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Table 1: Characteristics of OSCC patients.

Differences in histopathological grading of OSCC 
with age is shown in Table 2. Moderately differenti-
ated OSCC was predominant histopathological 
differentiation in 30-39 years (19; 46.3%), 40-49 years 
(16; 43.2%), 60-69 years (12; 48%) and 20-29 years (7; 
100%) age groups. While poorly differentiated 
OSCC was predominantly seen (17; 60.7%) in 50-59 
years age group (Table 2).

Table 2:  Associtation of histopathological grades of 
OSCC with different age groups

Table 3 shows the correlation between frequencies 
of cigarettes, gutka and pan consumption and 
histopathological differentiation. Moderately differ-
entiated OSCC was more common in patients who 
smoked 5-15 cigarettes per day (24; 40%) and those 
who consumed 5-15 packets of gutka per day (39; 
49.4%). For pan consumers (with frequency of 5-15 
pans per day) both moderately differentiated (39; 
42%) and poorly differentiated OSCC (40; 43%) had 
equal distribution.

Poorly differentiated OSCC was the predominant 
histopathological grade for cigarette smokers (> 15 
cigarette / day) (20; 48.7%) and gutka users (> 15 
packets / day) (25; 64.1%). For pan users (> 15 pan / 
day), both well differentiated (9; 40.9%) and moder-
ately differentiated OSCC (8; 36.4%) showed equal 
distribution (Table 3).

Table 3: Correlation between frequency of ciga-
rettes, gutka, pan consumption and histopathologi-
cal differentiation in OSCC patients.

DISCUSSION

Gender, wise distribution in our study revealed male 
preponderance with 108 (78.3%) male and 30 
(21.7%) female OSCC patients. This could be due to 
higher consumption of gutka, pan and cigarette 
smoking in male gender which is consistent with 
findings of other studies 11, 12. In contrast, a study 
conducted in Lahore observed an equal preva-
lence of OSSC in both genders 13. However, in some 
parts of the world the incidence of OSCC in females 
is increasing, possibly due to of their increasing 
indulgence in high-risk habits 14.

The habits of smoking, gutka and pan are also 
popular in younger age groups due to attractive 
appearance, low prices and easy availability of 
these products, supported by deficiency of knowl-
edge about their devastating effects. In the present 
study, the age of patients ranged from 20 to 69 
years with the peak age range of OSCC occur-
rence in the 30-39 years (41; 29.7%). This finding is in 
agreement with a study carried out in Taiwan 15. 
Similarly, a study in India reported a high incidence 
of OSCC below 40 years of age 16. In contrast a 
research conducted in an Indian population report-
ed greater incidence in the age range of 51-60 
years 17. While another study reported the average 
age of diagnosis of oral malignancy as 62 years 18.
 
Majority of OSCC patients were Muhajirs (Urdu 
speaking people) (55.8%). Urdu speaking people 
have migrated from India at the time of partition 
and have retained their social and cultural heritage 
19. This is in accordance with the researches done in 
Karachi, which also confirms that malignancy was 
predominant amongst the Mohajirs 14, 20. 

In our study the most common site of involvement 
was the buccal mucosa (58.0%) followed by tongue 
(17.4%). These findings are consistent with other 
studies carried out in this region 21, 22. In some Asian 
countries such as Thailand, Taiwan and India, 
buccal mucosa was also found to be the most 
common site of involvement 23. In contrast, tongue is 
the most commonly affected site of oral cancers in 
western countries as tobacco smoking is more prev-
alent than tobacco chewing (9). Similarly, in Iran, 
UK, and Srilanka, the most common site of involve-

ment was the tongue 24,25,26. This difference seems to 
be related to different habits 27.

The histopathological distribution of OSCC in our 
study indicated a clear predominance of moder-
ately differentiated carcinoma (n=19) in 30-39 year 
age group. A research done in Thailand revealed 
that most of the OSCC tumors were moderate to 
well differentiated carcinoma, in patients younger 
than 45 year 28. Similarly, a study conducted in Kara-
chi revealed equal distribution of well-differentiated 
and moderately differentiated carcinoma with age 
ranges between 21-40 years 29. In contrast a study 
conducted in Iran reported majority of cases were 
diagnosed as well differentiated carcinoma with 
age ranges of 20-40 years 24.

In our study risk factors were smoking, gutka and 
pan. Tobacco smokers have a 27 fold higher risk of 
developing Oral squamous cell carcinoma as com-
pared to non-smokers 30. Tobacco-specific nitrosa-
mines (N-nitroso compounds) play a major role in 
the malignant transformation of oral squamous cell 
carcinoma 6. In our study subjects who consumed 
more than 15 cigarettes per day 48.7% (n=20) are 
significantly associated with poorly differentiated 
carcinoma. This is consistent with a study conduct-
ed in Brazil, demonstrating 18.8% of smokers who 
consumed more than 20 cigarettes per day had 
poorly differentiated carcinoma (40.4%) 31. Muange 
et al., reported cigarette smoking in 60% of cases, 
with poorly differentiated carcinoma (48.8%) 32. 
Degree of low differentiation risk increased with 
increasing number of cigarette smoked 33.

An industrially prepared mixture of areca nut, slaked 
lime, catechin containing substance, sandalwood 
fragrance and tobacco is known as Gutka which is 
kept in the buccal pouches for long periods and its 
juices are sucked in. This leads to significant expo-
sure of the subjected mucosa to carcinogens 7. In 
our study subjects who consumed gutka more than 
15 packets per day are significantly associated with 
poorly differentiated carcinoma (25; 64.1%). In 
contrast, a study conducted in Karachi reported 
60% of cases as well differentiated carcinoma 34 
.Similar findings were seen in a study where, gutka 
users (70%) showed 66% of well differentiated carci-
noma 35. While another Indian study conducted by 
Bhat et al., showed 52% of gutka consumers in 
which 47% were confirmed as well differentiated 
carcinoma 36. These studies have not mentioned the 
details about frequency and duration of consump-
tion of these products and we assume that 
prolonged use of these products in our patients has 
resulted in poorly differentiated OSCC37. People get 
addicted to gutka as it is reported to have stimulant 
and relaxation effects. When a person chews 
gutka, the mixture directly enters the system through 
the oral cavity 38. While in the case of smoking, the 
harmful chemicals reach the lungs and so smoking 
is 90% related with lung cancer 39. 

Betel quid (BQ) chewing is an ancient ethnic prac-
tice in Southeast Asian countries. Betel quid is 
chewed owing to its medicinal properties 37 and as 
a symbol of social life. Betel Quid in Pakistan and 
India is called ‘Pan’. The components of pan are 
betel leaf (Piper betel), areca nut (Areca catechu) 
also called betel nut and slaked lime (calcium 
hydroxide). Further use of tobacco and other spices 
are dependent on the individual’s choice. The 
major components of the areca nut are fats, carbo-
hydrates, fiber, proteins, polyphenols (flavonolsand-
tannins), minerals and alkaloids 40. Nitrosamines are 
generated by nitrosation of the alkaloids in stored 
dried nuts and when in the mouth, especially in the 
acid environment, in the presence of nitric oxide 
generated by bacteria 41. BQ chewing forms reac-
tive oxygen species (ROS) that is harmful to oral 
mucosa under an alkaline environment during the 
auto oxidation of areca nut (AN) polyphenols. 
Slaked lime is mainly calcium hydroxide. In coastal 
areas of Sri Lanka, slaked lime is produced by heat-
ing sea shells and in the islands of the Pacific it is 
discovered from limestone. When it is added in pan 
it creates erosion of oral mucosa and allow pene-
tration of betel quid carcinogens through mucous 
membrane 42.  

 In our study subjects who consumed 5- 15 pans per 
day were significantly associated with poorly differ-
entiated carcinoma (40; 40%). In contrast, Znoar et 
al., in India reported majority of subjects with well 
differentiated carcinoma (48.3%) 43. This is in accor-
dance with a study conducted in Karachi, in which 
86.7% of patients had history of pan consumption, 
and well-differentiated type was prevalent histolog-
ical pattern 29.  OSCC patients with pan habits 
showed a greater tendency for structural changes 
in the oral epithelium and hence may be at a 
higher risk of getting converted to malignancy. 

CONCLUSION
 

Outcomes of the present study revealed associa-
tion between frequency of risk factors (cigarette, 
gutka and pan) with histopathological pattern. In 
Pakistan the usage of gutka, pan along with ciga-
rettes is prevalent because they are easily available 
from roadside shops for a very cheap amount. 
There is an essential requirement for establishing 
regarding awareness campaign in all age groups, 
against the consumption of these addictive prod-
ucts, in order to lower the incidence of OSCC.
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ABSTRACT
 

Despite recent advancement in pathogenesis and management of disease, oral cancer remains the most 
common human malignancy, worldwide. The aggressive behavior of OSCC is a challenge for new treat-
ment modalities for primary as well as metastatic lesions. HER receptors play an important role in the normal 
physiological process as well as in the development of many cancers including oral squamous cell carcino-
ma. An electronic article search was done through PubMed, Google Scholar and Medscape were used for 
an electronic search of articles, using the following keywords: oral cancer, EGFR, Her/2, Her/3 and Her /4. All 
types of articles were included. The aim of this review is to outline the current knowledge on the role of HER 
receptors in the progression of OSCC in order to use them as a therapeutic target in high risk OSCC patient 
and to prevent them from aggressive surgeries causing post-operative morbidity.

KEY WORDS: Oral squamous cell carcinoma, HER1, HER-2, HER-3 and HER-4, over expression, Immunohisto-
chemistry.

INTRODUCTION

Worldwide, Oral squamous cell carcinoma (OSCC) 
is classified as sixth most common cancer 1, contrib-
uting to about 5% of all cancers in the Western 
World 2, whereas, OSCC is the main cause of mortal-
ity and morbidity in South East Asian countries 3. The 
cultural practices like tobacco and betel quid 
chewing raises the prevalence of OSCC up to 40% 
in India and 10% in Pakistan 4. Despite extensive 
research into the pathogenesis and management 
of oral squamous cell carcinomas, the five-year 
survival rate in the last 25 years, remains same 5.

