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ABSTRACT
Objective: To assess the frequency and association of Glutathione S-Transferase Theta 1 and Glutathione S-Transferase Mu 1
null genotypes in development of actinic keratosis (AK) in a group of Pakistani population.
Study Design: Case-control analytical study.
Place and Duration of Study: Department of Biochemistry, Islamic International Medical College, Rawalpindi in collaboration
with Department of Dermatology, Railway Hospital and Rural Health Center, District Health Office, Rawalpindi from September
2018 to September 2019. 
Methodology: A total of 86 participants were included in this study with 27 biopsy proven cases of AK and 59 matched
controls. Blood samples were collected after obtaining written informed consent; and DNA was extracted by Chelex™ method.
Multiplex PCR (M-PCR) was done to find respective allelic frequencies of GSTM1 and GSTT1 genes in both cases and controls. 
Results: Mean age of participants in cases and controls was 62.93 ±10.29 years and was 61.42 ±9.96 years, respectively.
There were 18 males (66.7%) and 9 females (33.3%); and 43 males (72.9%) and 16 females (27.1%) in cases and controls,
respectively. There was a significant association of GSTT1 null genotype with AK (OR: 2.72, 95% CI: 1.05-7.05, p = 0.037). There
was a positive correlation between GSTT1 null genotype and AK (r = 0.225, p = 0.037).
Conclusion: GSTT1 null genotype has a significant association for AK development in the studied Pakistani population.
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INTRODUCTION
Skin cancer is the most common human malignancy in the world,
affecting people from all ethnicities and geographical regions.1

There are no current studies available showing incidence and
prevalence of actinic keratosis in Pakistan, except a study which
found  frequency  of  AK  lesions  to  be  7%  amid  the  patients
presenting  with  various  cutaneous  malignancies.2  Worldwide
epidemiological data show a higher prevalence of actinic kera-
tosis (AK), which is higher in those regions where population is
exposed to more UV radiation like Europe and America.3

An  Iranian  study  on  geriatric  population  aged  60  years  and
above, found AK lesions to be most common precancerous lesion
in these patients.
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Fitz Patrick’s photo type (FST) classification, which is based on 
one’s ability to tan or burn, is commonly used for assessing skin
cancer risk and skin color classification.4 FST grades skin color
from type 1 to 6 where type 1 to 3 are considered lighter skin
photo types and type 4 to type 6 are considered darker skin
photo types.5 AK lesions occur most commonly in type 2 and
type 3 skin photo types, which together account for 80% to 90%
of all AK cases.6

Actinic keratosis is an intraepithelial atypical proliferation of
keratinocytes. The lesions of AK are characterised by rough,
scaly spots, skin‐colored, reddish or reddish‐brown, nodules or
plaques.7 AK may lead to malignant transformation like squa-
mous cell carcinoma (SCC). Male gender, old age, light colored
skin (Fitz Patrick’s skin types 1 to 3), severe baldness, skin wrink-
ling, and relatively high tendency for sunburn are associated
with extensive UV damage.8 Many squamous cell carcinomas
arise from a pre-existing AK.9 Therefore, DNA damage due to
sun exposure and UV induced formation of  reactive oxygen
species (ROS) are initial events that lead to most common histo-
logic and clinical manifestations of chronic sun induced damage
to the skin.10

http://www.sciencedirect.com/topics/medicine-and-dentistry/senescence
http://www.sciencedirect.com/topics/medicine-and-dentistry/alopecia-mucinosa
http://www.sciencedirect.com/topics/medicine-and-dentistry/reactive-oxygen-species
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Table I: Primer sequences.

Primer Locus Product size in BP Primer sequences,  5’ to 3’
GSTM1 (F)

GSTM1 215
GAACTCCCTGAAAAGCTAAAGC

GSTM1 (R) GTTGGGCTCAAATATACGGTGG
GSTT1 (F)

GSTT1 480
TTCCTTACTGGTCCTCACATCTC

GSTT1 (R) TCACCGGATCATGGCCAGCA
β-globin (F)

β-globin 286
CAACTTCATCCACGTTCACC

β-globin (R) GAAGAGCCAAGGACAGGTAC
GSTM1 = Glutathione S-Transferase Mu 1; GSTT1 = Glutathione S-Transferase Theta 1; β = Beta; F = Forward; R = Reverse.

