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Introduction

Over 90% of head and neck cancers are squamous cell
carcinomas (SCC) which are the most common malignancies in
the oral cavity. In spite of improved therapeutic procedures, SCCs
generally exhibit poor prognosis and in addition, treatment results
in significant functional and cosmetic defects. Several factors
contribute to a poor prognosis for upper aerodigestive tract SCC
patients including the delayed detection of cancerous lesions and
the tendency to develop multifocal malignancy and premalignant
lesions as a consequence of field cancerization. It has been
generally accepted that prompt detection of early oral cancer or
epithelial dysplasia is required to improve prognosis. Therefore it
is important to identify markers for carcinoma progression.

As with other cancers, most deaths of oral cancer, amongst them
tongue cancers with greatest prevalence, result from local invasion
and distant metastases. The landmark of carcinoma progression
during the invasive and metastatic phases is epithelial cell plasticity
and dedifferentiation, which is similar to epithelial-mesnchymal
transition (EMT) that occurs during embryonic development.
EMT is the process that cells undergo to switch from a polarized
epithelial phenotype to a motile mesenchymal phenotype. This
process can occur during embryonic development, wound healing,
fibrosis and cancer progression and has extensively reviewed in

the last ten years (kalluri and Nielsen 2003, thiery 2003, schiller
2004, thiery and sleeman2006) [1-3]. Loss of epithelial cell polarity
and acquisition of motility results from the disappearance of cell
junction adherence molecules, reorganization of cytoskeleton and
redistribution of organelles (thiery and sleeman2006). Uncovering
the mechanism for EMTs is one strategy to predict tumor
progression and possibly develop therapeutic intervention. This is
complicated by the diversity of molecular mechanisms contributing
to the plasticity of epithelial cells in different tissues (gotzmann
2004) [4]. Several signal transduction pathways emerged as
important for EMT, such as autocrine factors: EGF, HGF Insulin-
like growth factor, platelet —~derived growth factor, Want signaling,
notch signaling, and Hedgehog signaling. These pathways are also
controlled by crosstalk between each other and with RTK/Ras and
TGF-b/bone morphogenic protein signaling.

CD-117 is one of the trans membrane receptor tyrosine kinases
is, a 145 kd4 protein, encoded by the c-kit proto-oncogene [5]. It
is the receptor of platelet- derived growth factor (PDGF) and is
structurally identical to stem cell factor (SCF). Some authors refer
to the ligand as steel factor [6-13]. Not only is it normally expressed
in a variety of human tissues, including breast epithelium, germ
cells, melanocytes, immature myeloid cells, and mast cells, the
over expression of c-kit has been reported in extensive immuno
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histochemical studies of several neoplasms [14-31]. Nonetheless,
a limited amount of studies aimed to investigate the expression of
c-kit in SCC of the upper aero-digestive tract, oral mucosa, namely
tongue.

The purposes of this pilot study were to preliminarily evaluate
c-kit expression in the neoplastic cells of squamous cell carcinoma
of the tongue (TSCC), to learn whether this possible expression is
related to a special location within the epithelium or to a different
cell morphology and to inquire whether there is a trend towards a
clinic pathological correlation, specifically patient outcome after 5
years.

Materials and Methods
Study group

The study was approved by the institutional Helsinki committee.
The study sample consisted of 17 patients with primary TSCC; all
were treated at the Departments of Oral and Maxillofacial Surgery
and Otorhinolaryngology of a single major tertiary center from
January 1990 to December 2004. Patient TNM data are elaborated
in (Table 1). Clinical and demographic data were obtained from
patients’ files. They were divided into two groups according to
the clinical outcome: the first group, consisting of seven patients,
where no evidence of disease was recorded in their post operative
and oncological follow up documentation 5 years post operatively;
and the second group, with the other ten patients that died of the
disease.

Immuno histochemical procedure

Formalin-fixed, paraffin-embedded tissue resection blocks
were retrieved from the archives. 5 pm sections were submitted
to immuno histochemistry. Briefly, sections were pre-treated by
microwave heating for 3 times, 5 minutes each, in 10 mm sodium-
citrate buffer at 600W. A monoclonal rabbit antibody for CD-
117(c-kit, Dako, Hamburg, Germany, dilution 1:100) was applied,
and counterstained by diaminobenzydine. The sections were
rehydrated and then immersed in 10 mM sodium-citrate buffer in
a microwave oven, 3 times for 5 minutes each. The evaluation of
the slides was performed using a light microscope which at X400
magnification, in a random order, by single investigator, blinded to
the and case histories. We used Gastro Intestinal Stromal Tumors
as positive controls.

Quantification of positive cells

The entire tumor thickness and adjacent stroma were
examined for c-kit positive cells. Location and morphology were
recorded as well. Location: stroma, invasive front, middle, upper.
Morphology: polar, spindle/fibro blastoid. In each slide, the total
number of positive cells as well as the number of CD-117-positive
cells was recorded in 5 consequent high-power -fields (HPF) at
x400 magnification. A mean labeling index was calculated for each
case. Positive CD-117 staining was considered cyto plasmatic. We
avoided stromal mast cells false positive CD-117 staining both by
counting only spindle cells and by excluding cells that exhibited fine
cytoplasmic granulation.
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Statistical analysis

Difference between the study and control group was done
using the non- parametric Mann-Whitney U test. Significance was
determined with P<0.001.

Results
Demographic data

The study group consisted of 8 male (47%) and 9 female (53%)
patients aged 26 to 88 years at diagnosis (mean 54.8 years+- 17.9).
One had a history of alcohol consumption and 6 (35.3%) were heavy
smokers (>10 pack-years). Tumor staging was done according to
the WHO TNM classification system. Five patients (34.8%) had T1
disease; 11 (64.7%) T2; and 2 (8.7%) T3. Preoperative clinical neck
status was NO in 10 patients (58.8%), N1 in 6 (35.3%), and N2 in
one (5.9%) whilst pathological neck stage was NO in 10 patients
(58.8%), N1in 4 (23.5%), and N2 in 3 (17.6%).