The role of Biomarkers before cancer diagnosis is the 
risk assessment and screening, along with providing 
support in diagnosis and after diagnosis, for monitor-
ing therapy, selecting additional therapy and 
detecting recurrence 6.  Numerous markers are 
identified related to tumor grading and staging as 
well as clinical course of the disease for prognosis. 
Mutation of the tumor suppressor gene p53, amplifi-
cation of the proto-oncogene like cyclinD1,7-13 
and over expression of the tyrosine kinase receptor 
that is, epidermal growth factor14-17 have been 
associated with poor prognosis 7.As an alternative, 
vaccine therapy targeting Her2/neu, a growth 
factor receptor has been actively researched to 
improve survival 8.
ErbB is also known as HER, is a family of proto-onco-

genes, tyrosine kinase growth factor receptors. It is 
responsible for cell proliferation and differentiation. 
HER family comprises four receptors; EGFR (HER1 or 
ErbB-1), ErbB-2 (HER-2 or neu), ErbB-3 (HER-3) and 
ErbB-4 (HER-4), and their over-expression is associat-
ed with progression of tumor  9,10.

An electronic article search was done using key 
words EGFR, Her/2, Her/3 and Her /4 on Google 
Scholar, PubMed and Medscape. All types of 
articles including original, review, case reports, 
clinical observational cohort studies and random-
ized controlled trials were included. About 100 
abstracts of related articles were reviewed first 
followed by selection of 70 abstracts. Full text 
articles of these were included in this review. The 
purpose of this review is to outline the role of HER 
receptors in carcinogenesis of OSCC in order to 
exploit them as therapeutic target in high risk OSCC 
patient and to prevent them from aggressive 
surgeries causing post-operative morbidity.

ErbB/ HER RECEPTORS

All ErbBs includes an extracellular ligand- binding 
domain, a single membrane-spanning region, and 
a cytoplasmic protein tyrosine kinase domain. There 
activation is controlled by the ligands which upon 
proteolysis of ectodomains, leads to shedding of 
soluble growth factors 11,12. There are three groups of 

ErbB specific ligands. The first group (ErbB1) bind 
specifically to ErbB-1 receptor and include EGF, 
amphiregulin(AR), and transforming growth factor-α 
(TGF-α). The second group has dual characteristics 
of binding to ErbB-1 as well as ErbB-4 and includes 
betacellulin(BTC) Heparin binding EGF(HB-EGF) and 
epiregulin (EPR). The third group consists of the 
neuregulins which has two subgroup depending on 
their binding capacity. Those binding to ErbB-3 and 
ErbB-4 are NRG-1 and NRG-2 while ErbB-4 binds 
NRG-3 and NRG-4.  13.(Figure-1)

The binding of ligands to ErbB receptors form homo 
and heterodimers, which activate phosphorylation 
and intrinsic kinase domain in the cytoplasmic tail, 
resulting in stimulation of intracellular pathways. No 
direct ligand to ErbB2 has been revealed as yet. 
ErbB3 having no intrinsic tyrosine kinase, dimerizes 
with another ErbB receptor 14,15. Moreover, cancer 
patients with altered ErbB receptors show more 
aggressive clinical presentation 16.

Figure 1: Role of HER family in carcinogenesis HER 1 
Receptor plays a role in cell survival by activating 
PI-3/PKB pathway while HER 2 receptor helps in cell 
proliferation and migration by activating MAPK and 
PI3K pathway. HER 3 and HER-4 promote neovascu-
larization and invasion through neuroglins respec-
tively.

ROLE OF HER RECEPTORS IN ORAL SQUAMOUS CELL 
CARCINOMA
EGFR/HER-1 Receptor

EGFR has several structural variants observed in 
human malignancies. Wikstrand et al state that, the 
most frequently detected variant of EGFR is EGFvIII, 
which is expressed in 42% of oral tumors 17. Several 
studies indicate that the incidence of EGFR muta-
tions in oral carcinoma differ between ethnic 
groups, incidence being more in Asians (7%) in com-

parison to white caucasian (4%) 18,19. Immunohisto-
chemical studies of EGFR protein staining is 
observed in 42-58% of OSCC cases20. However 
conflicting results were found in one of the study 
reporting that EGFR positive lesions present as low 
grade tumors and show no association with patient 
outcome. 21

Monoclonal antibodies directed against this recep-
tor might prove to be effective therapeutic agents 
22. When oral squamous carcinoma cells were 
pre-treated with EGF, it resulted in increased sensitiv-
ity to radiation in relation to the number of EGFRs on 
their surfaces. Antibody named Cetuximab was 
introduced having effect on tumor cells. It induces 
autophagy in several cancer cell lines, including 
oral cancer via inhibition of EGFR signaling. 

HER-2 Receptor

The HER-2/neu oncogene is found on the short arm 
of chromosome 17 23. The overexpression of HER-2 
was found to be associated with numerous types of 
human cancers like breast cancer, lung cancer, 
gastric cancer and salivary cancer 24. However, rate 
of Her-2 in OSCC is reported to be controversial, 
with reports of overexpression in 3-41% of cases (20).  
In a study done by Khan et al (2002) out of 67 OSCC 
patients 78% were negative for membrane staining, 
while only 17% showed positive results with no signifi-
cant association between HER-2/neu positivity and 
primary tumor site, T stage, N stage, tumor grade, 
recurrence, margin status, sex, race and age 25. 
Craven et al demonstrated HER-2/neu overexpres-
sion in 46% of OSCC patients by IHC but do not 
found any correlation of overexpression with clinical 
parameters 26. Beckhardt et al conducted a com-
prehensive evaluation of HER-2/neu in OSCC 
patients revealing only 6 of 38(16%) OSCC tissue 
sections with HER-2 oncoprotein over expression 23.

Stoicanescu et al (2013) analyzed HER-2 receptor 
protein expression by immunohistochemistry and 
revealed that 76.76% cases were negative, 5.17% 
were 1+,14.65% cases 2+ and only four cases were 
3+27. Other studies have also proven that HER-2 has 
no significant role in the progression of cancer 
28,29.Moreover, two studies by Riveire et al failed to 
demonstrate enhanced HER-2 transcription on 
northern blot or enhanced protein expression in IHC 
in their series of head and neck SCC 30,31. It can be 
concluded that HER2/neu has no significant role in 
OSCC and cannot be used as potential target for 
anticancer therapy.

HER-3 Receptor
HER-3 is normally present in squamous epithelium of 
head and neck squamous cell carcinoma, orophar-
ynx, esophagus, and tongue, related to increased 
metastatic potential and poor survival rates 32,33. 
Lapatinib, which is a dual EGFR/HER2 reversible 
inhibitor showed sensitivity to the “head and neck 

squamous cell carcinoma” cell lines 34. In OSCC 
gefitinib being EGFR inhibitor showed significant 
resistance to HER2 and HER3 expression but not to 
cetuximab. Pertuzumab which is the blend of 
gefitinib and the HER2-HER3 dimerization inhibitor 
provide increased growth inhibition than gefitinib 
alone 35. The process by which HER3 is sensitive to 
lapatinib but resistant to gefitinib is not identified 
yet. This concludes that HER3 expression have a 
significant role in carcinogenesis and it would be a 
rational target for anticancer therapy.

Her-4 Receptor

Her-4 is expressed in many cancer cells including 
prostate cancer, lung cancer, colon cancer, cervi-
cal cancer, and stomach cancer. Its role in tumor 
development is not clear yet, as it might have prog-
nostic significance in combination with other recep-
tors 36. The role of HER-4 in OSCC is poorly under-
stood. It does not seem to be over expressed in 
OSCC  which is also supported by a study conduct-
ed by Ekberg et al in 2004, concluding that HER 4 
might not be suitable for macromolecular targeting 
therapy 32. 

CONCLUSION

The HER- family is associated with many intracellular 
pathways like cell proliferation, differentiation, 
migration and survival. Genetic alterations like gene 
amplification, deletion or co/over-expression of 
these receptors can lead to tumor progres-
sion.HER-1 being overexpressed in 42-58% of cases 
have an important role not only in early diagnosis 
but also in prognostic evaluation and treatment 
planning. This could prove to be an effective thera-
peutic agent against OSCC patients. The over 
expression of HER-2 in OSCC varies from 3-41% and 
does not co-relate well with clinic-pathological 
parameters, and cannot be regarded as a poten-
tial biomarker for treatment modalities. On the other 
hand, HER-3 has increased metastatic potential 
and poor survival, so it could be a target for 
anti-cancer therapy. The role of HER-4 has not yet 
been explored in OSCC
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Table 1: Characteristics of OSCC patients.

Differences in histopathological grading of OSCC 
with age is shown in Table 2. Moderately differenti-
ated OSCC was predominant histopathological 
differentiation in 30-39 years (19; 46.3%), 40-49 years 
(16; 43.2%), 60-69 years (12; 48%) and 20-29 years (7; 
100%) age groups. While poorly differentiated 
OSCC was predominantly seen (17; 60.7%) in 50-59 
years age group (Table 2).

Table 2:  Associtation of histopathological grades of 
OSCC with different age groups

Table 3 shows the correlation between frequencies 
of cigarettes, gutka and pan consumption and 
histopathological differentiation. Moderately differ-
entiated OSCC was more common in patients who 
smoked 5-15 cigarettes per day (24; 40%) and those 
who consumed 5-15 packets of gutka per day (39; 
49.4%). For pan consumers (with frequency of 5-15 
pans per day) both moderately differentiated (39; 
42%) and poorly differentiated OSCC (40; 43%) had 
equal distribution.

Poorly differentiated OSCC was the predominant 
histopathological grade for cigarette smokers (> 15 
cigarette / day) (20; 48.7%) and gutka users (> 15 
packets / day) (25; 64.1%). For pan users (> 15 pan / 
day), both well differentiated (9; 40.9%) and moder-
ately differentiated OSCC (8; 36.4%) showed equal 
distribution (Table 3).

Table 3: Correlation between frequency of ciga-
rettes, gutka, pan consumption and histopathologi-
cal differentiation in OSCC patients.