Table II: Association of GSTT1 and GSTM1 genotypes in AK patients and control group.

Total
N = 86

Cases
N = 27
n = (%)

Controls
N = 59
N = (%)

OR
(95% CI)

RR
(95% CI) p-value

GSTT1 Genotype

Wild type 9 (33.3) 34 (57.6)
2.72 (1.05-7.05)

0.58 (0.33-1.03)
0.037*

Null type 18 (66.7) 25 (42.4) 1.57 (1.06-2.35)
GSTM1 Genotype

Wild type 16 (59.3) 35 (59.3) 1.00 (0.39-2.53)
 

0.99 (0.69-1.46) 0.996
 Null type 11 (40.7) 24 (40.7) 1.00 (0.58-1.74)

GSTT1 = Glutathione S-Transferase Theta 1; GSTM1 = Glutathione S-Transferase Mu 1; AK = Actinic Keratosis; OR = Odds Ratio; RR = Relative Risk; CI =
Confidence Inttervals.

Figure 1: Amplified GSTT1, GSTM1 bands separated on electrophoresis.
GSTT1 = Glutathione S-Transferase Theta 1; GSTM1 = Glutathione S-Transferase
Mu 1; B-globin = Beta globin.
GSTM1 at 215 bp is present in 2nd, 6th, 10th and 11th sample.
GSTT1 at 480 bp is present in 1st, 3rd, 4th, 5th 6th, 9th, 11th, 12th and 13th sample.
β – Globin at 286 bp is present in all samples as an internal control.
Gene Ruler TM 100 bp ladder in 14th well.

Glutathione S-Transferases (GSTs) are found to play a vital
role in cell’s defence against noxious compounds, ROS and
confers resistance to drugs by reducing them to less toxic
substances by glutathione conjugation reactions.11 GSTs also
transform the carcinogenic compounds either environmental
or  generated  within  cell  to  their  detoxified  form.  GSTs  are
believed  to  function  in  xenobiotic/drug  detoxification  reac-
tions in body once they have undergone oxidation, hydrol-
ysis  and  reduction.12  Two  loci  in  particular,  GSTM1  and
GSTT1, have received most of the attention among these
GST classes because GSTM1 and GSTT1 homozygous dele-
tions are found to be associated with a loss of function muta-
tion (null  mutation/genotype)  in  these genes.13  GSTM1/T1
null  genotypes  are  a  significant  risk  factor  for  sunburn
susceptibility; and as mentioned above, cumulative sun expo-
sure including UV rays is  an important risk factor for AK
development.14

The objective of this study was to assess the frequency and
association  of  Glutathione  S-Transferase  Theta  1  and
Glutathione S-Transferase Mu 1 null  genotypes in  risk  of
development of actinic keratosis in a group of Pakistani popu-
lation.

METHODOLOGY

The study was done at  the Department  of  Biochemistry,
Islamic International Medical College, Rawalpindi in collabora-
tion with Department of Dermatology, Railway Hospital and
Rural  Health  Center,  District  Health  Office,  Rawalpindi  after
approval from the Ethical Review Committee of Islamic Inter-
national  Medical  College,  from  September  2018  to
September  2019.  