On histological examination, according to the Broders
classification, the tumor was well differentiated in 8 patients,
well to moderately differentiate in 6, and moderately to poorly
differentiate in 3. All patients were treated by partial glossectomy
and neck dissection. Five patients underwent postoperative
radiation therapy. As the control group we had 8 patients with
reactive fibroma of the tongue. The control group consisted of
4 males and four females, with an average age of 46.8 years, all

treated by excision.
Follow-up

Follow up period was 5 years. All patients were followed every
month for the first postoperative year. Computed tomography and
ultrasonography were performed on the basis of clinical need.
Ten patients (58.8%) failed treatment within the first 24 months
of follow-up. Of these 7 had a recurrence of the primary disease
(43.8%), 2 had neck metastasis as well as recurrence in the tongue
and floor of the mouth; and one had only neck metastasis. By the
end of the follow-up period, 10 patients (52.9%) had died of the
disease and 7 patients (41.2%) had no evidence of disease (Table
1). In the control group, follow-up time after pathological diagnosis
was 4 weeks. No further treatment was needed after excision.

Immuno histochemical staining

All 25 specimens were successfully stained, and CD-117
positivity was observed in all specimens. In the study group, staining
was detected mainly in the cytoplasm of the stromal spindle cells,
but not in the tumor cells (Table 1). The CD-117 label index of
56.6%+- in the spindle cells at the interface of the invasion front of
the tumor. In the control group, there was a of CD-117 label index
of 28.2%-+- (Table 2). This difference was significant (p<0.001). The
study group was further divided according to clinical course and
outcome. Group 1 consisted of the 7 patients with no evidence of
disease (Ned) at the end of the five years follow-up period; Group
2 consisted of the remaining 10 patients who died of the disease
due to loco-regional failure or distant metastases. Group 1 had a
label index of 42.6%-+- whereas group 2 had an average of 64%-+-.
However, this difference was not statistically significant (P=0.19).
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Table 1: Results for CD-117 reactivity in 17 patients with SCC of the tongue.

Gend €b-117 Total CD-117 Statu
Case Age e T N Differentiation
er HPF Spindle Fraction s +path

1 M 51 4.6 8 57.5% ned 1 0 0 well

2 F 45 1.4 3.9 35.9% ned 1 0 0 well

3 M 56 3.0 4.9 61.2% ned 2+ 0 0 well

4 M 71 2.8 9.6 29.2% ned 3 1 0 mod-well
5 F 50 0.6 39 15.4% ned 2 0 1 well

6 F 33 4.8 7.8 61.5% ned 2 1 1 mod-well
7 F 70 1.0 4.8 20.8% ned 1 0 0 well

8 F 54 4.4 7.7 57.1% dod 2 0 0 well

9 M 74 6.0 10.1 59.4% dod 2 0 0 mod-well
10 F 88 8.4 9.7 86.6% dod 2+ 0 0 well
11 M 39 4.4 6.6 66.7% dod 1 1 1 mod-poor
12 M 49 1.2 49 24.5% dod 2 0 0 mod-well
13 M 28 5.0 8.9 56.2% dod 2 2 1 mod
14 F 26 4.8 9.8 49.0% dod 2 1 2 mod-well
15 M 65 7.6 8.9 85.4% dod 2+ 0 0 well
16 F 62 2.2 8.4 26.2% dod 1 1 2 mod
17 F 70 11.2 11.3 99.1% dod 2 1 2 mod-well

M-male, F-female, HPF- High power field, ned-no evidence of disease, dod-died of disease, n+path- pathological

neck staging, dissection mod- moderate.

Table 2: Results for CD-117 reactivity in 8 patients with irritation fibroma of the tongue.

Case Gender Age CD-117 per HPF Total Spindle CD-117 Fraction
1 m 32 33 15 22.20%
2 m 66 3.6 12 30.10%
3 f 49 1.8 59 29.90%
4 m 28 3.2 14 22.50%
5 f 78 6.1 19 32.30%
6 f 52 5.3 22 24.00%
7 f 28 6.5 21 31.00%
8 m 41 6.6 19.5 33.80%
Discussion tissue origin. Therefore, the degradation of the extracellular matrix,

Carcinomas are not merely an uncontrolled proliferation of
malignant epithelial cells, but also consist of a dense, fibrous,
tumor-induced, surrounding host tissue2; [32-35] comprised of
fibroblasts, macrophages, lymphocytes, polymorph nuclear cells,
mast cells, and endothelial cells. In addition to the remodeled
stroma, the tissue contains extracellular matrix, growth factors,
regulatory molecules and remodeling enzymes, and proteases and
their inhibitors the desmoplastic reaction whereby the tumor cells
induce stromal remodeling involves processes of inflammation and
angiogenesis, matrix production, and tissue lysis and absorption
[34]. This cascade has some similarities to wound healing. Normally,
the basement membrane, composed of collagen type IV, laminin,
heparan sulfate, proteoglycans, and other macromolecules, is
capable of preventing the passive migration of tumor cells from their
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including the basement membrane component of the vessels and
interstitial stroma, is a key element in cancer progression. Most of
the degradation enzymes involved in the invasion of cancer cells is
produced by the altered stromal tissue.

These changes are expected mostly in invasive carcinoma and
not in benign tumor or carcinoma in situ. The presence of stromal
changes in carcinomas otherwise considered noninvasive is of
high prognostic significance [21,34,36-38]. The various structural
changes induced in the stroma by epithelial malignant cell activity
are consistent in various sites and histological types of carcinomas.
In carcinomas of the breast, gastrointestinal tract, and uteral cervix,
where fibroblasts are a normal part of the dermis and connective
tissue, three major histological trends have been identified: gradual
loss of fibroblasts followed by an elevation in the number of my

655


http://biomedres.us/submit-manuscript.php

D M Allon. Biomed ] Sci & Tech Res

Volume 1- Issue 3: 2017

fibroblasts positive for a-smooth muscle antigen (SMA) and the
appearance of CD-117-positivefibroblasts.

