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ABSTRACT

Background: Keratinocyte growth factor  (KGF) is a potent epithelial mitogen that acts by 
binding the KGF receptors (KGFRs) expressed on epithelial cells and regulates proliferation and 
differentiation. The objective of this study was to investigate the expression of KGF in the epithelium 
in oral precancer.
Materials and Methods: Archival tissues of oral submucous fibrosis  (SMF) and leukoplakia 
were assessed for epithelial KGF expression by immunohistochemistry and real‑time quantitative 
polymerase chain reaction.
Results: KGF was predominantly expressed in the basal and parabasal cells in the epithelium of 
SMF tissues. KGF transcript in the epithelial cells increased with increasing severity of epithelial 
dysplasia in oral leukoplakia.
Conclusion: Although widely reported as a product secreted by the mesenchymal cells, our data 
suggest that the KGF is also expressed in oral epithelial cells much like the expression in ovarian 
epithelial cells. Based on the localization of KGF in cells at the epithelial mesenchymal junction 
and that of the reported presence of KGFR in oral keratinocytes, a potential mechanism involving 
paracrine and autocrine interactions of KGF and KGFR in early stages of oral precancer is postulated.
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INTRODUCTION

Oropharyngeal cancers are among the more common 
cancers affecting nearly 275,000 globally with 
two‑third of these cases occurring in developing 
countries.[1,2] Despite therapeutic and diagnostic 
advances, the 5‑year survival rate for oral 
squamous cell carcinoma  (SCC) remains at about 
50%.[2,3] Although most cases are preceded by distinct 
precancerous lesions, the variable premalignant 
potential, nonuniformity in risk assessment 

and paucity of sensitive markers for malignant 
transformation contribute to the delayed diagnosis and 
poor prognosis of oral cancer.[4,5]

Oral carcinogenesis is a multistep process that often 
progresses through a series of histopathological 
changes from hyperplasia through varying degrees of 
dysplasia to carcinoma in‑situ and invasive SCC.[3,6] 
Leukoplakia and submucous fibrosis  (SMF) are two 
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common premalignant changes of the oral mucosa 
with the later condition primarily prevalent in India 
and other Southeast Asian countries.[7,8] Statistically, 
SMF has been reported to exhibit higher potential 
for malignant transformation than leukoplakia.[9] At 
the molecular level, overexpression of growth factors 
and/or aberrant signaling by growth factor receptors 
are critical processes in malignant transformation.[3]

Keratinocyte growth factor  (KGF) also known as 
fibroblast growth factor  (FGF)‑7 is a potent epithelial 
mitogen. KGF acts exclusively through a subset of 
FGF receptor  (FGFR) isoforms  (the FGFR2b also 
referred as KGF receptor  [KGFR]) expressed on 
epithelial cells.[10,11] The KGF:KGFR interaction plays 
critical role in controlling epithelial proliferation and 
differentiation.[10] KGF is predominantly expressed in 
the mesenchymal cells and stimulates epithelial cells 
by a paracrine mechanism.[12,13] Fibroblasts isolated 
from normal buccal mucosa, gingiva, or periodontal 
ligament have been shown to express KGF.[14,15] 
KGFR is the dominant FGFR expressed on normal 
oral epithelial cells.[16,17] Overexpression of KGF by 
the gingival or periodontal ligament fibroblasts have 
been shown to induce proliferation of junctional and 
oral epithelium via paracrine stimulation of epithelial 
KGFR.[18] Increased KGF expression has also been 
reported in the fibroblasts and inflammatory cell in the 
connective tissue stroma in oral SCC.[17,19]

As opposed to its well‑characterized expression in 
the mesenchymal cells, KGF expression in epithelial 
cells has been reported in only selected tissues such 
as the ovary, pancreas, and oral mucosa.[17,20,21] The 
epithelial KGF expression has been shown to be 
upregulated in chronic inflammatory conditions.[14] 
Increased expression of FGFR2  (KGFR) has been 
reported in dysplastic oral epithelium.[22] Based on 
the restricted expression of KGFR in the epithelial 
cells, an autocrine signaling that promote epithelial 
growth differentiation has been suggested.[14,15,17] Oral 
SCC cell lines and cultured keratinocytes have been 
shown not only to express KGF, but the expression 
has been shown to be upregulated by areca nuts and 
other deleterious agents.[15‑17] The objective of this 
study is to examine the expression of KGF in oral 
epithelium in oral SMF  (OSMF) and leukoplakia 
tissues with epithelial dysplasia. Together with the 
known expression profile of KGFR, information 
regarding the expression of KGF will provide insight 
into the cell‑cell interactions that regulate epithelium 
in oral precancer.

