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Abstract 
 

Orofacial clefts are the commonest congenital structural anomalies of the lip and/or palate. 
Beyond cosmetic abnormality children often suffer from feeding difficulties, ear infections, 
hearing loss, speech and language delay, dental problems and multiple craniofacial/dental 
surgeries. Present study was conducted to assess DNA damage among children with orofa-
cial clefts. One ml of peripheral blood was collected from children of isolated cleft lip, iso-
lated cleft palate and cleft lip with cleft palate (n=80) and controls, subjected to single cell 
gel electrophoresis (Comet assay) for DNA damage. Comet parameters were measured. The 
mean percentage of undamaged DNA in the comet head was 83.9 ± 6.8 % in orofacial clefts 
and 95.4 ± 1.8 % among controls, (p < 0.01). The mean tail length in cases was 22.6 ± 15.5 
µm and in controls 6.7 ± 2.7 µm (p < 0.01). There is significantly increased DNA damage in 
orofacial cleft cases than controls. The various stress factors due to comorbidities and com-
plications in orofacial clefts could be the reasons for DNA damage in the present study.  
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Introduction 
 
Orofacial clefts are the most common craniofacial birth 
defect of the lip and/or palate in human and they arise as a 
failure of facial embryonic processes to completely fuse. 
It comprises a large fraction of all birth defects and is 
considered important for its significant lifelong morbidity 
and complex etiology [1].  The average prevalence of oro-
facial clefts is 1/700 live births [2].  Beyond the cosmetic 
appearance children often suffer from comorbidities like 
feeding difficulties, ear infections, hearing loss, speech 
and language delay. Dental problems and multiple cranio-
facial/dental surgeries may also be required [3]. Despite 
surgical interventions, associated comorbidities and social 
problems make them to lives challenging. Previous stud-
ies have identified the genes that harbour the cleft suscep-
tibility loci on several chromosomes.  Some of them are 
PTCH, STOM and FOXE1 on chromosome 9q in which 
missense mutations and polymorphic variants have been 
described as having a role in cleft lip/palate [1]. These 
facts clearly show that orofacial clefts have a strong ge-
netic component. Numerous previous studies have pro-
posed that many extrinsic factors might influence cleft 
formation. Thus orofacial clefts are considered to be ge-
netically complex and multifactorial diseases. Several 
studies have identified copy number variants, polymor-

phisms of cleft susceptible genes at micro molecular level 
by linkage analysis, genome scans, candidate gene stud-
ies, FISH etc. But, the data on the topic of macromolecu-
lar DNA damage in children with cleft lip/palate is hardly 
available in the literature. So, aim of the study was to as-
sess the level of DNA damage in children with cleft lip 
and palate by single cell gel electrophoresis (SCGE) or 
Comet assay. This is one of the easiest, rapid, cost effec-
tive and sensitive methods to analyse DNA damage [4]. 
Research in this area is likely to add to the existing 
knowledge and eventually be used for prevention, treat-
ment, and prognosis for individuals affected by orofacial 
clefting. 
 
Material and Methods 
 
The study was approved by the Institute’s Human ethics 
committee (JIPMER, Puducherry, India. Ref no - 
SEC/2011/4/1). A total number of eighty children (n=80) 
were included in the study. The patients were recruited 
from the Department of Paediatrics and Plastic Surgery. 
Informed consents were obtained from parents before data 
was collected from the age and sex matched cases and 
controls. Types of orofacial clefts, the presence of associ-
ated anomalies, infection, order of birth, maternal nutri-
tion and drug history were also noted. 
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The comet assay is a simple & sensitive method to assess 
DNA damage in a single cell. The principle of the comet 
assay is based on migration of negatively charged dam-
aged DNA fragments like single strand breaks, double 
strand breaks in alkali labile sites towards the anode dur-
ing electrophoresis thereby forming a comet-like appear-
ance.  

 
By venipuncture, 1ml of blood was collected under strict 
aseptic conditions and subjected to centrifuging at 1500 
rpm. After 30 minutes of centrifugation, the buffy coat 
containing lymphocytes was removed and layered with 
agarose gel. After the layer of gel was set, the slides were 
immersed in lysis solution for 1hr at 40C. With this treat-
ment the cell membrane and nuclear membrane were 
lysed and the majority of proteins were removed to ex-
pose the nucleoids. The slides were then placed in a hori-
zontal gel electrophoresis tank. The slides were left in the 
high pH (>13) buffer for 30 mins to allow unwinding of 
DNA and expression of alkali labile sites and another 30 
mins at 300 mA, 0.74V/cm for the movement of DNA 
fragments if any, towards anode through the gel. Staining 
was done with silver nitrate solution.  