Fibroblasts play several roles in the regulation of tissue growth
and repair. They are matrix-producing and antigen-presenting,
and they also secrete platelet-derived growth factor (PDGF). The
distribution of my fibroblasts containing a-SMA, vimentin, desmin,
and common leukocyte antigen has been studied in SCC and other
epithelial hyperplastic lesions of the larynx.35Well- differentiated
SCC was found to be characterized by marked proliferation of my
fibroblasts and desmoplasia, with only scattered lymphocytes.
Poorly differentiated carcinoma showed only few my fibroblasts
and a heavy lymphocytic reaction. Normally, activation of
the receptor tyrosine kinase CD-117 by the kit-ligand (SCF)
[15,20,39,40] mast cell growth factor [5] or steel factor, [6-8] is
essential to melanocyte and germ cell development and the early
stages of hematopoiesis. Uncontrolled expression of the c-kit proto-
oncogene is characteristic of some malignancies, including myeloid
leukemias, [41] where the exact mutation site on the c-kit gene has
beenlocalized, [12] in addition to melanomas, [42-44] and germ cell
tumors. [45] Expression is most intense in mast cell diseases [9-13];
testicular germ cell tumors, [21,24,36,37] endometrial carcinomas,
[46] papillary and follicular thyroid carcinomas, [16,47] small
cell lung carcinomas, [26,48] malignant melanomas, [42-44] and
ovarian epithelial carcinomas express altered levels. Adenoid cystic
carcinoma of the salivary glands expresses CD-11749 in correlation
to its histological grade [49,50]. Several studies have suggested
that c-kit plays an autocrine role in normal or malignant epithelial
tissues. [51-53] accordingly, the over expression of both c-kit and its
ligand, SCEF, in colon cancer cells relative to cells of normal mucosa
[54]. Apparently establishes an autocrine c-kit-mediated loop, [19]
improving the invasive capability of the tumor cells and protecting
them from programmed cell death. [55] A similar co-expression
was also noted in some breast [19,51] and gynecological tumors
[52]. Furthermore, expression of the potential autocrine SCF/
c-kit axis in gastrointestinal carcinoma cell lines was inhibited by
transforming growth factor (TGF)-beta [56] and interleukin [57].
Others suggested that mutations in the c-kit genes were involved in
the pathogenesis of several neoplasms (Figure 1).

Figure 1: Normal mucosa (original magnificationX40)
showing the majority of fibroblasts negative for c-kit. Inset
(at magnification X200) exhibiting rare positive cells.

This finding was attributed, in some types of carcinoma, to
genetic alteration of the c-kit juxtamembrane domain (exon 11) and
tyrosine kinase domain (exon 17) during the process of malignant
transformation. [49,58] the expression of two types of aberrant
c-kit transcript mRNAs has been observed in various cancer cell
lines. [59] In SCC of the upper aerodigestive tract, CD-117-positive
fibroblasts have been reported in the stroma, along with a gradual
loss of fibroblasts and elevation in SMA-positive myofibroblasts. [32]
However, the authors themselves noted that chronic inflammation
mightalso be accompanied by a focal loss of CD34+ with no effect on
CD-117 levels. Another study indicated that in head and neck SCC,
immunosuppressive CD34+ progenitor cell levels increased in the
stroma; this elevation was also demonstrated in peripheral blood
[60]. In cultures, granulocyte-macrophage colony-stimulating
factor (GM-CSF) induced the proliferation and differentiation of
CD34+ cells into dendritic cells. The interaction between CD34+,
CD-117+, my fibroblasts, and mast cells is complicated and not
entirely clear. The presence of CD-117+ my fibroblasts in tumor-
associated but not in tumor-free stroma indicates that SCF or PDGF
or both might play a role in their proliferation. Additionally, GM-
CSF is closely related to macrophage colony-stimulating factor
(M-CSF), which is constitutively expressed in fibroblasts. [61] Given
that GM-CSF apparently down regulates CD-117 expression in mast
cells and in stromal my fibroblasts, [62] a reduction in fibroblasts
would be expected to lead to up regulation of CD-117 in stromal
my fibroblasts and in mast cells. Since fibroblasts serve as antigen-
presenting cells, their reduction or elimination from the stroma
makes it possible for invasive carcinoma cells to escape immune
surveillance and perform infiltration and distant metastatic spread.
The results of the present study suggest that higher labeling index
of positive c- kit fibroblasts in an oral SCC- supporting stroma, may
be serve as a diagnostic marker for more aggressive and infiltrative
biological behavior of the tumor. Furthermore, a recently FDA
approved chemotherapy agent, Imatinib mesylate, a competitive
inhibitor of tyrosine kinases, including cd-117and the platelet-
derived growth factor receptors (PDGF-R), binds to the ATP-binding
site of the target kinase and prevents the transfer of phosphate

from ATP to the tyrosine residues of various substrates (Figure 2).
s B
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Figure 2: SCC tumor front (original magnificationX100)
exhibiting multiple fibroblasts positive for c-kit. Inset
showing several positive spindle cells between tumor

islands.
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Up to date, this agent is approved for use only in chronic
myeloid leukemia, Philadelphia chromosome-positive acute
lymphoblastic leukemia expressing the BCR-ABL fusion protein
and gastrointestinal stromal tumors (GIST). At oral doses of 200-
600 mg, a clinical response, frequently complete, is associated with
limited toxicity. In other types of CD-117 associated tumors (Figure
3), such as small-cell lung carcinoma, melanoma, seminoma,
some sarcomas, and adenoid cystic carcinomas and clinical trials
to evaluate the role of Imatinib mesylate in the treatment of such
cancers are currently ongoing [62]. The aforementioned finings,
may support the rational, that more aggressive oral SCC with
evidence of stromal induction via the tyrosin-kinase cd-117 axis, is
expected to respond to inhibition of this mechanism by a selective

agent such as Imatinib mesylate.
s B

Figure 3: Same case as in figure 2, section from a tumor-
free margin showing only rare positive spindle cells
(original magnificationX100).

References

1. Cummings CW, Fredrickson JJM, Harker LA Otolaryngol Head Neck Surg.
(4™ edn) Elsvier Mosby, USA.

2. Tsuzuki S, Ota H, Hayama M, Akamastsu T, Kawasaki S, et al. (2001)
Proliferation of alpha-smoothmuscle actin-containing stromal cells
(myofibroblasts) in the lamina propria subjacent to intraepithelial
carcinoma of the esophagus. Scand ] Gastroenterol 36(1): 86-91.

