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Abstract
Src-family tyrosine kinases (SFKs) play critical roles in regulating cellular proliferation in
epithelial cells, and SFK activity is increased in many human carcinomas. Src-activating and
signaling molecule (Srcasm) is a novel SFK substrate that downregulates SFK activityand
promotes keratinocyte differentiation. Srcasm has also been to shown to function as an anti-
oncogene in the epidermis and its levels are decreased in cutaneous squamous cell carcinoma
(SCC). The purpose of this study is to determine if Srcasm levels are decreased in esophageal SCC
(ESCC) compared with unremarkable mucosa. Given that Srcasm functions as an anti-onocogene
in squamous epithelium, we hypothesized that Srcasm levels should be decreased in esophageal
SCCs compared to unremarkable mucosa. To evaluate this hypothesis, we performed protein
immunohistochemistry for Srcasm on nine unremarkable esophageal mucosal specimens and
twelve esophageal SCCs. Our results show that Srcasm protein staining levels are decreased in
esophageal SCC compared to unremarkable mucosa. These data show that the pattern of Srcasm
staining inversely correlates with ESCC formation and is consistent with the hypothesis that
Srcasm may function as an anti-oncogene in esophageal squamous mucosa.
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INTRODUCTION
Esophageal squamous mucosa is a self-renewing tissue that maintains a stable barrier
through controlled regulation of keratinocyte growth and differentiation. The mechanisms
that regulate the transition of keratinocytes from proliferative to post-mitotic cells are
important for understanding esophageal disorders such as esophageal squamous cell
carcinoma (ESCC).

Src-family tyrosine kinases (SFKs) play critical roles in regulating cellular differentiation
and proliferation 1. Three SFKs, Src, Fyn and Yes, are ubiquitously expressed in human
tissues, including cutaneous and esophageal keratinocytes; whereas others such as Lyn, Lck,
Hck are mainly expressed in non-adherent cells of the hematopoietic system 1. Elevated
SFK activity has been observed in many kinds of human carcinomas, including colon
carcinoma, breast carcinoma, and non-small cell lung cancer 2–5. However, activating
mutations in SFKs are rarely found in human carcinomas suggesting that impaired negative
regulatory mechanisms likely account for the increased kinase activity 6, 7.
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Src-activating and signaling molecule (Srcasm) is a substrate of SFKs that binds to the
kinase after phosphorylation and targets it for degradation in the lysosome 8–10. In vitro
studies demonstrate that increased Srcasm is phosphorylated downstream of the EGF
receptor and SFKs in keratinocytes and modulates the activity of Erk 1/2 to promote
differentiation 8. In vivo studies using K14-Fyn transgenic mice, a model of epidermal
hyperplasia, demonstrate a thickened, hyperplastic epidermis that correlates with increased
Fyn expression 9. Increasing Srcasm levels using a double-transgenic system suppresses
Fyn-induced epidermal hyperproliferation, and promotes cellular differentiation. In contrast,
increased expression of a dominant-negative mutant form of Srcasm does not correct the
hyperproliferative phenotype. More recent studies with K14-Fyn Y528F/K14-Srcasm mice
show that raising Srcasm levels can inhibit skin SCC formation through a mechanism that
involves p53 and Notch 1 10. In this model, raising Srcasm levels decreases levels of
phospho-Erk 1/2, phospho-STAT-3, and phosphor-PDK-1.

Additional data suggesting that Srcasm plays a role in carcinogenesis include decreased
protein and transcript levels in human cutaneous SCCs, as determined by
immunohistochemistry, qRT-PCR, and Western blotting 8, 10, 11. Recent in vitro studies
suggest that Srcasm also may downregulate the EGF receptor through a lysosomal
mechanism that requires Grb2 12. Since increased EGF receptor activity is found in SCCs of
the GI tract and Srcasm is phosphorylated by EGF in cutaneous keratinocytes, it is
reasonable to suggest that Srcasm levels may be decreased in keratinocytic tumors of the GI
tract 13, 14.

Given these data, we hypothesized that Srcasm levels may be decreased in ESCC compared
to unremarkable mucosa. To evaluate this hypothesis, Srcasm immunohistochemical
staining levels were assessed in formalin-fixed esophageal SCCs and mucosal specimens.
The data show that Srcasm levels are decreased in ESCC compared to esophageal mucosa
(UNR). This pattern of Srcasm staining suggests that it may function as an anti-oncogene in
esophageal SCCs.