MATERIALS AND METHODS

Tissues
Paraffin‑embedded archival tissues with the 
histopathological diagnosis of OSMF or leukoplakias 
with epithelial dysplasia or oral SCC were chosen 
from the repositories of the  Indiana University School 
of Dentistry, Indianapolis, IN, USA and the Vinayaka 
Mission’s Sankarachariyar Dental College, Salem, 
India  after obtaining approval from the respective 
institutions Institutional Review Boards for the use 
of human tissues for research purposes. Hematoxylin 
and eosin stained sections were graded for epithelial 
dysplasia by two histopathologists as mild: Hyperplasia, 
bulbous reteridges, and nuclear hyperchromatism; 
moderate: Additionally irregular stratification, increased 
mitosis and nuclear cytoplasmic ratio; and severe: 
Aadditionally abnormal mitosis, increased nuclear 
cytoplasmic ratio and dyskeratosis.[8,23] Fifteen tissues 
each of SMF, mild, moderate, and severe epithelial 
dysplasia and oral SCC were selected for further 
analysis. Ten histologically normal tongue and buccal 
mucosa specimens were obtained as control specimens.

Immunohistochemistry
Serial 5 µ thick sections of each SMF and histologically 
normal tongue specimen were immunostained for 
KGF.[15,24] Staining of normal intestine known to 
express KGF was used as positive control.[28] After 
deparaffinization and rehydration, the tissue sections 
were sequentially treated with 3% H2O2 and 3% horse 
serum albumin in phosphate buffered saline  (PBS) to 
block endogenous peroxidase activity and nonspecific 
immunoglobulin binding respectively. The tissue 
sections were then incubated overnight with rabbit 
polyclonal anti‑human KGF primary antibody (Sc 7882: 
Santa Cruz Biotechnology, Inc., CA, USA) diluted 
1:1000 or PBS in negative controls at 4°C. The sections 
were washed and incubated with biotinylated anti‑rabbit 
IgG secondary antibody diluted 1:2000 for 45  min at 
room temperature followed by washing and incubation 
in Vectstain elite ABC reagent (Vector laboratories, 
CA, USA) for 30 min. The enzyme activity was detected 
with the chromogen 3‑3 diaminobenzidine  (DAB) 
deposition  (Vector Laboratories, CA, USA). The 
sections were counterstained with hematoxylin. After 
dehydration in graded alcohol and clearing in xylene, 
the slides were permanently mounted.

Image analysis
Digital images from each tissue specimen at  ×10 
objective lens magnification were analyzed for 
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positive staining using ImageJ image analysis 
software  (Bethesda, Maryland, USA,  [http://rsb.
info.nih.gov/ij/download.html]). Lesional tissues 
were randomly selected for microscopic features 
of dysplasia. Each image was filtered through the 
color deconvolution plugin to separate DAB positive 
staining.[25] In each image, the epithelium was selected 
as the region of interest and analyzed automatically 
for integrated intensity of brown color representing 
positive DAB staining. Average integrated intensity 
of all five areas was obtained for each specimen. 
The mean integrated intensity per group was then 
calculated.[23]

Real time polymerase chain reaction
The epithelium of each leukoplakia specimen was 
dissected using laser capture microdissection. Total 
RNA extracted from each tissue with RNeasy 
Mini Kit  (QIAGEN, Valencia, CA, USA) was 
reverse transcribed using iScript complementary 
DNA  (cDNA) synthesis kit  (Bio‑Rad, CA, USA). 
Real‑time polymerase chain reaction  (RT‑PCR) 
was performed using the SYBR Green/ROX 
qPCR Mastermix  (SABiosciences, Frederick, MD, 
USA) on the ABI Prism 7000 Sequence Detection 
System  (Perkin Elmer Applied Systems, Foster City, 
CA, USA). Each reaction contains 2  ×  12.5/µl of 
SYBR Green Mastermix, 1 µl of 10 µM of primers 
and 50  ng of the cDNA, to a total volume of 
25 µl. The thermal cycling conditions included an 
initial denaturation step at 50°C for 2  min, 95°C 
for 10  min, 40  cycles at 95°C for 15 s, annealing 
temperature for 30 s and extension at 72°C for 
30 s. Amplification of glyceraldehyde 3‑phosphate 
dehydrogenase  (GAPDH) and small proline‑rich 
protein 2a (SPRR2a), a gene abundantly expressed in 
epithelial cells was included as controls for the PCR 
reaction and epithelial cell origin respectively. The 
primers used are given in Table  1. The magnitude 
of change in the messenger RNA was expressed 
as 2−ΔΔCt.[29]

Statistical analysis
The difference in the KGF expression between 
different groups was determined by the Student’s 
t‑test. P < 0.05 was considered statistically significant.