3. Arteaga CL, Khuri F, Krystal G, Said S (2002) O verview of rationale and
clinical trials with signal transduction inhibitors in lung cancer. Semin
Oncol 29(1 Suppl 4): 15-26.

4. Elmore LW, Domson K, Moore JR, Kornstein M, Burks RT (2001)
Expression of c-kit (CD117) in benign and malignant human endometrial
epithelium. Arch Pathol Lab Med 125(1): 146-151.

5. Costa JJ, Demetri GD, Harrist T], Hayes DF, Galli S], et al. (1996)
Recombinant human stem cell factor (kit ligand) promotes human mast
cell and melanocyte hyperplasia and functional activation in vivo. ] Exp
Med 183(6): 2681-2686.

6. Li Q Kondoh G, Inafuku S, Hakura A, Nishimune Y (1996) Abrogation
of c-kit/Steelfactor- dependent tumorigenesis by Kkinase defective
mutants of the c-kit receptor: c-kit kinase defective mutants as candidate
tools for cancer gene therapy. Cancer Res 56(19): 4343-4346.

7. Caceres-Cortes JR, Alvarado-Moreno JA, Waga K, Haman A, Huqo P, et
al. (2001) Implication of tyrosine kinase receptor and steel factor in
cell density-dependent growth in cervical cancers and leukemias.
Cancer Res 61(16): 6281-6289.

Submission Link: http://biomedres.us/submit-manuscript.php

8. Keller]R, Ortiz M, Ruscetti FW (1995) Steel factor (c-kit ligand) promotes
the survival of hematopoietic stem/progenitor cells in the absence of
cell division. Blood 86(5): 1757-1764.

9. Tsuura Y, Hiraki H, Watanabe K (1994) Preferential localization of
c-kit product in tissue mast cells, basal cells of skin, epithelial cells
of breast, small cell lung carcinoma and seminoma/dysgerminoma
in human: immuno histochemical study on formalin-fixed, paraffin-
embedded tissues. Virchows Arch 424(2): 135.

10. Arber DA, Tamayo R, Weiss LM (1998) Paraffin section detection of thec-
kit gene product (CD117) in human tissues: value in the diagnosis of
mast cell disorders. Hum Pathol 29(5): 498-504.

11. Beil W], Fureder W, Wiener H, Mainer U, Valent P, et al. (1998) Phenotypic
and functional characterization of mast cells derived from renal tumor
tissues. Exp Hematol 26(2): 158-169.

12. Beghini A, Ripamonti CB, Castorina P, Pezzetti L, Morra E, et al. (2000)
Trisomy 4 leading to duplication of a mutated KIT allele in acute myeloid
leukemia with mast cell involvement. Cancer Gene Cytogenet 119(1):
26-31.

13.Costa JJ, Demetri GD, Harrist T], Hayes DF, Galli S], et al. (1996)
Recombinant human stem cell factor (kit ligand) promotes human mast
cell and melanocyte hyperplasia and functional activation in vivo. ] Exp
Med 183(6): 2681-2686.

14.Jeng YM, Lin CY, Hsu HC (2000) Expression of the c-kit protein is
associated with certain subtypes of salivary gland carcinoma. Cancer
Lett 154(1): 107-111.

15. Hines SJ, Organ C, Kornstein M]J, Krystal GW (1995) Co-expression of
the c-kit and stem cell factor genes in breast carcinomas. Cell Growth
Differ 6(6): 769-779.

16.Tanaka T, Umeki K, Yamamoto I, Kotani T, Ohtaki S, et al. (1995)
c-Kit proto-oncogene is more likely to lose expression in differentiated
thyroid carcinoma than three thyroid-specific genes: thyroid peroxidase,
thyroglobulin, and thyroid stimulating hormone receptor. Endocr ]
42(5): 723-728.

17.Inoue M, Kyo S, Fujita M, Enomoto T, Kondoh G (1994) Coexpression
of the c-kit receptor and the stem cell factor in gynecological tumors.
Cancer Res 54(11): 3049-3053.

18. Toyota M, Hinoda Y, Takaoka A, Itoh F, Yachi A, et al. (1993) Expression
of c-kit and kit ligand in human colon carcinoma cells. Tumour Biol
14(5): 295-302.

19.Bellone G, Silvestri S, Artusio E, Geuna M, Rodeck U, et al. (1997)
Growth stimulation of colorectal carcinoma cells via the c-kit receptor is
inhibited by TGF-beta 1.] Cell Physiol 172(1): 1-11.

20.Hassan S, Kinoshita Y, Kawanami C, Kishi K, Okada A, et al. (1998)
Expression of protooncogene c-kit and its ligand stem cell factor (SCF)
in gastric carcinoma cell lines. Dig Dis Sci 43(1): 8-14.

21. Rajpert De Meyts E, Skakkebaek NE (1994) Expression of the c-kitprotein
product in carcinoma-in-situ and invasive testicular germ cell tumours.
Int] Androl 17(2): 85-92.

22. Toyota M, Hinoda Y, Itoh F, Imai K, YachiA, et al. (1994) Complementary
DNA cloning and characterization of truncated form of c-kit in human
colon carcinoma cells. Cancer Res 54(1): 272-275.

23. Yamanishi Y, Maeda H, Hiyama K, Ishioka S, Yamakido M (1996) Specific
growth inhibition of small-cell lung cancer cells by adenovirus vector
expressing antisense c- kit transcripts. Jpn ] Cancer Res 87(5): 534-542.

24.Bokemeyer C, Kuczyk MA, Dunn T, Serth ], Jonas U, et al. (1996)
Expression ofstem-cell factor and its receptor c-kit protein in normal
testicular tissue and malignant germ-cell tumours. ] Cancer Res Clin
Oncol 122(5): 301-306.