MATERIALS AND METHODS
Immunohistochemistry

This study utilized formalin-fixed, paraffin embedded surgical specimens from the archives
of the Department of Thoracic Surgery of the University of Zhengzhou in Zhengzhou,
Henan, China. These specimens were de-identified. Twelve cases of esophageal SCC and
nine specimens of unremarkable esophageal mucosa were evaluated. For all cases, recut
slides were stained with hematoxylin/eosin and examined to confirm the diagnoses. Rabbit
anti-Srcasm antibody was used in this study 11. In brief, sample slides were heated,
deparaffinized, rehydrated, and rinsed in distilled water. Antigen retrieval was performed by
incubating the slides in 10mM citrate buffer (pH6.0) at 85°C for 20 minutes, and then
allowing them to cool to room temperature, followed by washing in distilled water.
Endogenous peroxidase activity was blocked in 3% H2O2 for 10 minutes, then the slides
were washed three times in PBST. The tissue sections were blocked at room temperature for
1 hour with 10% normal goat serum, and then incubated with a 1:50 dilution of affinity
purified rabbit anti-Srcasm antibody over night at 4°C. Affinity purified biotinylated goat
anti rabbit polyclonal immunoglobulin (BD Biosciences Pharmingen, San Diego, CA, USA)
was applied to the tissue sections at a 1:100 dilution for 30 minutes. Prediluted streptavidin-
horseradish peroxidase (BD Biosciences Pharmingen San Diego, CA, USA) was applied to
the sections and incubated for 40 minutes, and histochemical development was performed
using a liquid 3,3′-Diaminobenzidine tetrahydrochloride substrate kit (Invitrogen San
Francisco, CA, USA). The slides were subsequently counterstained in hematoxylin,
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dehydrated, and cleared. Purified rabbit IgG was used as a negative control (Invitrogen San
Francisco, CA, USA). No significant staining was seen in the negative controls.

Analysis of staining intensity
All slides were evaluated independently by two individuals (YQ and JS) for staining
intensity and the extent of staining in esophageal squamous cell carcinoma (ESCC) and
unremarkable esophageal mucosa (UNR). The intensity of staining was graded as follows:
none = 1, weak = 2, moderate = 3, and strong = 4. The extent of staining as a percent of
positively staining cells was assessed as follows: 1–25% =1, 26–50% = 2, 51–75% = 3, 76–
100% =4. For each specimen a staining index was determined by multiplying the intensity
factor by the extent factor. The maximum staining index would be 16. For lesions with two
different staining patterns, for example weak staining in 50% of cells and moderate staining
in 50% of cells the index would be 2 × 2+3 × 2 =10.

Statistical analysis
The staining values were analyzed to determine the mean and standard deviation; a student’s
T-test was performed to determine the statistical significance of differences in the staining
values in the UNR and ESCC samples. Ap value < 0.05 was considered statistically
significantly.

RESULTS
Atotal of nine cases of unremarkable esophageal mucosa (UNR) and twelve cases of ESCC
were examined. No significant staining was seen with control antibody (Figs. 1C and D).
Immunohistochemical staining for Srcasm in unremarkable mucosa demonstrated staining in
the low and mid levels of the spinous layer. The staining signal appeared stronger in the
suprabasilar levels compared to the basal layer as would be expected for a protein associated
with differentiation (Figs. 1E and F). Minimal staining was seen in the lamina propria and
muscularis muscosa.

Immunohistochemical staining for Srcasm in ESCC lesions demonstrated weak Srcasm
staining in tumor cells and stronger Srcasm staining in adjacent unremarkable mucosa, in the
subset of samples that contained portions of mucosa (Figs. 2E and F).

To further characterize the inverse relationship in Srcasm staining between the UNR and the
ESCC samples, a semiquantitative analysis of staining was performed. The Srcasm staining
index of ESCCs was decreased significantly compared to UNR samples (11.2 +/− 3.6 vs 4.7
+/− 1.5) (Table 1). This observed difference in staining was statistical significantly (p <
0.01).