DISCUSSION

Gender, wise distribution in our study revealed male 
preponderance with 108 (78.3%) male and 30 
(21.7%) female OSCC patients. This could be due to 
higher consumption of gutka, pan and cigarette 
smoking in male gender which is consistent with 
findings of other studies 11, 12. In contrast, a study 
conducted in Lahore observed an equal preva-
lence of OSSC in both genders 13. However, in some 
parts of the world the incidence of OSCC in females 
is increasing, possibly due to of their increasing 
indulgence in high-risk habits 14.

The habits of smoking, gutka and pan are also 
popular in younger age groups due to attractive 
appearance, low prices and easy availability of 
these products, supported by deficiency of knowl-
edge about their devastating effects. In the present 
study, the age of patients ranged from 20 to 69 
years with the peak age range of OSCC occur-
rence in the 30-39 years (41; 29.7%). This finding is in 
agreement with a study carried out in Taiwan 15. 
Similarly, a study in India reported a high incidence 
of OSCC below 40 years of age 16. In contrast a 
research conducted in an Indian population report-
ed greater incidence in the age range of 51-60 
years 17. While another study reported the average 
age of diagnosis of oral malignancy as 62 years 18.
 
Majority of OSCC patients were Muhajirs (Urdu 
speaking people) (55.8%). Urdu speaking people 
have migrated from India at the time of partition 
and have retained their social and cultural heritage 
19. This is in accordance with the researches done in 
Karachi, which also confirms that malignancy was 
predominant amongst the Mohajirs 14, 20. 

In our study the most common site of involvement 
was the buccal mucosa (58.0%) followed by tongue 
(17.4%). These findings are consistent with other 
studies carried out in this region 21, 22. In some Asian 
countries such as Thailand, Taiwan and India, 
buccal mucosa was also found to be the most 
common site of involvement 23. In contrast, tongue is 
the most commonly affected site of oral cancers in 
western countries as tobacco smoking is more prev-
alent than tobacco chewing (9). Similarly, in Iran, 
UK, and Srilanka, the most common site of involve-

ment was the tongue 24,25,26. This difference seems to 
be related to different habits 27.

The histopathological distribution of OSCC in our 
study indicated a clear predominance of moder-
ately differentiated carcinoma (n=19) in 30-39 year 
age group. A research done in Thailand revealed 
that most of the OSCC tumors were moderate to 
well differentiated carcinoma, in patients younger 
than 45 year 28. Similarly, a study conducted in Kara-
chi revealed equal distribution of well-differentiated 
and moderately differentiated carcinoma with age 
ranges between 21-40 years 29. In contrast a study 
conducted in Iran reported majority of cases were 
diagnosed as well differentiated carcinoma with 
age ranges of 20-40 years 24.

In our study risk factors were smoking, gutka and 
pan. Tobacco smokers have a 27 fold higher risk of 
developing Oral squamous cell carcinoma as com-
pared to non-smokers 30. Tobacco-specific nitrosa-
mines (N-nitroso compounds) play a major role in 
the malignant transformation of oral squamous cell 
carcinoma 6. In our study subjects who consumed 
more than 15 cigarettes per day 48.7% (n=20) are 
significantly associated with poorly differentiated 
carcinoma. This is consistent with a study conduct-
ed in Brazil, demonstrating 18.8% of smokers who 
consumed more than 20 cigarettes per day had 
poorly differentiated carcinoma (40.4%) 31. Muange 
et al., reported cigarette smoking in 60% of cases, 
with poorly differentiated carcinoma (48.8%) 32. 
Degree of low differentiation risk increased with 
increasing number of cigarette smoked 33.

An industrially prepared mixture of areca nut, slaked 
lime, catechin containing substance, sandalwood 
fragrance and tobacco is known as Gutka which is 
kept in the buccal pouches for long periods and its 
juices are sucked in. This leads to significant expo-
sure of the subjected mucosa to carcinogens 7. In 
our study subjects who consumed gutka more than 
15 packets per day are significantly associated with 
poorly differentiated carcinoma (25; 64.1%). In 
contrast, a study conducted in Karachi reported 
60% of cases as well differentiated carcinoma 34 
.Similar findings were seen in a study where, gutka 
users (70%) showed 66% of well differentiated carci-
noma 35. While another Indian study conducted by 
Bhat et al., showed 52% of gutka consumers in 
which 47% were confirmed as well differentiated 
carcinoma 36. These studies have not mentioned the 
details about frequency and duration of consump-
tion of these products and we assume that 
prolonged use of these products in our patients has 
resulted in poorly differentiated OSCC37. People get 
addicted to gutka as it is reported to have stimulant 
and relaxation effects. When a person chews 
gutka, the mixture directly enters the system through 
the oral cavity 38. While in the case of smoking, the 
harmful chemicals reach the lungs and so smoking 
is 90% related with lung cancer 39. 

Betel quid (BQ) chewing is an ancient ethnic prac-
tice in Southeast Asian countries. Betel quid is 
chewed owing to its medicinal properties 37 and as 
a symbol of social life. Betel Quid in Pakistan and 
India is called ‘Pan’. The components of pan are 
betel leaf (Piper betel), areca nut (Areca catechu) 
also called betel nut and slaked lime (calcium 
hydroxide). Further use of tobacco and other spices 
are dependent on the individual’s choice. The 
major components of the areca nut are fats, carbo-
hydrates, fiber, proteins, polyphenols (flavonolsand-
tannins), minerals and alkaloids 40. Nitrosamines are 
generated by nitrosation of the alkaloids in stored 
dried nuts and when in the mouth, especially in the 
acid environment, in the presence of nitric oxide 
generated by bacteria 41. BQ chewing forms reac-
tive oxygen species (ROS) that is harmful to oral 
mucosa under an alkaline environment during the 
auto oxidation of areca nut (AN) polyphenols. 
Slaked lime is mainly calcium hydroxide. In coastal 
areas of Sri Lanka, slaked lime is produced by heat-
ing sea shells and in the islands of the Pacific it is 
discovered from limestone. When it is added in pan 
it creates erosion of oral mucosa and allow pene-
tration of betel quid carcinogens through mucous 
membrane 42.  

 In our study subjects who consumed 5- 15 pans per 
day were significantly associated with poorly differ-
entiated carcinoma (40; 40%). In contrast, Znoar et 
al., in India reported majority of subjects with well 
differentiated carcinoma (48.3%) 43. This is in accor-
dance with a study conducted in Karachi, in which 
86.7% of patients had history of pan consumption, 
and well-differentiated type was prevalent histolog-
ical pattern 29.  OSCC patients with pan habits 
showed a greater tendency for structural changes 
in the oral epithelium and hence may be at a 
higher risk of getting converted to malignancy. 

CONCLUSION
 

Outcomes of the present study revealed associa-
tion between frequency of risk factors (cigarette, 
gutka and pan) with histopathological pattern. In 
Pakistan the usage of gutka, pan along with ciga-
rettes is prevalent because they are easily available 
from roadside shops for a very cheap amount. 
There is an essential requirement for establishing 
regarding awareness campaign in all age groups, 
against the consumption of these addictive prod-
ucts, in order to lower the incidence of OSCC.
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INTRODUCTION

Worldwide, Oral squamous cell carcinoma (OSCC) 
is classified as sixth most common cancer 1, contrib-
uting to about 5% of all cancers in the Western 
World 2, whereas, OSCC is the main cause of mortal-
ity and morbidity in South East Asian countries 3. The 
cultural practices like tobacco and betel quid 
chewing raises the prevalence of OSCC up to 40% 
in India and 10% in Pakistan 4. Despite extensive 
research into the pathogenesis and management 
of oral squamous cell carcinomas, the five-year 
survival rate in the last 25 years, remains same 5.

The role of Biomarkers before cancer diagnosis is the 
risk assessment and screening, along with providing 
support in diagnosis and after diagnosis, for monitor-
ing therapy, selecting additional therapy and 
detecting recurrence 6.  Numerous markers are 
identified related to tumor grading and staging as 
well as clinical course of the disease for prognosis. 
Mutation of the tumor suppressor gene p53, amplifi-
cation of the proto-oncogene like cyclinD1,7-13 
and over expression of the tyrosine kinase receptor 
that is, epidermal growth factor14-17 have been 
associated with poor prognosis 7.As an alternative, 
vaccine therapy targeting Her2/neu, a growth 
factor receptor has been actively researched to 
improve survival 8.
ErbB is also known as HER, is a family of proto-onco-

genes, tyrosine kinase growth factor receptors. It is 
responsible for cell proliferation and differentiation. 
HER family comprises four receptors; EGFR (HER1 or 
ErbB-1), ErbB-2 (HER-2 or neu), ErbB-3 (HER-3) and 
ErbB-4 (HER-4), and their over-expression is associat-
ed with progression of tumor  9,10.

An electronic article search was done using key 
words EGFR, Her/2, Her/3 and Her /4 on Google 
Scholar, PubMed and Medscape. All types of 
articles including original, review, case reports, 
clinical observational cohort studies and random-
ized controlled trials were included. About 100 
abstracts of related articles were reviewed first 
followed by selection of 70 abstracts. Full text 
articles of these were included in this review. The 
purpose of this review is to outline the role of HER 
receptors in carcinogenesis of OSCC in order to 
exploit them as therapeutic target in high risk OSCC 
patient and to prevent them from aggressive 
surgeries causing post-operative morbidity.

ErbB/ HER RECEPTORS

All ErbBs includes an extracellular ligand- binding 
domain, a single membrane-spanning region, and 
a cytoplasmic protein tyrosine kinase domain. There 
activation is controlled by the ligands which upon 
proteolysis of ectodomains, leads to shedding of 
soluble growth factors 11,12. There are three groups of 

ErbB specific ligands. The first group (ErbB1) bind 
specifically to ErbB-1 receptor and include EGF, 
amphiregulin(AR), and transforming growth factor-α 
(TGF-α). The second group has dual characteristics 
of binding to ErbB-1 as well as ErbB-4 and includes 
betacellulin(BTC) Heparin binding EGF(HB-EGF) and 
epiregulin (EPR). The third group consists of the 
neuregulins which has two subgroup depending on 
their binding capacity. Those binding to ErbB-3 and 
ErbB-4 are NRG-1 and NRG-2 while ErbB-4 binds 
NRG-3 and NRG-4.  13.(Figure-1)

The binding of ligands to ErbB receptors form homo 
and heterodimers, which activate phosphorylation 
and intrinsic kinase domain in the cytoplasmic tail, 
resulting in stimulation of intracellular pathways. No 
direct ligand to ErbB2 has been revealed as yet. 
ErbB3 having no intrinsic tyrosine kinase, dimerizes 
with another ErbB receptor 14,15. Moreover, cancer 
patients with altered ErbB receptors show more 
aggressive clinical presentation 16.