667


http://biomedres.us/submit-manuscript.php
https://www.ncbi.nlm.nih.gov/pubmed/11218244
https://www.ncbi.nlm.nih.gov/pubmed/11218244
https://www.ncbi.nlm.nih.gov/pubmed/11218244
https://www.ncbi.nlm.nih.gov/pubmed/11218244
http://www.seminoncol.org/article/S0093-7754(02)50107-X/abstract
http://www.seminoncol.org/article/S0093-7754(02)50107-X/abstract
http://www.seminoncol.org/article/S0093-7754(02)50107-X/abstract
https://www.ncbi.nlm.nih.gov/pubmed/11151069
https://www.ncbi.nlm.nih.gov/pubmed/11151069
https://www.ncbi.nlm.nih.gov/pubmed/11151069
https://www.ncbi.nlm.nih.gov/pubmed/8676090
https://www.ncbi.nlm.nih.gov/pubmed/8676090
https://www.ncbi.nlm.nih.gov/pubmed/8676090
https://www.ncbi.nlm.nih.gov/pubmed/8676090
https://www.ncbi.nlm.nih.gov/pubmed/8813120
https://www.ncbi.nlm.nih.gov/pubmed/8813120
https://www.ncbi.nlm.nih.gov/pubmed/8813120
https://www.ncbi.nlm.nih.gov/pubmed/8813120
https://www.ncbi.nlm.nih.gov/pubmed/11507083
https://www.ncbi.nlm.nih.gov/pubmed/11507083
https://www.ncbi.nlm.nih.gov/pubmed/11507083
https://www.ncbi.nlm.nih.gov/pubmed/11507083
https://www.ncbi.nlm.nih.gov/pubmed/7544641
https://www.ncbi.nlm.nih.gov/pubmed/7544641
https://www.ncbi.nlm.nih.gov/pubmed/7544641
https://www.ncbi.nlm.nih.gov/pubmed/9596274
https://www.ncbi.nlm.nih.gov/pubmed/9596274
https://www.ncbi.nlm.nih.gov/pubmed/9596274
https://www.ncbi.nlm.nih.gov/pubmed/9472805
https://www.ncbi.nlm.nih.gov/pubmed/9472805
https://www.ncbi.nlm.nih.gov/pubmed/9472805
https://www.ncbi.nlm.nih.gov/pubmed/10812167
https://www.ncbi.nlm.nih.gov/pubmed/10812167
https://www.ncbi.nlm.nih.gov/pubmed/10812167
https://www.ncbi.nlm.nih.gov/pubmed/10812167
https://www.ncbi.nlm.nih.gov/pubmed/8676090
https://www.ncbi.nlm.nih.gov/pubmed/8676090
https://www.ncbi.nlm.nih.gov/pubmed/8676090
https://www.ncbi.nlm.nih.gov/pubmed/8676090
http://www.cancerletters.info/article/S0304-3835(00)00387-6/abstract
http://www.cancerletters.info/article/S0304-3835(00)00387-6/abstract
http://www.cancerletters.info/article/S0304-3835(00)00387-6/abstract
https://www.ncbi.nlm.nih.gov/pubmed/7545433
https://www.ncbi.nlm.nih.gov/pubmed/7545433
https://www.ncbi.nlm.nih.gov/pubmed/7545433
https://www.ncbi.nlm.nih.gov/pubmed/8574299
https://www.ncbi.nlm.nih.gov/pubmed/8574299
https://www.ncbi.nlm.nih.gov/pubmed/8574299
https://www.ncbi.nlm.nih.gov/pubmed/8574299
https://www.ncbi.nlm.nih.gov/pubmed/8574299
https://www.ncbi.nlm.nih.gov/pubmed/7514496
https://www.ncbi.nlm.nih.gov/pubmed/7514496
https://www.ncbi.nlm.nih.gov/pubmed/7514496
https://www.ncbi.nlm.nih.gov/pubmed/7694350
https://www.ncbi.nlm.nih.gov/pubmed/7694350
https://www.ncbi.nlm.nih.gov/pubmed/7694350
https://www.ncbi.nlm.nih.gov/pubmed/9207920
https://www.ncbi.nlm.nih.gov/pubmed/9207920
https://www.ncbi.nlm.nih.gov/pubmed/9207920
https://www.ncbi.nlm.nih.gov/pubmed/9508539
https://www.ncbi.nlm.nih.gov/pubmed/9508539
https://www.ncbi.nlm.nih.gov/pubmed/9508539
https://www.ncbi.nlm.nih.gov/pubmed/7517917
https://www.ncbi.nlm.nih.gov/pubmed/7517917
https://www.ncbi.nlm.nih.gov/pubmed/7517917
https://www.ncbi.nlm.nih.gov/pubmed/7505199
https://www.ncbi.nlm.nih.gov/pubmed/7505199
https://www.ncbi.nlm.nih.gov/pubmed/7505199
https://www.ncbi.nlm.nih.gov/pubmed/8641992
https://www.ncbi.nlm.nih.gov/pubmed/8641992
https://www.ncbi.nlm.nih.gov/pubmed/8641992
https://www.ncbi.nlm.nih.gov/pubmed/8609154
https://www.ncbi.nlm.nih.gov/pubmed/8609154
https://www.ncbi.nlm.nih.gov/pubmed/8609154
https://www.ncbi.nlm.nih.gov/pubmed/8609154

D M Allon. Biomed ] Sci & Tech Res

Volume 1- Issue 3: 2017

25. Holst VA, Marshall CE, Moskaluk CA, Frierson HF (1999) KIT protein
expression and analysis of c-kit gene mutation in adenoid cystic
carcinoma. Mod Pathol 12(10): 956-960.

26.Pietsch T, Nicotra MR, Fraioli R, Wolf HK, Natali PG, et al (1998)
Expression of the c-Kit receptor and its ligand SCF in non-small-cell lung
carcinomas. Int ] Cancer 75(2): 171-175.

27.Chui X, Egami H, Yamashita ], Ogawa M, Yamamoto S, et al. (1996)
Immuno histochemical expression of the c-kit proto-oncogene product
in human malignant and non-malignant breast tissues. Br ] Cancer
73(10): 1233-1236.

28. Krystal GW, Hines SJ, Organ CP (1996) Autocrine growth of small cell
lung cancer mediated by coexpression of c-kit and stem cell factor.
Cancer Res 56(2): 370-376.

29.HidaT,UedaR, Sekido Y, Hibi K, Suqiura T, et al. (1994) Ectopic expression
of c-kit in small- cell lung cancer. Int ] Cancer Suppl 8: 108-109.