DISCUSSION
To characterize the levels of Srcasm in human esophageal mucosa and ESCC,
immunohistochemical analysis was performed. The data show that the Srcasm staining is
significantly stronger in esophageal mucosa than in ESCCs (Figs. 1 and 2). Decreased
Srcasm staining was seen in all the SCC samples suggesting that decreased Srcasm levels
are a common molecular feature of ESCC. Such data implicate decreased Srcasm levels in
the pathogenesis of ESCC, which is similar to data seen in cutaneous SCCs 8, 10. The data
presented suggest that decreased Srcasm levels may be a distinguishing factor between
unremarkable esophageal mucosa and ESCC.

Previous studies have shown that EGFR is upregulated in ESCC 15, 16. Our prior work has
shown that SFKs are activated downstream of EGF and TGF-α in human cutaneous
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keratinocytes, and that this activation leads to phosphorylation of Srcasm and promotes
kinase downregulation through a lysosomal dependent mechanism 8. Recent in vitro studies
show that Srcasm plays a role in targeting activated EGF receptor for endosomal
degradation 12. The observation of decreased Srcasm levels in ESCC provides a plausible
mechanism for increasing EGFR and SFK activity in these tumors (Fig. 3).

Srcasm functioning as an anti-oncogene and its levels being inversely related to SFK activity
in human carcinoma were first described in cutaneous SCC and related precursor lesions 17.
These studies showed that actinic keratoses, cutaneous squamous cell carcinoma in situ
(SCISs), and cutaneous squamous cell carcinomas demonstrated elevated levels of activated
SFKs compared to unremarkable skin. Subsequent studies have shown that Srcasm levels
are decreased in these same lesions using immunohistochemistry, qRT-PCR, and western
blotting 8, 10. Together, these studies show that there is an inverse relationship between SFK
activity and Srcasm levels in cutaneous SCCs, which should be further investigated in
ESCCs and related precursor lesions.

Recent data show that Src kinases can negatively regulate Notch 1 in cutaneous squamous
cell carcinoma 10. Previous studies have shown that Notch 1 protein appears to promote
differentiation and is highly expressed in the basal layer of the murine esophagus and human
epidermis 18, 19. As in cutaneous SCCs, ESCCs have lower levels of Notch1 compared to
adjacent unremarkable epithelium 20. Therefore, there appears to be downregulation of both
Notch 1 and Srcasm in SCCs of the skin and esophagus.

The data presented parallel studies in the skin and confirm that Srcasm levels are decreased
in ESCC compared to esophageal mucosa. The results of this study suggest that Srcasm
levels in ESCC and esophageal unremarkable epithelium are likely inversely related to
EGFR protein levels 21, 22. This conclusion would be consistent with data from human
cutaneous keratinocytes showing that Srcasm acts as a negative regulator of tyrosine kinase
signaling downstream of EGFR and SFK signaling 8.

These data provide support for the hypothesis that Srcasm may function as an anti-oncogene
in ESCC by negatively regulating EGFR levels and EGFR-dependent activation of
SFKs 8, 9.
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Figure 1. Immunohistochemical staining for Src-activating and signaling molecule (Srcasm) in
unremarkable esophageal mucosa
A and B) H+E staining of mucosa showing low and high magnification. C and D) Negative
control slides using purified rabbit IgG as the primary antibodyshowed no staining. E and
F) Srcasm antibody demonstrates strong staining of mucosal epithelium in the lower levels
above the basal cell layer. N=9
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Figure 2. Immunohistochemical staining for Src-activating and signaling molecule (Srcasm) in
esophageal squamous cell carcinoma (ESCC)
A and B) H+E staining of ESCC showing low and high magnification of tumor and
unremarkable mucosa (UNR). C and D) Negative control slides using purified rabbit IgG as
the primary antibody showed no staining of mucosa or tumor. E and F) Srcasm antibody
demonstrates strong staining of mucosa and weak staining of ESCC. N=12
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Figure 3. Srcasm may negatively regulate tyrosine kinase signaling in human esophageal
squamous cell carcinoma
Srcasm is a component of the EGFR and SFK signaling pathway, and act as a negative
regulator of both molecules 9, 12. Our data show that Srcasm protein levels are decreased in
esophageal SCC compared to esophageal mucosa. We hypothesize that decreased Srcasm
levels promote increased EGFR and SFK activity.
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Table 1
Srcasm staining indices for UNR and ESCC

The staining indices for Srcasm in unremarkable esophageal epithelium (UNR, 11.2 +/− 3.6) and esophageal
squamous cell carcinoma (ESCC, 4.7 +/− 1.5) are shown. Standard deviations are indicated.
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