RESULTS

Expression of keratinocyte growth factor in 
submucous fibrosis
All the SMF and the representative normal tissues 
for KGF staining were derived from biopsies of 
buccal mucosa. Histologically, all SMF tissues 
exhibited hyperparakeratosis and atrophic epithelium 
juxtaposed with chronic inflammatory cell infiltration 
consistent with features of mild epithelial dysplasia. 
Immunohistochemical staining showed that the 
KGF expression was observed minimally in the 
epithelium and predominantly in the connective tissue 
in normal oral mucosa  [Figures  1a, b and 2a, b]. 
Figure  1c and f are negative controls and Figure  1g 
is the KGF staining in intestinal mucosa as positive 
control for KGF. KGF expression was observed in 
the oral epithelium in OSMF, with greater expression 
in stratum basale  [Figure  1c and d]. Quantitative 
estimation suggested that the average integrated 
intensity of KGF staining was significantly higher in 
the oral epithelium of SMF tissues as compared with 
that of normal oral epithelium [Figure 1h]. Significant 
KGF expression was expressed in the subepithelial 
connective tissue in OSMF. Areca nut extracts, 
the most prevalent causative factor for OSMF 
have been shown to mediate transforming growth 
factor‑β (TGF‑β) secretion by the oral epithelial cells, 
induce inflammation and upregulate cytokines in the 
connective tissue. Since cytokines such as TGF‑β and 
interleukin‑6 can stimulate stromal KGF expression, it 
is postulated that the observed KGF positivity in the 
lamina propria of OSMF could be attributed to the 
inflammation altered microenvironment.

Expression of keratinocyte growth factor in 
leukoplakia with epithelial dysplasia
Since none of the SMF tissues in our cohort 
exhibited histological changes beyond mild epithelial 
dysplasia, we next investigated archival tissues of 
oral leukoplakia exhibiting mild, moderate, or severe 
epithelial dysplasia for KGF expression [Figure 2a‑d]. 
Immunohistochemistry showed that the expression of 
KGF was increased both in the epithelium and in the 
connective tissue in leukoplakia with dysplasia and 
carcinoma as compared with that in normal mucosa 
[Figure  2e‑j]. Quantitative estimation suggested that 

Table 1: Primers used for real‑time quantitative 
polymerase chain reaction amplification
Gene Forward Reverse
GAPDH 5’‑AGCCTTCTCCATG 

GTGGTGAAGAC‑3’
5’‑CGGAGTCAACGG 
ATTTGGTCG‑3’[26]

SPRR2a 5’‑AGTGCCAGCAGA 
AATATCCTCC‑3’

5’‑GAACGAGGTGAG 
CCAAATATCC‑3’[27]

KGF 5’‑TTGTGGCAATCAA 
AGGGGTG‑3’

5’‑CCTCCGTTGTGTG 
TCCATTTAGC‑3’[28]

GAPDH: Glyceraldehyde 3‑phosphate dehydrogenase; SPRR2a: Small 
proline‑rich protein 2a; KGF: Keratinocyte growth factor
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the mean integrated intensity of KGF staining was 
progressively higher in the epithelium of oral mucosa 
from normal through mild, moderate, and several 
dysplasia’s to carcinoma [Figure 2k].

Keratinocyte growth factor transcript is 
upregulated in dysplastic oral epithelium
We next investigated whether the increased expression 
of protein correlate with the transcript for KGF 
in oral leukoplakia with dysplasia. SPRR2a is a 
keratinocytes differentiation marker expressed in oral 

epithelial cells.[30] Quantitative RT‑PCR suggested 
that with respect to GAPDH, the epithelial‑rich 
SPRR2a[30] was significantly lower in oral epithelium 
with severe dysplasia and in carcinoma as compared 
with the expression in normal oral epithelial cells 
[Figure 3 a and b]. With respect to the epithelial specific 
SPRR2a, the KGF transcript was significantly higher 
in leukoplakia with severe epithelial dysplasia and 
carcinoma as compared with the expression in normal 
oral epithelial cells [Figure  3a and c]. The relative 
expression of the KGF transcript in OSMF epithelium 
was 0.46  ±  0.12 units similar to oral leukoplakia with 
mild dysplasia and consistent with the histological 
observation of mild dysplasia (data not shown).

DISCUSSION

Homeostasis between the proliferation and the 
differentiation process in oral epithelium is regulated 
by functional interactions between the growth factor 
receptors and their cognate ligands.[26] Dysregulated 
growth control that parallels degree of dysplasia 
is intricately associated with the pathogenesis of 
epithelial cancers.[3,13] Here, we report progressive 
increase in the epithelial expression of KGF with 
increasing dysplasia in oral precancer.