 
The stained slides were visualized using a 20x objective 
on a bright field light microscope and captured using 
CCD camera and they were scored using comet score 
software. Comet parameters like total length of comet 
(µm), tail length (µm), head diameter (µm), % of DNA in 
head, % of DNA in tail were evaluated in both cases and 
controls. 

 
Statistical analysis 
The data was presented as mean with SD (standard devia-
tion) or median with range based on the distribution of 
data. Anova and Independent student t test was used for 
comparisons of continuous variables. All categorical data 
was presented as frequencies and percentages and was 
compared by using chi square. All statistical analysis at  
95% confidence interval and P value < 0.05 was consid-
ered as significant. 
 
 

 
Results 
 
Forty children aged between 0-12 years with various 
types of orofacial clefts who attended Pediatrics and Plas-
tic Surgery outpatient department (OPD) of JIPMER were 
the cases for the current study. Equal number of age and 
sex matched children were chosen as controls those who 
attended Pediatrics OPD for routine check-up.  Among 
the orofacial clefts, twenty children had cleft lip with cleft 
palate, fourteen had only cleft lip and six were isolated 
cleft palate. All the cases were non-syndromic cleft lip 
and palate cases. At the time of blood collection patients 
were free from acute illness or distress.  

 
The mean length of the comet in cases was 85.0 ± 23.3 
µm whereas in controls it was 77.1 ± 10.1 µm. The dif-
ference in total length of comet between cases and con-
trols was not statistically significant. The mean head di-
ameter in cases was 64.0 ± 18.1µm and in controls 70.3 ± 
9.9 µm. The undamaged DNA in the nucleus was reduced 
in orofacial cleft than normal healthy children. But, the 
difference was not statistically significant, (p > 0.05) 
(Figure 1). But when we calculated the mean percentage 
of undamaged DNA was 83.9% and 95.4% in cases and 
controls respectively, the difference was statistically sig-
nificant (p < 0.05) (Figure 2).  

 
The mean comet tail length in cases 22.6 ± 15.5 µm and 
controls 6.7 ± 2.7 µm was statistically significant (p < 
0.01). The mean percentage of DNA in comet head indi-
cates the amount of undamaged DNA. In the present 
study, the mean percentage of DNA in comet head in cas-
es was 83.9 ± 6.8 %, and in controls 95.4 ± 1.8 % (p < 
0.01).  
 
The mean percentage of DNA in comet tail indicates the 
amount of damaged DNA. In the present study, the mean 
percentage of DNA in comet tail in cases was 16.1 ± 6.8 
% and in controls 4.7 ± 1.8 % (Table1, Figure 2). 
 
 

Table1 .  Comparison of Comet parameters between the study groups 

 

  
Comet Length 
(µm) 

 
Head Diameter 
(µm) 

 
% of DNA in Head 

 
Tail Length 
 (µm) 
 

 
% of DNA in tail 

Cases  85.0 ± 23.3 64.0 ±18.1  83.9 ± 6.8 22.6 ± 15.5 16.1 ± 6.8 
Controls  77.1±10.1 70.3 ± 9.9 95.4 ± 1.8  6.7 ± 2.7 4.7 ± 1.8 
p value P > 0.05 

 
P > 0.05 P < 0.01* 

 
P < 0.01* 
 

P < 0.01* 
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Figure 1. Comparison of Comet length and head diameter between the study groups (P > 0.05) 
 

 

 

Figure 2. Comparison of % DNA in head, tail and tail length between the study groups (P < 0.01*) 
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Figure. 3. Comets observed in controls (20x). There was no classical tail formation. White arrows in-
dicating the undamaged nucleus and black arrow indicates damage DNA which is very negligible 

 

 

Figure 4. Comets observed in cases of orofacial clefts (20x). Classical comet is indicated by black ar-
row. White arrows indicate undamaged DNA in nucleus while black arrows indicate damaged DNA in 
tail of comets.  