Figure 1: Role of HER family in carcinogenesis HER 1 
Receptor plays a role in cell survival by activating 
PI-3/PKB pathway while HER 2 receptor helps in cell 
proliferation and migration by activating MAPK and 
PI3K pathway. HER 3 and HER-4 promote neovascu-
larization and invasion through neuroglins respec-
tively.

ROLE OF HER RECEPTORS IN ORAL SQUAMOUS CELL 
CARCINOMA
EGFR/HER-1 Receptor

EGFR has several structural variants observed in 
human malignancies. Wikstrand et al state that, the 
most frequently detected variant of EGFR is EGFvIII, 
which is expressed in 42% of oral tumors 17. Several 
studies indicate that the incidence of EGFR muta-
tions in oral carcinoma differ between ethnic 
groups, incidence being more in Asians (7%) in com-

parison to white caucasian (4%) 18,19. Immunohisto-
chemical studies of EGFR protein staining is 
observed in 42-58% of OSCC cases20. However 
conflicting results were found in one of the study 
reporting that EGFR positive lesions present as low 
grade tumors and show no association with patient 
outcome. 21

Monoclonal antibodies directed against this recep-
tor might prove to be effective therapeutic agents 
22. When oral squamous carcinoma cells were 
pre-treated with EGF, it resulted in increased sensitiv-
ity to radiation in relation to the number of EGFRs on 
their surfaces. Antibody named Cetuximab was 
introduced having effect on tumor cells. It induces 
autophagy in several cancer cell lines, including 
oral cancer via inhibition of EGFR signaling. 

HER-2 Receptor

The HER-2/neu oncogene is found on the short arm 
of chromosome 17 23. The overexpression of HER-2 
was found to be associated with numerous types of 
human cancers like breast cancer, lung cancer, 
gastric cancer and salivary cancer 24. However, rate 
of Her-2 in OSCC is reported to be controversial, 
with reports of overexpression in 3-41% of cases (20).  
In a study done by Khan et al (2002) out of 67 OSCC 
patients 78% were negative for membrane staining, 
while only 17% showed positive results with no signifi-
cant association between HER-2/neu positivity and 
primary tumor site, T stage, N stage, tumor grade, 
recurrence, margin status, sex, race and age 25. 
Craven et al demonstrated HER-2/neu overexpres-
sion in 46% of OSCC patients by IHC but do not 
found any correlation of overexpression with clinical 
parameters 26. Beckhardt et al conducted a com-
prehensive evaluation of HER-2/neu in OSCC 
patients revealing only 6 of 38(16%) OSCC tissue 
sections with HER-2 oncoprotein over expression 23.

Stoicanescu et al (2013) analyzed HER-2 receptor 
protein expression by immunohistochemistry and 
revealed that 76.76% cases were negative, 5.17% 
were 1+,14.65% cases 2+ and only four cases were 
3+27. Other studies have also proven that HER-2 has 
no significant role in the progression of cancer 
28,29.Moreover, two studies by Riveire et al failed to 
demonstrate enhanced HER-2 transcription on 
northern blot or enhanced protein expression in IHC 
in their series of head and neck SCC 30,31. It can be 
concluded that HER2/neu has no significant role in 
OSCC and cannot be used as potential target for 
anticancer therapy.

HER-3 Receptor
HER-3 is normally present in squamous epithelium of 
head and neck squamous cell carcinoma, orophar-
ynx, esophagus, and tongue, related to increased 
metastatic potential and poor survival rates 32,33. 
Lapatinib, which is a dual EGFR/HER2 reversible 
inhibitor showed sensitivity to the “head and neck 

squamous cell carcinoma” cell lines 34. In OSCC 
gefitinib being EGFR inhibitor showed significant 
resistance to HER2 and HER3 expression but not to 
cetuximab. Pertuzumab which is the blend of 
gefitinib and the HER2-HER3 dimerization inhibitor 
provide increased growth inhibition than gefitinib 
alone 35. The process by which HER3 is sensitive to 
lapatinib but resistant to gefitinib is not identified 
yet. This concludes that HER3 expression have a 
significant role in carcinogenesis and it would be a 
rational target for anticancer therapy.

Her-4 Receptor

Her-4 is expressed in many cancer cells including 
prostate cancer, lung cancer, colon cancer, cervi-
cal cancer, and stomach cancer. Its role in tumor 
development is not clear yet, as it might have prog-
nostic significance in combination with other recep-
tors 36. The role of HER-4 in OSCC is poorly under-
stood. It does not seem to be over expressed in 
OSCC  which is also supported by a study conduct-
ed by Ekberg et al in 2004, concluding that HER 4 
might not be suitable for macromolecular targeting 
therapy 32. 

CONCLUSION

The HER- family is associated with many intracellular 
pathways like cell proliferation, differentiation, 
migration and survival. Genetic alterations like gene 
amplification, deletion or co/over-expression of 
these receptors can lead to tumor progres-
sion.HER-1 being overexpressed in 42-58% of cases 
have an important role not only in early diagnosis 
but also in prognostic evaluation and treatment 
planning. This could prove to be an effective thera-
peutic agent against OSCC patients. The over 
expression of HER-2 in OSCC varies from 3-41% and 
does not co-relate well with clinic-pathological 
parameters, and cannot be regarded as a poten-
tial biomarker for treatment modalities. On the other 
hand, HER-3 has increased metastatic potential 
and poor survival, so it could be a target for 
anti-cancer therapy. The role of HER-4 has not yet 
been explored in OSCC
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Table 1: Characteristics of OSCC patients.

Differences in histopathological grading of OSCC 
with age is shown in Table 2. Moderately differenti-
ated OSCC was predominant histopathological 
differentiation in 30-39 years (19; 46.3%), 40-49 years 
(16; 43.2%), 60-69 years (12; 48%) and 20-29 years (7; 
100%) age groups. While poorly differentiated 
OSCC was predominantly seen (17; 60.7%) in 50-59 
years age group (Table 2).

Table 2:  Associtation of histopathological grades of 
OSCC with different age groups

Table 3 shows the correlation between frequencies 
of cigarettes, gutka and pan consumption and 
histopathological differentiation. Moderately differ-
entiated OSCC was more common in patients who 
smoked 5-15 cigarettes per day (24; 40%) and those 
who consumed 5-15 packets of gutka per day (39; 
49.4%). For pan consumers (with frequency of 5-15 
pans per day) both moderately differentiated (39; 
42%) and poorly differentiated OSCC (40; 43%) had 
equal distribution.

Poorly differentiated OSCC was the predominant 
histopathological grade for cigarette smokers (> 15 
cigarette / day) (20; 48.7%) and gutka users (> 15 
packets / day) (25; 64.1%). For pan users (> 15 pan / 
day), both well differentiated (9; 40.9%) and moder-
ately differentiated OSCC (8; 36.4%) showed equal 
distribution (Table 3).

Table 3: Correlation between frequency of ciga-
rettes, gutka, pan consumption and histopathologi-
cal differentiation in OSCC patients.

DISCUSSION

Gender, wise distribution in our study revealed male 
preponderance with 108 (78.3%) male and 30 
(21.7%) female OSCC patients. This could be due to 
higher consumption of gutka, pan and cigarette 
smoking in male gender which is consistent with 
findings of other studies 11, 12. In contrast, a study 
conducted in Lahore observed an equal preva-
lence of OSSC in both genders 13. However, in some 
parts of the world the incidence of OSCC in females 
is increasing, possibly due to of their increasing 
indulgence in high-risk habits 14.

The habits of smoking, gutka and pan are also 
popular in younger age groups due to attractive 
appearance, low prices and easy availability of 
these products, supported by deficiency of knowl-
edge about their devastating effects. In the present 
study, the age of patients ranged from 20 to 69 
years with the peak age range of OSCC occur-
rence in the 30-39 years (41; 29.7%). This finding is in 
agreement with a study carried out in Taiwan 15. 
Similarly, a study in India reported a high incidence 
of OSCC below 40 years of age 16. In contrast a 
research conducted in an Indian population report-
ed greater incidence in the age range of 51-60 
years 17. While another study reported the average 
age of diagnosis of oral malignancy as 62 years 18.
 
Majority of OSCC patients were Muhajirs (Urdu 
speaking people) (55.8%). Urdu speaking people 
have migrated from India at the time of partition 
and have retained their social and cultural heritage 
19. This is in accordance with the researches done in 
Karachi, which also confirms that malignancy was 
predominant amongst the Mohajirs 14, 20. 

In our study the most common site of involvement 
was the buccal mucosa (58.0%) followed by tongue 
(17.4%). These findings are consistent with other 
studies carried out in this region 21, 22. In some Asian 
countries such as Thailand, Taiwan and India, 
buccal mucosa was also found to be the most 
common site of involvement 23. In contrast, tongue is 
the most commonly affected site of oral cancers in 
western countries as tobacco smoking is more prev-
alent than tobacco chewing (9). Similarly, in Iran, 
UK, and Srilanka, the most common site of involve-

ment was the tongue 24,25,26. This difference seems to 
be related to different habits 27.

The histopathological distribution of OSCC in our 
study indicated a clear predominance of moder-
ately differentiated carcinoma (n=19) in 30-39 year 
age group. A research done in Thailand revealed 
that most of the OSCC tumors were moderate to 
well differentiated carcinoma, in patients younger 
than 45 year 28. Similarly, a study conducted in Kara-
chi revealed equal distribution of well-differentiated 
and moderately differentiated carcinoma with age 
ranges between 21-40 years 29. In contrast a study 
conducted in Iran reported majority of cases were 
diagnosed as well differentiated carcinoma with 
age ranges of 20-40 years 24.