30. Sekido Y, Obata Y, Ueda R, Hida T, Suyama M, et al. (1991) Preferential
expression of c-kit protooncogene transcripts in small cell lung cancer.
Cancer Res 51(9): 2416.

31.Roberts MM, Swart BW, Simmons PJ], To LB, Basser RL, et al. (1999)
Prolonged release and c- kit expression of haemopoietic precursor cells
mobilized by stem cell factor and granulocyte colony stimulating factor.
Br ] Haematol 104(4): 778-784.

32. Barth PJ, Schenckzu Schweinsberg T, Ramaswamy A, MollR (2004) CD34+
fibrocytes, alpha smooth muscle antigen-positive myofibroblasts, and
CD117 expression in the stroma of invasive squamous cell carcinomas
of the oral cavity, pharynx, and larynx . Virchows Arch 444(3): 231-234.

33.Rader AE, Avery A, Wait CL, Faiquel D, Heinrich MC, et al. (2001) Fine-
needle aspiration biopsy diagnosis of gastrointestinal stromal tumors
using morphology, immunocytochemistry, and mutational analysis
of c-kit. Cancer 93(4): 269-275.

34.Ohtani H (1998) Stromal reaction in cancer tissue: Pathophysiologic
significance of the expression of matrix-degrading enzimes in relation to
matrix turnover and immune/inflammatory reaction. Pathol Int 48(1):
1-9.

35.Zidar N, Gale N, Kambic V, Fischinger ] (2002) Proliferation of
myofibroblasts in the stroma of epithelial hyperplastic lesions and
squamous cell carcinoma of the larynx. Oncology 62(4): 381-385.

36.Jorgensen N, Muller ], Jaubert E Clausen OP, Skakkebaek NE (1997)
Heterogeneity of gonadoblastoma germ cells: similarities with
immature germ cells, spermatogonia and testicular carcinoma in situ
cells. Histopathology 30(2): 177-186.

37.Jorgensen N, Rajpert-De Meyts E, Graem N, Muller ], Giwercman A, et
al. (1995) Expression of immunohistochemical markers for testicular
carcinoma in situ by normal human fetal germ cells. Lab Invest 72(2):
223-231.

38. Rajpert De Meyts E, Kvist M, Skakkebaek NE (1996) Heterogeneity of
expression of immunohistochemical tumour markers in testicular
carcinoma in situ: pathogenetic relevance. Virchows Arch 428(3): 133-
139.

39. Fujio K, Evarts RP, Hu Z (1994) Expression of stem cell factor and its
receptor, c-kit, during liver regeneration from putative stem cells in
adult rat. Lab Invest 70(4): 511-516.

40.Rygaard K, Nakamura T, Spang-Thomsen M (1993) Expression of
the proto- oncogenes c-met and c-kit and their ligands, hepatocyte
growth factor/ scatter factor and stem cell factor, in SCLC cell lines and
xenografts. Br ] Cancer 67(1): 37-46.

41.Keller JR, Gooya JM, Ruscetti FW (1996) Direct synergistic effects of
leukemia inhibitory factor on hematopoietic progenitor cell growth:
comparison with other hematopoietins that use the gp130 receptor
subunit. Blood 88(3): 863-869.

Submission Link: http://biomedres.us/submit-manuscript.php

42.Luca MR, Bar-Eli M (1998) Molecular changes in human melanoma
metastasis. Histol Histopathol 13(4): 1225-1231.

43. Papadimitriou CA, Topp MS, Serve H, Reufi B, Thiel E, et al. (1995)
Recombinant human stem cell factor does exert minor stimulation
of growth in small cell lung cancer and melanoma cell lines. Eur ]
Cancer 31A(13-14): 2371-2378.

44.Lu C, Kerbel RS (1994) Cytokines, growth factors and the loss of negative
growth controls in the progression of human cutaneous malignant
melanoma. Curr Opin Oncol 6(2): 212-220.

45.Murty VV, Bosl GJ, Houldsworth ], Meyers M, Reuter V, et al. (1994)
Allelic loss and somatic differentiation in human male germ cell tumors.
Oncogene 9(8): 2245-2251.

46.Elmore LW, Domson K, Moore ]JR, Burks RT, Kornstein M (2001)
Expression of c-kit(CD117) in benign and malignant human endometrial
epithelium. Arch Pathol Lab Med 125(1): 146-151.

47.Natali PG, Berlingieri MT, Nicotra MR, Fusco A, Biqotti A, et al.
(1995) Transformation of thyroid epithelium is associated with loss
of c-kit receptor. Cancer Res 55(8): 1787-1791.

48. Sampietro G, Tomasic G, Collini P, Bidoli P, Pilotti S, et al. (2000) Gene
product immunophenotyping of neuroendocrine lung tumors. No
linking evidence between carcinoids and small-cell lung carcinomas
suggested by multivariate statistical analysis. Appl Immunohistochem
Mol Morphol 8(1): 49-56.

49.Jeng YM, Lin CY, Hsu HC (2000) Expression of the c-kit protein is
associated with certain subtypes of salivary gland carcinoma. Cancer
Lett 154(1): 107-111.

50. Holst VA, Marshall CE, Moskaluk CA, Frierson HF (1999) KIT protein
expression and analysis of c-kit gene mutation in adenoid cystic
carcinoma. Mod Pathol 12(10): 956-960.

51.Lahm H, Amstad P, Yilmaz A, Givel JC, Fischer JR, et al. (1995) Interleukin
4down-regulates expression of c-kit and autocrine stem cell factor in
human colorectal carcinoma cells. Cell Growth Differ 6(9): 1111-1118.

52.Inoue M, Kyo S, Fujita M, Enomoto T, Kondoh G (1994) Coexpression
of the c-kit receptor and the stem cell factor in gynecological tumors.
Cancer Res 54(11): 3049-3053.

53.Kondoh G, Hayasaka N, Li Q Hakura A, Nishimune Y (1995) An
in vivo model for receptor tyrosine kinase autocrine/paracrine
activation: auto-stimulated KIT receptor acts as a tumor promoting
factor in papillomavirus-induced tumorigenesis. Oncogene 10(2): 341-
347.