The potent cytoprotective and regenerative effects 
of KGF on epithelial tissues is long recognized and 
has been taken advantage in clinical applications 
to alleviate radiation/chemotherapy‑induced oral 
mucositis. The premise is that the KGF produced 
by the mesenchymal cells in response to cytokines 
induces paracrine stimulation of epithelial cells via 
FGFR2b, promote survival and DNA repair.[27] KGF/
FGF‑7 has been shown to be mitogenically active 
only on epithelial cells derived from a variety of 
tissues.[28]

The epithelial mitogenic potential of KGF has also 
been implicated in the growth of cancer cells.[10,27] 
For example, the ovarian surface epithelial cells have 
been shown to express and respond to KGF. Increased 
expression of KGF in the surface epithelial cells has 
been suggested to mediate autocrine proliferation and 
promote uncontrolled cell growth in ovarian cancer.[21] 
In esophageal tissues, weak KGF expression has been 
observed in the basal cells of normal epithelium 
and the expression is increased in the cytoplasm of 
cancerous cells.[31] Co‑expression of KGF and KGFR 
in lung adenocarcinoma cells and in pancreatic cancer 
cells has been associated with increased invasion 

Figure  1: Immunohistochemical staining and quantitation 
keratinocyte growth factor in submucous fibrosis epithelium. 
Photomicrographs of immunostained for keratinocyte growth 
factor are shown as follows: (a) normal oral mucosa, (c) negative 
control and (e) representative oral submucous fibrosis tissue 
showing significant positive staining in the basal cell layer; 
corresponding deconvoluted images of brown staining color 
are shown in  (b),  (d and f), respectively. Staining of normal 
intestine known to be positive for KGF. Average integrated stain 
intensity quantitated by ImageJ (h). *=P<0.05 as compared to 
normal epithelium.
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and worsened prognosis.[20,27] However, in contrast, a 
high level of KGFR expression in colonic epithelial 
cells has been associated with minimally invasive, 
well‑differentiated colorectal carcinoma.[27,32]

With respect to oral carcinoma, increased KGF 
expression has been reported in malignant cancer 
cells and cell lines.[17,33] Tsai et  al. have reported 
increased expression of KGF‑1 in oral epithelium 
in OSMF.[15] This is consistent with our observation 
of increased KGF expression in basal and parabasal 
layers in OSMF and oral leukoplakia with dysplasia. 
This suggests that much like the mesenchymal cells, 
the juxtaposed epithelial cells may also upregulate 
KGF expression in response to cytokine and other 
stimulating factors. Prominent expression of KGFR 
has been observed in normal oral epithelium and 

is upregulated in chronic inflammation and oral 
cancer.[14,16,17] Our observation of decreased SPRR2a 
expression with increasing severity of dysplasia 
suggests a reduced differentiation potential.[30] 
Significant elevation of epithelial KGFR has been 
reported in severe dysplasia and carcinoma in‑situ 
in experimental oral carcinogenesis.[11,28,34] Taken 
together, the observed increase in KGF expression 
in the epithelium with increasing dysplasia and the 
reported upregulation of epithelial KGFR in oral 
precancer suggest that an autocrine KGFR:KGF 
interaction potentially provides a growth advantage in 
oral precancer.

In addition to its function in determining the 
phenotype of the epithelium during development, the 
epithelial mesenchymal communication plays critical 

Figure 2: Immunohistochemical staining of keratinocyte growth factor in oral leukoplakia. Photomicrographs of representative 
normal (a and b) and oral leukoplakia tissues exhibiting mild (c and d), moderate (e and f), severe (g and h) dysplasia and oral 
carcinoma (i and j) immunostained for keratinocyte growth factor (a, c, e, g, and i) and the corresponding deconvoluted images (b, 
d, f, h, and j), respectively. Quantitative estimation of positive staining in the epithelium as determined by the integrated staining 
intensity measured in ImageJ (k). *P < 0.05 as compared to normal epithelium.
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role in the homeostatic maintenance and repair of 
the developed epithelium.[11] Based on the location 
of the KGF producing cells closer to the epithelial 
mesenchymal junction and that of the KGFR 
expressing cells in the differentiating cell layers, it 
is likely that the paracrine loop of the KGF:KGFR 
interaction contributes to the increased proliferation 
or hyperplasia and the autocrine interaction 
sustain the proliferation and promote dysregulated 
differentiation in oral precancer.[10,13] However, a 
previous study using human head and neck squamous 
tumor cell lines showed that the recombinant 
human KGF had little or no proliferative effect 
and did not affect the radiosensitivity.[19] Further 
studies are needed to delineate the mechanisms of 
KGF:KGFR interaction in oral carcinogenesis from 
normal mucosa through stages of epithelial dysplasia 
to carcinoma. This is particularly critical since 
considerable interest exists in the therapeutic use of 
KGF in the management of oral mucositis secondary 
to cancer treatment.[27,35]

CONCLUSION

KGF is expressed predominantly in the proliferating/basal 
layers of the epithelium in OSMF. In oral epithelial 
dysplasia, KGF expression increased in severe dysplasia 
and carcinoma.
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