In our study risk factors were smoking, gutka and 
pan. Tobacco smokers have a 27 fold higher risk of 
developing Oral squamous cell carcinoma as com-
pared to non-smokers 30. Tobacco-specific nitrosa-
mines (N-nitroso compounds) play a major role in 
the malignant transformation of oral squamous cell 
carcinoma 6. In our study subjects who consumed 
more than 15 cigarettes per day 48.7% (n=20) are 
significantly associated with poorly differentiated 
carcinoma. This is consistent with a study conduct-
ed in Brazil, demonstrating 18.8% of smokers who 
consumed more than 20 cigarettes per day had 
poorly differentiated carcinoma (40.4%) 31. Muange 
et al., reported cigarette smoking in 60% of cases, 
with poorly differentiated carcinoma (48.8%) 32. 
Degree of low differentiation risk increased with 
increasing number of cigarette smoked 33.

An industrially prepared mixture of areca nut, slaked 
lime, catechin containing substance, sandalwood 
fragrance and tobacco is known as Gutka which is 
kept in the buccal pouches for long periods and its 
juices are sucked in. This leads to significant expo-
sure of the subjected mucosa to carcinogens 7. In 
our study subjects who consumed gutka more than 
15 packets per day are significantly associated with 
poorly differentiated carcinoma (25; 64.1%). In 
contrast, a study conducted in Karachi reported 
60% of cases as well differentiated carcinoma 34 
.Similar findings were seen in a study where, gutka 
users (70%) showed 66% of well differentiated carci-
noma 35. While another Indian study conducted by 
Bhat et al., showed 52% of gutka consumers in 
which 47% were confirmed as well differentiated 
carcinoma 36. These studies have not mentioned the 
details about frequency and duration of consump-
tion of these products and we assume that 
prolonged use of these products in our patients has 
resulted in poorly differentiated OSCC37. People get 
addicted to gutka as it is reported to have stimulant 
and relaxation effects. When a person chews 
gutka, the mixture directly enters the system through 
the oral cavity 38. While in the case of smoking, the 
harmful chemicals reach the lungs and so smoking 
is 90% related with lung cancer 39. 

Betel quid (BQ) chewing is an ancient ethnic prac-
tice in Southeast Asian countries. Betel quid is 
chewed owing to its medicinal properties 37 and as 
a symbol of social life. Betel Quid in Pakistan and 
India is called ‘Pan’. The components of pan are 
betel leaf (Piper betel), areca nut (Areca catechu) 
also called betel nut and slaked lime (calcium 
hydroxide). Further use of tobacco and other spices 
are dependent on the individual’s choice. The 
major components of the areca nut are fats, carbo-
hydrates, fiber, proteins, polyphenols (flavonolsand-
tannins), minerals and alkaloids 40. Nitrosamines are 
generated by nitrosation of the alkaloids in stored 
dried nuts and when in the mouth, especially in the 
acid environment, in the presence of nitric oxide 
generated by bacteria 41. BQ chewing forms reac-
tive oxygen species (ROS) that is harmful to oral 
mucosa under an alkaline environment during the 
auto oxidation of areca nut (AN) polyphenols. 
Slaked lime is mainly calcium hydroxide. In coastal 
areas of Sri Lanka, slaked lime is produced by heat-
ing sea shells and in the islands of the Pacific it is 
discovered from limestone. When it is added in pan 
it creates erosion of oral mucosa and allow pene-
tration of betel quid carcinogens through mucous 
membrane 42.  

 In our study subjects who consumed 5- 15 pans per 
day were significantly associated with poorly differ-
entiated carcinoma (40; 40%). In contrast, Znoar et 
al., in India reported majority of subjects with well 
differentiated carcinoma (48.3%) 43. This is in accor-
dance with a study conducted in Karachi, in which 
86.7% of patients had history of pan consumption, 
and well-differentiated type was prevalent histolog-
ical pattern 29.  OSCC patients with pan habits 
showed a greater tendency for structural changes 
in the oral epithelium and hence may be at a 
higher risk of getting converted to malignancy. 

CONCLUSION
 

Outcomes of the present study revealed associa-
tion between frequency of risk factors (cigarette, 
gutka and pan) with histopathological pattern. In 
Pakistan the usage of gutka, pan along with ciga-
rettes is prevalent because they are easily available 
from roadside shops for a very cheap amount. 
There is an essential requirement for establishing 
regarding awareness campaign in all age groups, 
against the consumption of these addictive prod-
ucts, in order to lower the incidence of OSCC.

REFERENCES

1. Warnakulasuriya S. Global epidemiology of oral 
and oropharyngeal cancer .Oral Oncology 2009; 
45: 309–16.
2. Siegel RL, Miller KD, Jemal A. CA Cancer J Clin 
2015; 65(1):5-29.
3. Siddiqui IA, Farooq MU, Siddiqui RA, Rafi SMT. Role 

of toluidine blue in early detection of oral cancer. 
Pak J Med Sci 2006; 22:184-87.
4. Choi S, Myers JN. Molecular pathogenesis of oral 
squamous cell carcinoma: implications of therapy. J 
Dent Res.2008; 87:14-32.
5. Haq ME, Abid H, Hanif MK, Warraich RA, Mah-
mood HS, Saddique K. Frequency and Pattern of 
Oral and Maxillo-facial Carcinomas. Annals KEMU 
2009; 15:171-75.
6. Patel BP1, Rawal UM, Shah PM, Prajapati JA, 
Rawal RM, Dave TK, et al. Study of tobacco habits 
and alterations in enzymatic antioxidant system in 
oral cancer. Oncology 2005; 68:511-19.
7. Khan MA, Saleem S, Shahid SM, Hameed A, 
Qureshi NR, Abbasi Z, et al. Pak. Prevalence of oral 
squamous cell carcinoma (OSCC) in relation to 
different chewing habits in Karachi, Pakistan. Pak. J. 
Biochem. Mol. Biol 2012; 45(2): 59-63.
8. Daftary DK, Murti PR, Bhonsle RB, Gupta PC, 
Mehta FS, Pindborg JJ. Oral precancerous lesions 
and conditions of tropical interest. In: Oral diseases 
in the tropics. Oxford Medical Publications 
1992:402-28.
9. Omar AE. The outline of prognosis and new 
advances in diagnosis of oral squamous cell carci-
noma (OSCC): Review of the literature. Journal of 
Oral Oncology 2013; 1-13. 
10. Richardson M S, Barnes L, Carison D L, Chan J, 
Ellis G, Harrison LB, et al. Protocol for the examina-
tion of specimens from patients with carcinomas of 
the lip and oral cavity. CAP 2012:1-27.
11. Zini A, Czerninski R, Cohen SG. Oral cancer over 
four decades: epidemiology, trends, histology, and 
survival by anatomical sites. J Oral Pathol Med 2010; 
39: 299–305.
12. Bhurgri Y1, Rahim A, Bhutto K, Bhurgri A, Pinjani 
PK, Usman A, et al. Incidence of carcinoma of the 
oral cavity in Karachi – district south. J Pak Med 
Assoc 1998; 48(11):321-5.
13. Zulfiqar A, Nagi AH, Nasim N. A clinicopathologi-
cal study of orofacial squamous cell carcinoma in 
local population. Biomedica 2013; 29: 147-50.
14. Johnson NW, Jayasekara P, Amarasinghe AA. 
Squamous cell carcinoma and precursor lesions of 
the oral cavity: Epidemiology and aetiology. 
Periodontol 2000 2011; 57:19-37.
15. Chiang W F, Yen C Y, Liu S Y. Squamous cell carci-
noma of the oral cavity in young patients. Chin J 
Oral Maxillofac Surg 2005; 16: 8-16.
16. Udeabor SE, Rana M, Wegener G, et al. Squa-
mous cell carcinoma of the oral cavity and the 
oropharynx in patients less than 40 years of age: a 
20-year analysis. Head Neck Oncol 2012; 4:1-7.
17. Dhar PK, Rao TM, Nair NS et al. Identification of 
risk factors for specific subsites within the oral 
andoropharyngeal region- a study of 647cancer 
patients. Indian J cancer 2000; 37: 114-22.
18. Dias GS, Almeida AP. A histological and clinical 
study on oral cancer: descriptive analyses of 365 
cases. Med Oral Patol Oral Cir Bucal 2007; 
12(7):474-8.
19. Bhurgri Y1, Bhurgri A, Hussainy AS, Usman A, Faridi 

N, Malik J, et al. Cancer of the oral cavity and phar-
ynx in Karachi - Identification of potential risk 
factors. Asian Pac J Cancer Prev 2003; 4(2):125-30.
20. Mazahir S, Malik R, Maqsood M, Merchant K A, 
Malik F, Majeed A, et al. Socio-demographic 
correlates of betel, areca and smokeless tobacco 
use as a high risk behavior for head and neck 
cancers in a squatter settlement of Karachi, 
Pakistan. Bio Med Central 2006; 1:1-6.
21. Zakai MA, Aziz M, Jafri F. A profile of oral cancer 
presenting at ASH. An Abbassi Shaheed Hosp Kara-
chi Med Dent Coll 2002; 7: 352-53.
22. Wahid A, Ahmad S, Sajjad M. Pattern of carcino-
ma of oral cavity reporting at dental department of 
Ayub medical college. J Ayub Med Coll Abbotta-
bad 2005; 17(1):65-6.
23. Kaminagakura E,Villa LL,Andreoli MA, Sobrinho 
JS, Vartanian JG, Soares FA.High-risk human papillo-
mavirus in oral squamous cell carcinoma of young 
patients. Int J Cancer 2012; 130(8):1726-32
24. Falaki F, Dalirsani Z, Pakfetrat A, Falaki A, Saghra-
vanian N, Nosratzehi T, Clinical and histopathologi-
cal analysis of oral squamous cell carcinoma of 
young patients in Mashhad, Iran: A retrospective 
study and review of literatures. Med Oral Patol Oral 
Cir Bucal 2011; 16 (4):473-7.
25. Sasaki T, Moles DR, Imai Y, Speight PM. 
Clinico-pathological features of squamous cell 
carcinoma of the oral cavity in patients <40 years of 
age. J Oral Pathol Med 2005; 34:129-33.
26. Siriwardena BS, Tilakaratne A, Amaratunga EA, 
Tilakaratne WM. Demographic, aetiological and 
survival differences of oral squamous cell carcino-
ma in the young and the old in Sri Lanka. Oral Oncol 
2006; 42:831-6.
27. Andisheh -Tadbir A, Mehrabani D, Heydari ST. 
Epidemiology of squamous cell carcinoma of the 
oral cavity in Iran. J Craniofac Surg 2008; 
19:1699-702.
28. Iamaroon A, Pattanaporn K, Pongsiriwet S, 
Wanachantararak S, Prapayasatok S, Jittidecharaks 
S, et al. Analysis of 587 cases of oral squamous cell 
carcinoma in northern Thailand with a focus on 
young people. Int J Oral Maxillofac Surg 2004; 
33:84-8.
29. Shafique S, Haider SM, Ali Z. Histological patterns 
and clinical presentation of oral squamous cell 
carcinoma. J Pak Dent Assoc 2010; 19(3): 171-76.
30. Jerjes W, Upile T, Radhi H, Petri A, Abiola J, Adams 
A. The effect of tobacco and alcohol and their 
reduction /cessation on mortality in oral cancer 
patients: short communication. Head Neck Oncol 
2012; 4:1-5.    
3. Bernardes VF, Gleber-Netto FO, Sousa SF, Rocha 
RM, Aguiar MC. EGFR status in oral squamous cell 
carcinoma: comparing immunohistochemistry, FISH 
and CISH detection in a case series study. BMJ 
Open 2013; 3(1):1-7.
32. MuangeP, Chindia M, Njiru W,  Dimba E,  
MutaveR. Oral squamous cell carcinoma: A 
6-MonthClinico-Histopathologic Audit in a Kenyan 
Population. Open Journal of stomatology 2014; 