54.Hassan S, Kinoshita Y, Kawanami C, Ohashi A, Chiba T, et al. (1998)
Expression of protooncogene c-kit and its ligand stem cell factor (SCF)
in gastric carcinoma cell lines. Dig Dis Sci 43(1): 8-14.

55.Bellone G, Carbone A, Sibona N (2001) Aberrant activation of
c-kit protects colon carcinoma cells against apoptosis and enhances
their invasive potential. Cancer Res 61(5): 2200.

56.Bellone G, Silvestri S, Artusio E, Geuna M, Valente G, et al. (1997)
Growth stimulation of colorectal carcinoma cells via the c-kit receptor is
inhibited by TGF-beta 1. ] Cell Physiol 172(1): 1-11.

57.Takaoka A, Toyota M, Hinoda Y, Itoh F, Mita H, et al. (1997) Expression
and identification of aberrant c-kit transcripts in human cancer cells.
Cancer Lett 115(2): 257-261.

58. Garrity T, Pandit R, Wright MA, Keni S, Young MR, et al. (1997) Increased
presence of CD34+ cells in the peripheral blood of head and neck cancer
patients and their differentiation into dendritic cells. Int ] Cancer 73(5):
663-669.

59. Hartlapp I, Abe R, Saeed RW, Penq T, Metz CN, et al. (2001) Fibrocytes
induce an angiogenic phenotype in cultured endothelial cells and
promote angiogenesis in vivo. FASEB ] 15(12): 2215-2224.

668


http://biomedres.us/submit-manuscript.php
https://www.ncbi.nlm.nih.gov/pubmed/10530560
https://www.ncbi.nlm.nih.gov/pubmed/10530560
https://www.ncbi.nlm.nih.gov/pubmed/10530560
https://www.ncbi.nlm.nih.gov/pubmed/9462703
https://www.ncbi.nlm.nih.gov/pubmed/9462703
https://www.ncbi.nlm.nih.gov/pubmed/9462703
https://www.ncbi.nlm.nih.gov/pubmed/8630284
https://www.ncbi.nlm.nih.gov/pubmed/8630284
https://www.ncbi.nlm.nih.gov/pubmed/8630284
https://www.ncbi.nlm.nih.gov/pubmed/8630284
https://www.ncbi.nlm.nih.gov/pubmed/8542594
https://www.ncbi.nlm.nih.gov/pubmed/8542594
https://www.ncbi.nlm.nih.gov/pubmed/8542594
https://www.ncbi.nlm.nih.gov/pubmed/7515024
https://www.ncbi.nlm.nih.gov/pubmed/7515024
http://cancerres.aacrjournals.org/content/51/9/2416
http://cancerres.aacrjournals.org/content/51/9/2416
http://cancerres.aacrjournals.org/content/51/9/2416
https://www.ncbi.nlm.nih.gov/pubmed/10192440
https://www.ncbi.nlm.nih.gov/pubmed/10192440
https://www.ncbi.nlm.nih.gov/pubmed/10192440
https://www.ncbi.nlm.nih.gov/pubmed/10192440
https://www.ncbi.nlm.nih.gov/pubmed/14758552
https://www.ncbi.nlm.nih.gov/pubmed/14758552
https://www.ncbi.nlm.nih.gov/pubmed/14758552
https://www.ncbi.nlm.nih.gov/pubmed/14758552
https://www.ncbi.nlm.nih.gov/pubmed/11507701
https://www.ncbi.nlm.nih.gov/pubmed/11507701
https://www.ncbi.nlm.nih.gov/pubmed/11507701
https://www.ncbi.nlm.nih.gov/pubmed/11507701
https://www.ncbi.nlm.nih.gov/pubmed/9589457
https://www.ncbi.nlm.nih.gov/pubmed/9589457
https://www.ncbi.nlm.nih.gov/pubmed/9589457
https://www.ncbi.nlm.nih.gov/pubmed/9589457
https://www.ncbi.nlm.nih.gov/pubmed/12138247
https://www.ncbi.nlm.nih.gov/pubmed/12138247
https://www.ncbi.nlm.nih.gov/pubmed/12138247
https://www.ncbi.nlm.nih.gov/pubmed/9190360
https://www.ncbi.nlm.nih.gov/pubmed/9190360
https://www.ncbi.nlm.nih.gov/pubmed/9190360
https://www.ncbi.nlm.nih.gov/pubmed/9190360
https://www.ncbi.nlm.nih.gov/pubmed/7531795
https://www.ncbi.nlm.nih.gov/pubmed/7531795
https://www.ncbi.nlm.nih.gov/pubmed/7531795
https://www.ncbi.nlm.nih.gov/pubmed/7531795
https://www.ncbi.nlm.nih.gov/pubmed/8688967
https://www.ncbi.nlm.nih.gov/pubmed/8688967
https://www.ncbi.nlm.nih.gov/pubmed/8688967
https://www.ncbi.nlm.nih.gov/pubmed/8688967
https://www.ncbi.nlm.nih.gov/pubmed/7513770
https://www.ncbi.nlm.nih.gov/pubmed/7513770
https://www.ncbi.nlm.nih.gov/pubmed/7513770
https://www.ncbi.nlm.nih.gov/pubmed/7678980
https://www.ncbi.nlm.nih.gov/pubmed/7678980
https://www.ncbi.nlm.nih.gov/pubmed/7678980
https://www.ncbi.nlm.nih.gov/pubmed/7678980
https://www.ncbi.nlm.nih.gov/pubmed/8704242
https://www.ncbi.nlm.nih.gov/pubmed/8704242
https://www.ncbi.nlm.nih.gov/pubmed/8704242
https://www.ncbi.nlm.nih.gov/pubmed/8704242
https://www.ncbi.nlm.nih.gov/pubmed/9810513
https://www.ncbi.nlm.nih.gov/pubmed/9810513
https://www.ncbi.nlm.nih.gov/pubmed/8652271
https://www.ncbi.nlm.nih.gov/pubmed/8652271
https://www.ncbi.nlm.nih.gov/pubmed/8652271
https://www.ncbi.nlm.nih.gov/pubmed/8652271
https://www.ncbi.nlm.nih.gov/pubmed/8011699
https://www.ncbi.nlm.nih.gov/pubmed/8011699
https://www.ncbi.nlm.nih.gov/pubmed/8011699
https://www.ncbi.nlm.nih.gov/pubmed/7518576
https://www.ncbi.nlm.nih.gov/pubmed/7518576
https://www.ncbi.nlm.nih.gov/pubmed/7518576
https://www.ncbi.nlm.nih.gov/pubmed/11151069
https://www.ncbi.nlm.nih.gov/pubmed/11151069
https://www.ncbi.nlm.nih.gov/pubmed/11151069
https://www.ncbi.nlm.nih.gov/pubmed/7536131
https://www.ncbi.nlm.nih.gov/pubmed/7536131
https://www.ncbi.nlm.nih.gov/pubmed/7536131
https://www.ncbi.nlm.nih.gov/pubmed/10937049
https://www.ncbi.nlm.nih.gov/pubmed/10937049
https://www.ncbi.nlm.nih.gov/pubmed/10937049
https://www.ncbi.nlm.nih.gov/pubmed/10937049
https://www.ncbi.nlm.nih.gov/pubmed/10937049
http://www.cancerletters.info/article/S0304-3835(00)00387-6/abstract
http://www.cancerletters.info/article/S0304-3835(00)00387-6/abstract
http://www.cancerletters.info/article/S0304-3835(00)00387-6/abstract
https://www.ncbi.nlm.nih.gov/pubmed/10530560
https://www.ncbi.nlm.nih.gov/pubmed/10530560
https://www.ncbi.nlm.nih.gov/pubmed/10530560
https://www.ncbi.nlm.nih.gov/pubmed/8519688
https://www.ncbi.nlm.nih.gov/pubmed/8519688
https://www.ncbi.nlm.nih.gov/pubmed/8519688
https://www.ncbi.nlm.nih.gov/pubmed/7514496
https://www.ncbi.nlm.nih.gov/pubmed/7514496
https://www.ncbi.nlm.nih.gov/pubmed/7514496
https://www.ncbi.nlm.nih.gov/pubmed/7530826
https://www.ncbi.nlm.nih.gov/pubmed/7530826
https://www.ncbi.nlm.nih.gov/pubmed/7530826
https://www.ncbi.nlm.nih.gov/pubmed/7530826
https://www.ncbi.nlm.nih.gov/pubmed/7530826
https://www.ncbi.nlm.nih.gov/pubmed/9508539
https://www.ncbi.nlm.nih.gov/pubmed/9508539
https://www.ncbi.nlm.nih.gov/pubmed/9508539
https://www.ncbi.nlm.nih.gov/pubmed/9207920
https://www.ncbi.nlm.nih.gov/pubmed/9207920
https://www.ncbi.nlm.nih.gov/pubmed/9207920
http://www.cancerletters.info/article/S0304-3835(97)04746-0/fulltext
http://www.cancerletters.info/article/S0304-3835(97)04746-0/fulltext
http://www.cancerletters.info/article/S0304-3835(97)04746-0/fulltext
https://www.ncbi.nlm.nih.gov/pubmed/9398043
https://www.ncbi.nlm.nih.gov/pubmed/9398043
https://www.ncbi.nlm.nih.gov/pubmed/9398043
https://www.ncbi.nlm.nih.gov/pubmed/9398043
https://www.ncbi.nlm.nih.gov/pubmed/11641248
https://www.ncbi.nlm.nih.gov/pubmed/11641248
https://www.ncbi.nlm.nih.gov/pubmed/11641248