Study  subjects  included  were  diagnosed,  biopsy  proven
cases  (n=27)  of  actinic  keratosis  and  healthy  matched
controls (n=59). Exclusion criteria were malignancy, immuno-
suppressive  agent  use  like  steroid  therapy,  immunodefi-
ciency syndromes,  hormonal  abnormalities  and treatment
with ultra violet A (UVA), ultra violet B (UVB) and Psoralen
ultra violet A (PUVA) therapy in this study subjects. Biopsy
proven cases, who had any degree of AK lesions, were taken
including those who had taken any sort of prior treatment
for the disease and had recurrence history, healthy matched
controls  without  AK  lesions  fulfilling  the  above  described
criteria were taken as controls.  They aged 45 years and
above from all ethnic backgrounds and common skin photo
types found in Pakistan. As prevalence and incidence of AK
is unknown in Pakistani population, taking into consideration
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the low prevalence of AK in the neighboring countries like
China which is 0.52% yields a very low sample size of 8 by
online sample size calculator (Raosoft™).15 Therefore, conve-
nient non-probability sampling technique was employed in
this study to gather as much samples as possible during the
study duration.

Blood samples were collected from study subjects for GSTM1
and  GSTT1  genotype  analysis.  DNA  was  extracted  from
blood samples by Chelex™ method.16  Extracted DNA was
then stored at -80 degrees Celsius till  further analysis in
labelled  Eppendorf  tubes.  Reverse  and  forward  primers,
each of GSTM1, GSTT1 and β-globin, were used for amplifica-
tion of respective genes where β-globin gene was taken as
internal control. Primer sequences used are given in Table I.

The PCR reaction was performed by Multiplex PCR technique
in  separate  tubes  in  which  each  tube  contained forward
primer  and  reverse  primer  specific  to  GSTM1  and  GSTT1
including primers for β–Globin genes. The final total volume
for each PCR reaction was 32 µL which includes 6 µl PCR
water,  16  µl  2x  thermo  scientific™  master  mix  containing
thermus aquaticus (Taq) polymerase, dNTP’s and MgCl2  as
per manufacturer’s specifications, 1 µl of each primer which
added to total 6µl from 6 primers and 4 µl of DNA from
sample to be analysed.

The  PCR amplification  begun  with  an  initial  denaturation  at
94°C  for  7  minutes,  followed  by  40  amplification  cycles
which encompassed denaturation at 94°C for 50 seconds,
annealing at 62°C for 45 seconds, and extension at 72°C for
52 seconds. The final extension was carried out at 72°C for
12 minutes, and cycle was terminated to hold at 4°C. Reac-
tion mixtures  containing amplified genes were subjected to
electrophoresis on 2% agarose gel premixed with 0.5 μg/ml
concentration of ethidium bromide in 1x TBE buffer solution.
Electrophoresis was done for 65 minutes with current sett-
ings  at  700  mA  and  voltage  setting  at  100  V.  Amplified
bands were visualised by UV320 trans-illumination under UV
camera in Gene Box™ by Gene Sys™. Gene Ruler™ 100 bp
(base pair) DNA reference ladder was used as a reference to
determine size of amplified bands in base pairs (Figure 1).

Statistical  analysis  was  performed  by  using  IBM™  SPSS
version 21.  Demographic  and genotype frequencies  were
determined.  Chi-square  test  was  performed  to  find  signifi-
cance between our study groups and genotypes of interest
that are GSTT1 and GSTM1. Odds ratio (OR) was calculated
to  find  odds  of  absence  or  presence  of  GSTT1  and  GSTM1
genotypes in development of actinic keratosis. Risk ratios
(RR) were calculated to ascertain the risk of developing AK
lesions with wild or null alleles of GSTT1 and GSTM1 geno-
types. Finally correlation analysis was performed to see the
association of these genes in development of actinic kera-
tosis.  Ninety-  five  percent  confidence  intervals  and  p  value
of less than 0.05 was taken as significant in all the statistical
analyses.

RESULTS

There were a total of 27 cases and 59 controls,  the age
ranged from 47 to 85 years in cases and 45 to 84 years in
controls. Mean age of participants in cases and controls was
62.93 ±10.29 years and 61.42 ±9.96 years,  respectively.
There were 18 males (66.7%) and 9 females (33.3%); and 43
males (72.9%) and 16 females (27.1%) among the cases and
the  controls,  respectively.  In  cases,  3  patients  (11.1%)
belonged to skin photo type 3, 15 patients (55.6%) belonged
to skin photo type 4, and 9 patients (33.3%) belonged to
skin photo type 5. In controls, 4 patients (6.8%) belonged to
skin photo type 3,  32 patients  (54.2%) belonged to skin
photo  type 4,  and 23 patients  (39.0%) belonged to  skin
photo type 5.