                                                                                
Discussion 
 
Orofacial clefts are the most common craniofacial birth 
defects and the second most common congenital anoma-
lies. In 40% to 60% of persons with birth defects, the eti-

ology is unknown. Genetic factors such as chromosomal 
abnormalities and mutant genes account for approxi-
mately 15%: environmental factors responsible in ap-
proximately 10%; combination of genetic and environ-
mental influences (multifactorial inheritance) causes 20% 
to 25% [5]. On extensive literature search showed no data 
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on the assessment of DNA damage in orofacial clefts. The 
present study has been undertaken to assess the DNA 
damage and compare the level of DNA damage with age 
and sex matched normal healthy children.  
 
In the current study the DNA damage was assessed by the 
SCGE (single cell gel electrophoresis) or comet assay 
which is considered as a simple and sensitive method to 
assess DNA damage in a single cell. The comet assay is 
based on the principle that damaged DNA moves towards 
anode forming a comet shaped image and the undamaged 
DNA remains within the cell (Figure 3, 4) [6-11]. 
 
Despite the detection of DNA damage in orofacial clefts 
in this study, the cause for the same remains unknown due 
to the complex interplay between genetic and environ-
mental factors, hence opening channel for future research 
options. Genetic factors like mutation and its conse-
quences could be hypothesized to be the causes of DNA 
damage in orofacial clefts. 

Brasch Anderson et al. suggested that mutated genes by 
“dose gene effect, position effect” may cause elevated 
levels of SOD and catalase leading to imbalance between 
antioxidants and free radicals causing cell injury due to 
oxidative stress phenomenon. Cu/Zn SOD and biochemi-
cal profile for oxidative stress were not carried out in the 
current study [6]. However, the increases in the values of 
comet metrics are indicative of oxidative stress. Gene 
dosage effect and position effect lead to oxidative stress 
which results in production of various reactive oxygen 
species (ROS) [12-16]. The results revealed elevated 
number of DNA strand breaks and oxidized bases (pu-
rines and pyrimidines) in cases of orofacial clefts com-
pared with controls. The elevated levels of DNA damage 
in cases with orofacial cleft observed in the current study 
can be due to the “Gene dosage effect and position ef-
fects”. 

A study by shaw et al has shown mutation in MTHR gene 
can cause orofacial clefting. Mutation in MTHR gene 
causes diminished level of serum folic acid and increased 
serum homocysteine level in children with clefts [17,18]. 
This could be one of the reasons for DNA damage in oro-
facial clefts. 

Apart from mutation and its consequences, children with 
orofacial clefts often suffer from comorbidities like feed-
ing difficulties, ear infections, hearing loss, speech & lan-
guage delay and dental problems [2]. In fact, individuals 
born with a cleft have increased incidence of mental 
health problems as well as higher mortality rates at all 
stages of life. Thus, orofacial clefts have a prolonged, 
adverse influence on the health over others. The stress due 
to above said factors may in turn cause DNA damage. A 
study by Flint et al found that excess production of sym-
pathetic and other adrenal hormones like Epinephrine, 

norepinephrine and cortisol during psychological stress 
may affect many cells directly. The consequences may be 
transient or long-lasting such as permanent DNA damage 
which may result in increased cell transformation and/or 
tumorigenicity [19].  

 
DNA damage resulting from spontaneous or induced 
chromosome breakage/loss like single/double strand DNA 
breaks, alkali labile sites (apurinic/apyrimidinic sites), 
DNA cross links, base/base pair damages and apoptotic 
nuclei in the cells is detected as comet tails in peripheral 
lymphocytes. Most of them are cleared from circulation 
unless a stable mutation has occurred in the stem cells. If 
that has occurred, the mutation may accumulate over 
months or years and may end up being responsible for 
various health conditions in childhood or adulthood, in 
present or future generations. Camille et al revealed in-
creased occurrence of breast cancer among females  with 
cleft lip and/or cleft palate, primary brain cancer among 
females with cleft palate and primary lung cancer among 
males  with both cleft lip and cleft palate [20]. 

 
Many Studies support an aetiological overlap between 
non syndromic orofacial clefts and cancer, and alterations 
in similar biological pathways may be associated with the 
occurrence of various types of cancer in breast, brain, and 
colon in individuals with a cleft as well as in their family 
members [21-23]. Kobayashi et al suggested DNA dam-
age as a molecular mechanism for non-syndromic cleft lip 
and palate [22]. Collection of adequate exposure data (be-
ginning from pregnancy and during childhood), consider-
ing the relative risks of genotoxic exposure to environ-
mental pollution and a thorough look on clinical features 
will further facilitate our knowledge about DNA damage 
in children with orofacial clefts. It may help to predict the 
exact mechanism by which DNA damage causes cancer 
and other health conditions in such individuals.  
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