D M Allon. Biomed ] Sci & Tech Res

Volume 1- Issue 3: 2017

60. Welker P, Grabbe ], Zuberbier T, Grutzkau A, Henz BM (2001) GM-
CSF down modulates c-kit, FceRla and GM-CSF receptorexpression as
well as histamine and tryptase levels in cultured human mast cells. Arch
Dermatol Res 293(5): 249-258.

61. Chauhan H, Abraham A, Phillips JR, Walker RA, Jones JL, et al. (2003)
There is more than one kind of myofibroblast: analysis of CD34
expression in benign, in situ, and invasive breast lesions. ] Clin Pathol
56:271-276.

Submission Link: http://biomedres.us/submit-manuscript.php

62. Fiorentini G, Rossi S, Lanzanova G, Biancalani M, Palomba A, et al. (2003)
Tyrosine Kinase inhibitor imatinib mesylate as anticancer agent for
advanced ocular melanoma expressing immunoistochemical C-KIT (CD
117): preliminary results of a compassionate use clinical trial. ] Exp Clin
Cancer Res. 22(4 Suppl): 17-20.

Assets of Publishing with us

BIOMEDICAL

RESEARCHES

¢ Global archiving of articles
a : ¢ Immediate, unrestricted online access
L R
* P10 ﬁ e Rigorous Peer Review Process
o 9 ¢ Authors Retain Copyrights

T e Unique DOI for all articles

http://biomedres.us/

669


http://biomedres.us/submit-manuscript.php
https://www.ncbi.nlm.nih.gov/pubmed/11409570
https://www.ncbi.nlm.nih.gov/pubmed/11409570
https://www.ncbi.nlm.nih.gov/pubmed/11409570
https://www.ncbi.nlm.nih.gov/pubmed/11409570
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1769930/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1769930/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1769930/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1769930/
https://www.ncbi.nlm.nih.gov/labs/articles/16767900/
https://www.ncbi.nlm.nih.gov/labs/articles/16767900/
https://www.ncbi.nlm.nih.gov/labs/articles/16767900/
https://www.ncbi.nlm.nih.gov/labs/articles/16767900/
https://www.ncbi.nlm.nih.gov/labs/articles/16767900/
http://biomedres.us/

	Title
	Abbreviations
	Introduction
	Materials and Methods
	Study group
	Immuno histochemical procedure
	Quantification of positive cells 
	Statistical analysis

	Results
	Demographic data
	Follow-up
	Immuno histochemical staining
	Discussion
	References
	Figure 1
	Figure 2
	Figure 3
	Table 1
	Table 2

