysis of POSAS and SCAR with the h”TERT
genotypes did not reveal any strong association (POSAS:
F (2, 70)=0.019; P=0.8; SCAR: F (2, 73)=0.010, P=0.88,
respectively).

The analysis of genotype effect on BMI with an age-adjusted
criteria showed a borderline statistical differences between
the subgroups. A BMI >25 kg/m? was statistically associated
with pathological scarring (x?=5.001, P=0.048). No strong
association was exhibited between the excessive weight gain
during pregnancy (>15 kg) and pathological scarring (x*=2.12,
P=0.322). No suggestive association was revealed between the
personal history and the pathological scarring regarding the
genotype distribution.

Under the Chi-square test, the genotype distribution was
statistically associated with the Fitzpatrick skin phototype
(x*=15.9, P=0.04), having under Cramer's test (V=0.319) a
moderate association profile.

Fisher's exact test was used under the dominant and reces-
sive models to evaluate the association between the genotype
distribution and the pathological scarring subgroups. The
variant CC genotype failed to exhibit any association for the
hypertrophic and atrophic scars both separately and combined.
The variant C allele revealed a borderline statistical value for
the risk of developing pathological scarring (OR=1.44; 95% CI
0.876-1.332; P=0.066).

Discussion

Hypertrophic and atrophic scars are the effect of a dysregu-
lated wound-healing process in genetically predisposed
individuals, having many possible alterations in inflam-
mation, cell proliferation or tissue remodeling steps of the
physiological process (15). Several genetic abnormalities
have been the investigative focus in pathological scarring
research, but the A”TERT variant rs2736100 represents a
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Table I. Demographic and clinical patient features according to the study subgroup.

Normal Hypertrophic Atrophic

Parameters scarring (n=53) scarring (n=13) scarring (n=>5)
Mean age 31.03+5.31 30.76+4 .47 30.66+4.5
Weight (kg) 80.33+14.55 73.15x14.5 84.5+21.77
Height (m) 1.63+0.06 1.63+0.08 1.60+0.03
Preconceptional weight (kg) 65.07+14.69 59+12.28 722424 .83
Weight gain (kg) 14.26+5.37 14.15+5.77 13.2+4 .43
Smoking, n (%) Yes 10 (14.08) 1(1.4) 1(1.4)

No 43 (60.56) 12 (16.9) 4(5.63)

P-value 0.02 >0.05 >0.05
Personal history, n (%) Yes 10 (14.08) 4 (5.63) 1(1.4)

No 43 (60.56) 9 (12.67) 4 (5.63)

P-value 0.02 0.04 >0.05
Family history, n (%) Yes 3(4.22) 1(14) 0(0)

No 50 (70.42) 12 (16.9) 5(12.19)

P-value 0.02 >0.05 N/A
Fitzpatrick phototype, n (%) 1 6 (8.45) 0 (0) 1(1.4)

2 14 (19.71) 2 (2.81) 1(1.4)

3 19 (26.76) 10 (14.08) 0 (0)

4 11 (15.49) 1(1.4) 2(2.81)

5 3422 0(0) 1(1.4)
POSAS 3 months 18.88+7.16 21.61+4.87 122454

6 months 16.74+6.67 7.53+2.25 7427

P-value >0.05 0.01 0.04
SCAR 3 months 5.71£2.43 7.53+£2.25 7.4+27

6 months 4.45+2.7 8.69+1.1 8.2+193

P-value >0.05 >0.05 >0.05
Treatment, n (%) Yes 8 (11.26) 4(5.63) 0(0)

No 45 (63.38) 9 (12.67) 5(12.19)
Lactation (months) 4.05+2.48 5.19+1.46 3.3+£3.07

Data are presented as mean + SD for continuous variables and as frequencies (n, %) for categorical variables. POSAS, Patient Observer Scar

Assessment Scale. All P-values indicating significant differences are indicated in bold print.

Table II. Allele frequency and gentotype distribution of the hTERT variant gene: rs2736100.

Allele frequency and genotype Normal scarring Hypertrophic scarring Atrophic scarring
distribution of the h”TERT variant gene (n=53) (n=13) (n=5)

A allele (wild-type) 52 9 7

C allele (variant type) 54 17 3

AA 15 2 2

AC 22 5 3

CcC 16 0
AC+CC 28 11 3

novel research target for investigating the genetic influence  scarring distribution respects the reported scar prevalence
of scarring. after surgery in the Caucasian population (16).

In our study, 74.64% of the female patients developed De Felice et al demonstrated the impact of telomere
normal scarring tissue, while 18.3 and 7.04% were found with  shortening on keloids, being associated with increased oxida-
hypertrophic and atrophic scars, respectively. The pathological  tive stress due to the absent expression of ATERT in keloids.
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No data have been acquired regarding hTERT and hyper-
trophic and atrophic scars in Caucasians (12). Other studies
have investigated the implication of hTERT in cancer and
fibroproliferative diseases, highlighting the causative role of
hTERT (10,17).

The AC genotype was the most frequently encountered
in our study and the comparative analysis of all genotypes
did not reveal any statistical difference between normal and
pathological scars. Another research interest was the velocity
of wound healing based on the POSAS and SCAR score values
which were decreased between the 3- and 6-months check-ups,
but no statistical difference was observed other than the similar
pattern of decrease for each genotype.

The type 4 Fitzpatrick phototype displayed an increased
frequency for heterozygous genotype in the current study and
it is demonstrated that higher grade phototypes are associated
with abnormal scar formation (7). Our study did not reveal this
association due to the lower number of individuals included in
the study.

Obesity is considered a risk factor for keloid develop-
ment. Our data revealed similar results for the hypertrophic
and atrophic scars. Literature suggests that an overweight
status is a valid risk factor for hypertrophic scarring, while
obesity is closely associated with keloid development
through the systemic pro-inflammatory state which acts as a
predisposing condition (18). In our study, a pre-conceptional
BMI >25 kg/m? was statistically associated with pathological
scarring, but it failed to exhibit a higher frequency of patho-
logical scarring in the overweight individuals compared to
normoponderal ones.

A positive personal history is a well-known risk factor for
abnormal scarring tissue reoccurrence, particularly keloids,
but hypertrophic and atrophic scarring lack this validation in
other studies (19). No evidence was highlighted in the current
study for the reoccurrence risk based on a positive personal
history of abnormal scarring.

The implication of a smoking habit in pathological scarring
is questionable. Some reports state a lower rate of hypertro-
phic scarring among smoking individuals (20), while others
have highlighted the negative impact of smoking in surgical
wound-healing (21). Our study did not investigate smoking as
a risk factor due to the low smoking rate among the pregnant
women investigated.

The limitations of the present study included a low patient
enrolment rate with pathological scarring, an exclusive
all female participants and no evidence to extrapolate the
data for the male population, and a short follow up period.
A better understanding of the risk factors for developing
pathological scarring would improve treatment outcome
since more selective preventative measures can be applied.
Patients with documented predisposition can benefit from
prophylactic post-surgical measures aimed at reducing scar
tissue. Investigation on animal models with overexpressed or
knockout of the A”TERT gene can evaluate the wound-healing
process and the risk of pathological scarring after surgery.

In conclusion, the present study investigated the role of the
hTERT gene variant rs2736100 in hypertrophic and atrophic
scarring in a female Caucasian population group. We reported
a borderline statistical significance value for the variant C
allele of the hTERT variant gene for the risk of developing

pathological scarring in female patients having undergone
Caesarean section.
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