4:475-83.
33- Wang X, Xu J, Wang L, Liu C, Wang H. The role of 
cigarette smoking and alcohol consumption in the 
differentiation of oral squamous cell carcinoma for 
the males in China. J Cancer Res Ther 2015; 
11(1):141-5.
34- Akram S, MirzaT, Mirza MA, Qureshi M. Emerging 
patterns in clinico-pathological spectrum of Oral 
Canc. Pak J Med Sci 2013; 29(3): 783–87.
35- Memon IM, Iqbal SM, Hussain SI, Baig MN. 
Pattern of oral malignancies at tertiary care hospi-
tals. Pak J Surg 2014; 30(3):268-71.
36- Bhat SP, Naik RCN,  Swetadri GK, Souza HD, 
Jayaprakash C S, Bhat V. Clinicopathological spec-
trum of malignancies of oral cavity and oropharynx- 
our experience in a referral hospital. World articles in 
Ear, Nose and Throat 2010; 3 (2):1-5.
37-Raghavan V, Baruah HK. Areca nut: India’s 
popular masticatory history, chemistry and utiliza-
tion. Econ botany 1958; 12:315-45.
38- Willis DN, Popovech MA, Gany F, Hoffman C, 
Jason L. Blum J L, et al. Toxicity of Gutkha, a Smoke-

less Tobacco Product Gone Global: Is There More to 
the Toxicity than Nicotine. Int J Environ Res Public 
Health 2014; 11(1): 919–33.
39- White C. Research on smoking and lung cancer: 
a landmark in the history of chronic diseases. Yale 
Journal of Biology and Medicine 1990; 63(1):29–46. 
40- Mack T. The new pan-Asian pan problem. 
Lancet 2001; 357:1638-9.
41- Rajani A, Boucher BJ, Gajalakshmi V, Gupta PC, 
Nair J, Chen TH, et al . Betel-quid and areca-nut 
chewing and some areca-nut related nitrosamines. 
IARC Monogr Eval Carcinog Risks Hum. 2004; 
85:1-334.
42- Merchant A, Husain SS, Hosain M, et al. Pan 
without tobacco: an independent risk factor for oral 
cancer. Int J Canccr 2000; 86:128-31.
43- Znaor A, Brennan P, Gajalakshmi V, Mathew A, 
Shanta V, Varghese C. Independent and combined 
effects of tobacco smoking, chewing and alcohol 
drinking on the risk of oral, pharyngeal and esopha-
geal cancers in Indian men. Int J Cancer 2003; 
10:681-86.

INTRODUCTION

Worldwide, Oral squamous cell carcinoma (OSCC) 
is classified as sixth most common cancer 1, contrib-
uting to about 5% of all cancers in the Western 
World 2, whereas, OSCC is the main cause of mortal-
ity and morbidity in South East Asian countries 3. The 
cultural practices like tobacco and betel quid 
chewing raises the prevalence of OSCC up to 40% 
in India and 10% in Pakistan 4. Despite extensive 
research into the pathogenesis and management 
of oral squamous cell carcinomas, the five-year 
survival rate in the last 25 years, remains same 5.

The role of Biomarkers before cancer diagnosis is the 
risk assessment and screening, along with providing 
support in diagnosis and after diagnosis, for monitor-
ing therapy, selecting additional therapy and 
detecting recurrence 6.  Numerous markers are 
identified related to tumor grading and staging as 
well as clinical course of the disease for prognosis. 
Mutation of the tumor suppressor gene p53, amplifi-
cation of the proto-oncogene like cyclinD1,7-13 
and over expression of the tyrosine kinase receptor 
that is, epidermal growth factor14-17 have been 
associated with poor prognosis 7.As an alternative, 
vaccine therapy targeting Her2/neu, a growth 
factor receptor has been actively researched to 
improve survival 8.
ErbB is also known as HER, is a family of proto-onco-

genes, tyrosine kinase growth factor receptors. It is 
responsible for cell proliferation and differentiation. 
HER family comprises four receptors; EGFR (HER1 or 
ErbB-1), ErbB-2 (HER-2 or neu), ErbB-3 (HER-3) and 
ErbB-4 (HER-4), and their over-expression is associat-
ed with progression of tumor  9,10.

An electronic article search was done using key 
words EGFR, Her/2, Her/3 and Her /4 on Google 
Scholar, PubMed and Medscape. All types of 
articles including original, review, case reports, 
clinical observational cohort studies and random-
ized controlled trials were included. About 100 
abstracts of related articles were reviewed first 
followed by selection of 70 abstracts. Full text 
articles of these were included in this review. The 
purpose of this review is to outline the role of HER 
receptors in carcinogenesis of OSCC in order to 
exploit them as therapeutic target in high risk OSCC 
patient and to prevent them from aggressive 
surgeries causing post-operative morbidity.

ErbB/ HER RECEPTORS

All ErbBs includes an extracellular ligand- binding 
domain, a single membrane-spanning region, and 
a cytoplasmic protein tyrosine kinase domain. There 
activation is controlled by the ligands which upon 
proteolysis of ectodomains, leads to shedding of 
soluble growth factors 11,12. There are three groups of 

ErbB specific ligands. The first group (ErbB1) bind 
specifically to ErbB-1 receptor and include EGF, 
amphiregulin(AR), and transforming growth factor-α 
(TGF-α). The second group has dual characteristics 
of binding to ErbB-1 as well as ErbB-4 and includes 
betacellulin(BTC) Heparin binding EGF(HB-EGF) and 
epiregulin (EPR). The third group consists of the 
neuregulins which has two subgroup depending on 
their binding capacity. Those binding to ErbB-3 and 
ErbB-4 are NRG-1 and NRG-2 while ErbB-4 binds 
NRG-3 and NRG-4.  13.(Figure-1)

The binding of ligands to ErbB receptors form homo 
and heterodimers, which activate phosphorylation 
and intrinsic kinase domain in the cytoplasmic tail, 
resulting in stimulation of intracellular pathways. No 
direct ligand to ErbB2 has been revealed as yet. 
ErbB3 having no intrinsic tyrosine kinase, dimerizes 
with another ErbB receptor 14,15. Moreover, cancer 
patients with altered ErbB receptors show more 
aggressive clinical presentation 16.

Figure 1: Role of HER family in carcinogenesis HER 1 
Receptor plays a role in cell survival by activating 
PI-3/PKB pathway while HER 2 receptor helps in cell 
proliferation and migration by activating MAPK and 
PI3K pathway. HER 3 and HER-4 promote neovascu-
larization and invasion through neuroglins respec-
tively.

ROLE OF HER RECEPTORS IN ORAL SQUAMOUS CELL 
CARCINOMA
EGFR/HER-1 Receptor

EGFR has several structural variants observed in 
human malignancies. Wikstrand et al state that, the 
most frequently detected variant of EGFR is EGFvIII, 
which is expressed in 42% of oral tumors 17. Several 
studies indicate that the incidence of EGFR muta-
tions in oral carcinoma differ between ethnic 
groups, incidence being more in Asians (7%) in com-

parison to white caucasian (4%) 18,19. Immunohisto-
chemical studies of EGFR protein staining is 
observed in 42-58% of OSCC cases20. However 
conflicting results were found in one of the study 
reporting that EGFR positive lesions present as low 
grade tumors and show no association with patient 
outcome. 21

Monoclonal antibodies directed against this recep-
tor might prove to be effective therapeutic agents 
22. When oral squamous carcinoma cells were 
pre-treated with EGF, it resulted in increased sensitiv-
ity to radiation in relation to the number of EGFRs on 
their surfaces. Antibody named Cetuximab was 
introduced having effect on tumor cells. It induces 
autophagy in several cancer cell lines, including 
oral cancer via inhibition of EGFR signaling. 

HER-2 Receptor

The HER-2/neu oncogene is found on the short arm 
of chromosome 17 23. The overexpression of HER-2 
was found to be associated with numerous types of 
human cancers like breast cancer, lung cancer, 
gastric cancer and salivary cancer 24. However, rate 
of Her-2 in OSCC is reported to be controversial, 
with reports of overexpression in 3-41% of cases (20).  
In a study done by Khan et al (2002) out of 67 OSCC 
patients 78% were negative for membrane staining, 
while only 17% showed positive results with no signifi-
cant association between HER-2/neu positivity and 
primary tumor site, T stage, N stage, tumor grade, 
recurrence, margin status, sex, race and age 25. 
Craven et al demonstrated HER-2/neu overexpres-
sion in 46% of OSCC patients by IHC but do not 
found any correlation of overexpression with clinical 
parameters 26. Beckhardt et al conducted a com-
prehensive evaluation of HER-2/neu in OSCC 
patients revealing only 6 of 38(16%) OSCC tissue 
sections with HER-2 oncoprotein over expression 23.