GSTT1  null  genotype  was  found  to  be  significantly  associ-
ated with risk of development of actinic keratosis (OR: 2.72,
95% CI: 1.05-7.05, p = 0.037). Furthermore, the risk of AK
development increased by 1.57 times in absence of GSTT1
genotype or wild allele (RR: 1.57, 95% CI: 1.06-2.35, p =
0.037),  Table  II.  There was a  significant  positive  correlation
between GSTT1 null allele and risk of development of actinic
keratosis (r = 0.225, p = 0.037).

DISCUSSION

Skin cancer by far continues to remain most common human
malignancy worldwide with particular high incidence in fair
complexioned population and those who were exposed to
higher  doses of  UV rays like people living on altitudes.17

Actinic  keratosis  arises  in  UV exposed skin  due to  irrev-
ersible DNA damage caused by UV light and is considered as
a pre-malignant lesion, which has a higher risk of progres-
sion to invasive squamous cell carcinoma. Therefore, diag-
nosing  and  devising  early  and  effective  treatment  plan  for
actinic keratosis lesions prevention and treatment is para-
mount.18

Human Glutathione S-Transferases (GSTs) comprise of cyto-
solic and microsomal superfamilies, which are further subdi-
vided into various subfamilies and are involved in second
phase of detoxification reactions, which includes conjugation
of  reduced glutathione to xenobiotics  or  drugs in  human
body.19 The cytosolic family includes GST α, GST µ, GST θ,
and GST π, while other members of family are microsomal.20 
GSTT1 and GSTM1 are genes which belong to cytosolic super-
family of GSTs and have role in ROS induced damage preven-
tion at cellular and molecular level. As UV rays in addition to
causing direct DNA damage also induces ROS generation,
the healthy activity of these genes assumes great impor-
tance  in  protecting  further  damage  and  pre-malignant
changes in cell.21

In  the  current  study,  there  was  significant  association
between absence of GSTT1 allele and increased risk of devel-
opment of actinic keratosis. There was a positive correlation
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between GSTT1 genotype and AK lesions formation as well.
The risk of AK was 1.57 times higher than normal when a
subject has GSTT1 null genotype.

This study corresponds with the other studies performed world-
wide investigating possible role of these genotypes in etiology
and  pathogenesis  of  AK  and  skin  cancer.  The  findings  in
current study are similar to the results of an Italian study,
which found GSTT1 null allele to be significantly related to the
risk of AK development.22 A recent study conducted on Iranian
population concluded that GSTT1 and GSTM1 null genotypes
were associated with risk of developing basal cell carcinoma of
skin.23  Another  study  done  on  southern  Italian  population
including  262  subjects  found  no  association  of  GSTT1 and
GSTM1 null allele with risk of melanoma skin cancer.14 

This  is  the  first  study of  its  kind  in  Pakistan  showing associa-
tion of GSTT1/M1 null genotypes with development of actinic
keratosis lesions. The study subjects represent the commonest
skin photo types present in Pakistan. The study was multi-
center  employing  study  participants  from  different  centres  in
Rawalpindi.

Due to rarity of the disease in question and small duration of
study, number of cases was low. It was a case-control study
lacking  longitudinal  follow-up of  study subjects.  Nationwide
studies  employing  larger  sample  size  and  more  genetic
markers are warranted.

CONCLUSION

GSTT1  null  genotype  was  found  to  be  significantly  associ-
ated with risk of development of actinic keratosis. The risk of
AK development increases significantly in absence of GSTT1
genotype.  There  was  a  significant  positive  correlation
between GSTT1 null allele and risk of development of actinic
keratosis.
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