Stoicanescu et al (2013) analyzed HER-2 receptor 
protein expression by immunohistochemistry and 
revealed that 76.76% cases were negative, 5.17% 
were 1+,14.65% cases 2+ and only four cases were 
3+27. Other studies have also proven that HER-2 has 
no significant role in the progression of cancer 
28,29.Moreover, two studies by Riveire et al failed to 
demonstrate enhanced HER-2 transcription on 
northern blot or enhanced protein expression in IHC 
in their series of head and neck SCC 30,31. It can be 
concluded that HER2/neu has no significant role in 
OSCC and cannot be used as potential target for 
anticancer therapy.

HER-3 Receptor
HER-3 is normally present in squamous epithelium of 
head and neck squamous cell carcinoma, orophar-
ynx, esophagus, and tongue, related to increased 
metastatic potential and poor survival rates 32,33. 
Lapatinib, which is a dual EGFR/HER2 reversible 
inhibitor showed sensitivity to the “head and neck 

squamous cell carcinoma” cell lines 34. In OSCC 
gefitinib being EGFR inhibitor showed significant 
resistance to HER2 and HER3 expression but not to 
cetuximab. Pertuzumab which is the blend of 
gefitinib and the HER2-HER3 dimerization inhibitor 
provide increased growth inhibition than gefitinib 
alone 35. The process by which HER3 is sensitive to 
lapatinib but resistant to gefitinib is not identified 
yet. This concludes that HER3 expression have a 
significant role in carcinogenesis and it would be a 
rational target for anticancer therapy.

Her-4 Receptor

Her-4 is expressed in many cancer cells including 
prostate cancer, lung cancer, colon cancer, cervi-
cal cancer, and stomach cancer. Its role in tumor 
development is not clear yet, as it might have prog-
nostic significance in combination with other recep-
tors 36. The role of HER-4 in OSCC is poorly under-
stood. It does not seem to be over expressed in 
OSCC  which is also supported by a study conduct-
ed by Ekberg et al in 2004, concluding that HER 4 
might not be suitable for macromolecular targeting 
therapy 32. 

CONCLUSION

The HER- family is associated with many intracellular 
pathways like cell proliferation, differentiation, 
migration and survival. Genetic alterations like gene 
amplification, deletion or co/over-expression of 
these receptors can lead to tumor progres-
sion.HER-1 being overexpressed in 42-58% of cases 
have an important role not only in early diagnosis 
but also in prognostic evaluation and treatment 
planning. This could prove to be an effective thera-
peutic agent against OSCC patients. The over 
expression of HER-2 in OSCC varies from 3-41% and 
does not co-relate well with clinic-pathological 
parameters, and cannot be regarded as a poten-
tial biomarker for treatment modalities. On the other 
hand, HER-3 has increased metastatic potential 
and poor survival, so it could be a target for 
anti-cancer therapy. The role of HER-4 has not yet 
been explored in OSCC
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INTRODUCTION

Worldwide, Oral squamous cell carcinoma (OSCC) 
is classified as sixth most common cancer 1, contrib-
uting to about 5% of all cancers in the Western 
World 2, whereas, OSCC is the main cause of mortal-
ity and morbidity in South East Asian countries 3. The 
cultural practices like tobacco and betel quid 
chewing raises the prevalence of OSCC up to 40% 
in India and 10% in Pakistan 4. Despite extensive 
research into the pathogenesis and management 
of oral squamous cell carcinomas, the five-year 
survival rate in the last 25 years, remains same 5.

The role of Biomarkers before cancer diagnosis is the 
risk assessment and screening, along with providing 
support in diagnosis and after diagnosis, for monitor-
ing therapy, selecting additional therapy and 
detecting recurrence 6.  Numerous markers are 
identified related to tumor grading and staging as 
well as clinical course of the disease for prognosis. 
Mutation of the tumor suppressor gene p53, amplifi-
cation of the proto-oncogene like cyclinD1,7-13 
and over expression of the tyrosine kinase receptor 
that is, epidermal growth factor14-17 have been 
associated with poor prognosis 7.As an alternative, 
vaccine therapy targeting Her2/neu, a growth 
factor receptor has been actively researched to 
improve survival 8.
ErbB is also known as HER, is a family of proto-onco-

genes, tyrosine kinase growth factor receptors. It is 
responsible for cell proliferation and differentiation. 
HER family comprises four receptors; EGFR (HER1 or 
ErbB-1), ErbB-2 (HER-2 or neu), ErbB-3 (HER-3) and 
ErbB-4 (HER-4), and their over-expression is associat-
ed with progression of tumor  9,10.

An electronic article search was done using key 
words EGFR, Her/2, Her/3 and Her /4 on Google 
Scholar, PubMed and Medscape. All types of 
articles including original, review, case reports, 
clinical observational cohort studies and random-
ized controlled trials were included. About 100 
abstracts of related articles were reviewed first 
followed by selection of 70 abstracts. Full text 
articles of these were included in this review. The 
purpose of this review is to outline the role of HER 
receptors in carcinogenesis of OSCC in order to 
exploit them as therapeutic target in high risk OSCC 
patient and to prevent them from aggressive 
surgeries causing post-operative morbidity.

ErbB/ HER RECEPTORS

All ErbBs includes an extracellular ligand- binding 
domain, a single membrane-spanning region, and 
a cytoplasmic protein tyrosine kinase domain. There 
activation is controlled by the ligands which upon 
proteolysis of ectodomains, leads to shedding of 
soluble growth factors 11,12. There are three groups of 

ErbB specific ligands. The first group (ErbB1) bind 
specifically to ErbB-1 receptor and include EGF, 
amphiregulin(AR), and transforming growth factor-α 
(TGF-α). The second group has dual characteristics 
of binding to ErbB-1 as well as ErbB-4 and includes 
betacellulin(BTC) Heparin binding EGF(HB-EGF) and 
epiregulin (EPR). The third group consists of the 
neuregulins which has two subgroup depending on 
their binding capacity. Those binding to ErbB-3 and 
ErbB-4 are NRG-1 and NRG-2 while ErbB-4 binds 
NRG-3 and NRG-4.  13.(Figure-1)

The binding of ligands to ErbB receptors form homo 
and heterodimers, which activate phosphorylation 
and intrinsic kinase domain in the cytoplasmic tail, 
resulting in stimulation of intracellular pathways. No 
direct ligand to ErbB2 has been revealed as yet. 
ErbB3 having no intrinsic tyrosine kinase, dimerizes 
with another ErbB receptor 14,15. Moreover, cancer 
patients with altered ErbB receptors show more 
aggressive clinical presentation 16.

Figure 1: Role of HER family in carcinogenesis HER 1 
Receptor plays a role in cell survival by activating 
PI-3/PKB pathway while HER 2 receptor helps in cell 
proliferation and migration by activating MAPK and 
PI3K pathway. HER 3 and HER-4 promote neovascu-
larization and invasion through neuroglins respec-
tively.

ROLE OF HER RECEPTORS IN ORAL SQUAMOUS CELL 
CARCINOMA
EGFR/HER-1 Receptor

EGFR has several structural variants observed in 
human malignancies. Wikstrand et al state that, the 
most frequently detected variant of EGFR is EGFvIII, 
which is expressed in 42% of oral tumors 17. Several 
studies indicate that the incidence of EGFR muta-
tions in oral carcinoma differ between ethnic 
groups, incidence being more in Asians (7%) in com-

parison to white caucasian (4%) 18,19. Immunohisto-
chemical studies of EGFR protein staining is 
observed in 42-58% of OSCC cases20. However 
conflicting results were found in one of the study 
reporting that EGFR positive lesions present as low 
grade tumors and show no association with patient 
outcome. 21

Monoclonal antibodies directed against this recep-
tor might prove to be effective therapeutic agents 
22. When oral squamous carcinoma cells were 
pre-treated with EGF, it resulted in increased sensitiv-
ity to radiation in relation to the number of EGFRs on 
their surfaces. Antibody named Cetuximab was 
introduced having effect on tumor cells. It induces 
autophagy in several cancer cell lines, including 
oral cancer via inhibition of EGFR signaling. 

HER-2 Receptor

The HER-2/neu oncogene is found on the short arm 
of chromosome 17 23. The overexpression of HER-2 
was found to be associated with numerous types of 
human cancers like breast cancer, lung cancer, 
gastric cancer and salivary cancer 24. However, rate 
of Her-2 in OSCC is reported to be controversial, 
with reports of overexpression in 3-41% of cases (20).  
In a study done by Khan et al (2002) out of 67 OSCC 
patients 78% were negative for membrane staining, 
while only 17% showed positive results with no signifi-
cant association between HER-2/neu positivity and 
primary tumor site, T stage, N stage, tumor grade, 
recurrence, margin status, sex, race and age 25. 
Craven et al demonstrated HER-2/neu overexpres-
sion in 46% of OSCC patients by IHC but do not 
found any correlation of overexpression with clinical 
parameters 26. Beckhardt et al conducted a com-
prehensive evaluation of HER-2/neu in OSCC 
patients revealing only 6 of 38(16%) OSCC tissue 
sections with HER-2 oncoprotein over expression 23.

Stoicanescu et al (2013) analyzed HER-2 receptor 
protein expression by immunohistochemistry and 
revealed that 76.76% cases were negative, 5.17% 
were 1+,14.65% cases 2+ and only four cases were 
3+27. Other studies have also proven that HER-2 has 
no significant role in the progression of cancer 
28,29.Moreover, two studies by Riveire et al failed to 
demonstrate enhanced HER-2 transcription on 
northern blot or enhanced protein expression in IHC 
in their series of head and neck SCC 30,31. It can be 
concluded that HER2/neu has no significant role in 
OSCC and cannot be used as potential target for 
anticancer therapy.

HER-3 Receptor
HER-3 is normally present in squamous epithelium of 
head and neck squamous cell carcinoma, orophar-
ynx, esophagus, and tongue, related to increased 
metastatic potential and poor survival rates 32,33. 
Lapatinib, which is a dual EGFR/HER2 reversible 
inhibitor showed sensitivity to the “head and neck 

squamous cell carcinoma” cell lines 34. In OSCC 
gefitinib being EGFR inhibitor showed significant 
resistance to HER2 and HER3 expression but not to 
cetuximab. Pertuzumab which is the blend of 
gefitinib and the HER2-HER3 dimerization inhibitor 
provide increased growth inhibition than gefitinib 
alone 35. The process by which HER3 is sensitive to 
lapatinib but resistant to gefitinib is not identified 
yet. This concludes that HER3 expression have a 
significant role in carcinogenesis and it would be a 
rational target for anticancer therapy.

Her-4 Receptor

Her-4 is expressed in many cancer cells including 
prostate cancer, lung cancer, colon cancer, cervi-
cal cancer, and stomach cancer. Its role in tumor 
development is not clear yet, as it might have prog-
nostic significance in combination with other recep-
tors 36. The role of HER-4 in OSCC is poorly under-
stood. It does not seem to be over expressed in 
OSCC  which is also supported by a study conduct-
ed by Ekberg et al in 2004, concluding that HER 4 
might not be suitable for macromolecular targeting 
therapy 32. 

CONCLUSION

The HER- family is associated with many intracellular 
pathways like cell proliferation, differentiation, 
migration and survival. Genetic alterations like gene 
amplification, deletion or co/over-expression of 
these receptors can lead to tumor progres-
sion.HER-1 being overexpressed in 42-58% of cases 
have an important role not only in early diagnosis 
but also in prognostic evaluation and treatment 
planning. This could prove to be an effective thera-
peutic agent against OSCC patients. The over 
expression of HER-2 in OSCC varies from 3-41% and 
does not co-relate well with clinic-pathological 
parameters, and cannot be regarded as a poten-
tial biomarker for treatment modalities. On the other 
hand, HER-3 has increased metastatic potential 
and poor survival, so it could be a target for 
anti-cancer therapy. The role of HER-4 has not yet 
been explored in OSCC
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DISCUSSION

The inhibition zones corresponding to the antibacte-
rial (antimicrobial) activity against S. aureus and E. 
coli were found to increase extensively with the 
source of the extract and the choice of solvent for 
the extraction. This statement is in line with that by 
Nisha et.al;.35which concluded that the quantity of 
oil extract plays an important role in the effect of 
inhibition. From comparison of the total inhibition 
activity based on the extraction solvent, it was 
noticed that methanol showed the highest number 
of inhibition activity (zone) to both target organism 
{i.e. E. coli (approx. 220mm) and S. aureus (approx-
.160mm) are most sensitive to Psidium spp extract 
with methanol as the extraction solvent}. Extraction 
via aqueous solvent inhibited the growth of S. 
aureus more than E. coli and while extraction by 
acetone had the least inhibition activity against 
E.coliwhen compared with S. aureus and result from 
other solvents. These could be due to the absence/ 
insufficient presence of the bioactive compounds 
that are inhibitory to E. coli as a result of the choice 
of extraction solvent as compared to extraction by 
methanol which showed higher inhibition activity. 
Additionally, from fig 4, it was noticed that irrespec-
tive of the extraction solvent, E. coli (344mm) was 
generally more resistant to extract of Psidium spp 
than S. aureus (568mm) which is more sensitive. This 
can be further understood by examination of the 
phytochemical analysis of the different parts of the 
plant. 

The Parts Of Psidium Spp
The leaf, fruit, seed, stem-bark and twig of Psidium 
spp has been used in the selected articles while the 
most commonly used one which also happens to 
have yielded the highest result in term of inhibition 
zone is the extract from the leaf part. This might be 
due to its easily accessible nature, choice of 
researcher and / or its phytochemical composition. 
Further comparison of the outcome with extract 
from leaf to other plant part e.g. the seed which 
was studied by Zahidah et.al;.33 in a research to 
reveal the antioxidant and antimicrobial activities 
of pink guava leaves and seeds, it was stated that 
the pink guava leaf is a superior bioactive ingredi-
ent than its seed; this was also supported by its 
antimicrobial activity against S. aureus when the 
seed had none. Although there was no recorded 
inhibition for E. coli by product from both extracts. In 
addition, the phytochemical analysis specifically 
the total phenolic and flavonoid contents revealed 
a higher value from the leaf and this is similar to the 
result from other researchers such as Ojan and Niho-
rimbere36, Wojdylo et.al;37

The result from the analysis of the antibacterial prop-
erty of guava fruit by Tahera et.al;29 on skin and core 
and that by Malaviya and Mishra19 on the fruit shows 
that the fruit part of the plant holds a promising 
antibacterial property against both test organisms 

on different extraction solvents.

The leaf: Analysis by Omoregie et.al;24, Bansoda and 
Chavan7, Balangcod et.al;.20, Romasi et.al;32, Taura 
et.al;27 and Thiyagarajan and Jamal23 revealed the 
presence of Carbohydrate, Tannins, Glycosides, 
Saponins, Terpenes (Terpenoid) Sterols, Flavonoids, 
Resins, Balsams, Alkaloids, Phenolic compounds, 
Anthra-quinones, Triterpenoid, reducing sugar. 
Based on these components, analysis of the inhibi-
tory activities from the Table 1 shows that E.coli is 
resistant to extraction by ethanol and aqueous 
(cold) but sensitive to extraction by methanol, 
aqueous (hot) and acetone while S. aureus is sensi-
tive to extraction by methanol and ethanol but not 
aqueous.The results of the components are in line to 
those by Zakaria et.al;38,Iwu39, Nadkarni and 
Nadkarni30; Oliver-Bever41; Begum et.al;42; 43; Wyk 
et.al;44, Ghosh et.al;45, Chen et.al;46 and Matwally 
et.al;5.

However, Romasi et.al;32 recorded no trace of Triter-
penoid when water was used as extraction solvent 
with no sensitivity from both organisms i.e. no zone 
of inhibition.Bansode and Chavan7 also had no 
result for Terpenoid (methanol), Tannins and Sapo-
nins under extraction by use of ethanol but record-
ed a low sensitivity from E. coli. Alkaloids were also 
reported missing in research by Thiyagarajan and 
Jamal23 with ethanol and Omoregie et.al;24 by 
methanol extraction. 

The Fruit and its essential oil has been indicated to 
be composed of  Vitamin C, vitamin A, iron, calci-
um, Manganese, Phosphoric, Oxalic and Malic 
acids, Saponins combined with Oleanolic acid, 
flavonoids, guaijavarin, Quercetin, hexanal, -2-hex-
enal , 2,4-hexadienal, 3-hexenal, 2-hexenal, 3-hexe-
nyl acetate and phenol, while β-caryophyllene, 
nerolidole.t.c. (Nadkarni and Nadkarni40; Paniandy 
et.al;47, Joseph and Priya11) however, no phyto-
chemical analysis was carried out by Tahera 
et.al;29and Malaviya and Mishra19. S. aureus showed 
higher sensitivity to extract from the fruit (skin and 
core) of Psidiumspp than E.coli. Aqueous extraction 
had the highest zone of inhibition for both organisms 
when compared to methanol and ethanol while 
extraction via ethanol had the least activity for both 
organisms. 

Phenolic compound and flavonoids were reported 
present in the seed by Zahidah et.al;33 and this is in 
line with reports by Mitchel et.al;48: Ojan and Niho-
rimbere36 which also found Proteins, starch, oils, 
glycoside, quercetin-3-O-β-D-(2"-Ogalloygluco-
side)-4'-O-vinylpropionate to be inclusive. The 
target organisms (E. coli and S. aureus) were 
resistant to this extract and could be due to compo-
sition of the seed or the extraction solvent.

The stem bark was found to have inhibitory activity 
to both target organisms with methanol and aque-

ous as the extraction solvent. The stem bark is com-
posed of a high to moderate concentration of 
carbohydrates, tannins, cardiac glycosides, 
proteins, alkaloids, reducing sugar,saponins and oil 
with low concentration of steroids and terpenoids 
(Esimone et.al;28). Similar composition was earlier 
reported by Begum et.al;42 and Nadkarni and 
Nadkarni40. It can thus be generalized that Psidium 
spp is an essential source for Tannins, Saponins, 
reducing sugar and glycosides.

The summary from the combination of resulting 
activity index based on the solvent of extraction for 
both organisms represented on figure 2 and 3 
indicated Methanol as the best choice for 
extraction. It is however of important note that this 
deduction was made only from trials that presented 
data for control using standard antibiotics. General-
ly, important factors such as polarity, low boiling 
temperature to allow for easy removal of the 
solvent from the product, ability to not react or 
chemically alter the extract, low viscosity and stabil-
ity to light, heat and oxygen59 has been indicated to 
contribute to choice of solvent. The increase in the 
use of methanol could be due to its polarity index 
(ampiphillic), self-preservative nature, higher safety 
level, low boiling point (www.metanex.com/metha-
nol/techsafetydata.html) etc. 

However, the data presented on fig 4 which com-
pares the inhibition zones from trials that utilized at 
least two of the solvent with respect to methanol 
which had the highest activity index showed that 
the zones of inhibition from using ethanol, acetone 
and aqueous were slightly higher than methanol for 
Staphylococcus aureus while methanol proves 
effective for Escherichia coli.

Conclusively, it can be deduced that Psidium spp is 
a significant source of bioactive agents (com-
pounds) and thus amongst other medicinal plants, it 
can be used to minimize the ever increasing 
incidence of antibiotic resistant microorganisms. 
Different parts of the plant have been reported to 
cure one form of disease or the other in herbal 
usage however; there is need for clinical trials in 
support of product development and modern 
approach of usage for target effectiveness. These 
will help to avoid unnecessary complications such 
as over dosage and side effect that are common to 
most local herbal prescriptions.Use of methanol and 
Aqueous as solvent proved most successful of all 
followed by ethanol and acetone and thus it is 
advised that interested researchers should use the 
best of them for effective extraction of plant com-
ponents.  
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