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Abstract
Background & Aims—Protein tyrosine kinase 6 (PTK6) is expressed throughout the
gastrointestinal tract and is a negative regulator of proliferation that promotes differentiation and
DNA-damage induced apoptosis in the small intestine. PTK6 is not expressed in normal mammary
gland, but is induced in most human breast tumors. Signal transducer and activator of transcription
3 (STAT3) mediates pathogenesis of colon cancer and is a substrate of PTK6. We investigated the
role of PTK6 in colon tumorigenesis.

Methods—Ptk6 +/+ and Ptk6 −/− mice were injected with azoxymethane alone or in
combination with dextran sodium sulfate; formation of aberrant crypt foci (ACF) and colon
tumors was examined. Effects of disruption of Ptk6 on proliferation, apoptosis, and STAT3
activation were examined by immunoblot and immunohistochemical analyses. Regulation of
STAT3 activation was examined in the HCT116 colon cancer cell line and young adult mouse
colon (YAMC) cells.

Results—Ptk6 −/− mice developed fewer azoxymethane-induced ACF and tumors. Induction of
PTK6 increased apoptosis, proliferation, and STAT3 activation in Ptk6 +/+ mice injected with
azoxymethane. Disruption of Ptk6 impaired STAT3 activation following azoxymethane injection,
and reduced active STAT3 levels in Ptk6 −/− tumors. Stable knockdown of PTK6 reduced basal
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levels of active STAT3, as well as activation of STAT3 by epidermal growth factor in HCT116
cells. Disruption of Ptk6 reduced activity of STAT3 in YAMC cells.

Conclusions—PTK6 promotes STAT3 activation in the colon following injection of the
carcinogen azoxymethane and regulates STAT3 activity in mouse colon tumors and in the
HCT116 and YAMC cell lines. Disruption of Ptk6 decreases azoxymethane-induced colon
tumorigenesis in mice.
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INTRODUCTION
Protein tyrosine kinase 6 (PTK6; also called BRK for breast tumor kinase) belongs to a
family of intracellular tyrosine kinases related to but distinct from the Src family [reviewed
in 1–3]. It is expressed in normal epithelial cells of the gastrointestinal tract 4–7. Disruption
of the mouse Ptk6 gene resulted in increased epithelial cell proliferation, villus length and
crypt depth, and enhanced levels of nuclear β-catenin in crypt cells in the small intestine.
Maturation of enterocytes was delayed in Ptk6 −/−mice 8. Recently, we showed that PTK6
associates with β-catenin and negatively regulates β-catenin/TCF transcriptional activity 9.
Knockdown of PTK6 in the SW620 colon cancer cell line led to an increase in β-catenin/
TCF transcriptional activity and increased expression of β-catenin/TCF target genes. Ptk6 −/
− mice displayed increased expression of a β-catenin/TCF regulated reporter in the mouse
gastrointestinal tract 9, providing additional evidence that Ptk6 can act as an inhibitor of β-
catenin/TCF transcription in vivo.

Alterations in PTK6 expression and/or localization influence its functions. Although
normally expressed in nondividing differentiated epithelial cells in the intestine, we found
that PTK6 is induced in mouse small intestinal crypt epithelial cells following total body
γirradiation10. Induction of PTK6 in proliferating progenitor cells following DNA damage
led to increased apoptosis and inhibition of prosurvival signaling 10. PTK6 is not expressed
in normal mammary gland or ovary, but is detected in breast tumors 11–14 and high-grade
ovarian carcinomas 15. In breast cancer cells, PTK6 promotes activation of signaling
pathways that promote oncogenesis [reviewed in 1, 2]. In normal prostate, PTK6 is expressed
in nuclei of luminal epithelial cells, but is relocalized to the cytoplasm in prostate tumors 16.
Recently we determined that cytoplasmic PTK6 has growth promoting functions in prostate
cancer cells 17, and is able to directly phosphorylate and promote AKT activation in
response to EGF 18.

Signal transducers and activators of transcription (STATs) regulate many fundamental
biological processes, such as proliferation, cell survival, angiogenesis and the immune
response 19. PTK6 enhances activating tyrosine phosphorylation of STAT3 20 and STAT5a
and 5b 21 in cell lines. PTK6 also phosphorylates the adaptor protein STAP2 22, which plays
a role in STAT3 activation 23, 24. Activated STAT3 has been implicated in many types of
cancer, including colorectal cancer 25, 26.

Colorectal cancer is the second leading cause of cancer-related deaths in the United
States 27. Given that PTK6 promotes both differentiation 8 and apoptosis 10 in the mouse
small intestine, we initially hypothesized that PTK6 might have tumor suppressor functions
in the colon. However, we found that Ptk6 −/− mice are resistant to the colon carcinogen
azoxymethane (AOM) when compared with wild type counterparts. Resistance to AOM
correlates with impaired STAT3 activation and reduced expression of STAT3 targets in Ptk6
−/− mice. Although PTK6 regulates growth suppression and differentiation in the normal
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intestine, our data indicate that PTK6 is able to promote STAT3 activation and development
of colorectal cancers in vivo.

MATERIALS AND METHODS
Animals and Tissues

The B6.129SV-Ptk6tm1Aty 2.8 mouse line was previously described 8. The 11.6 line was
generated like the 2.8 line from an independent ES cell clone. B6.129SV mice were
backcrossed with inbred C57BL6/J (B6) mice for more than twelve generations to generate
Ptk6 +/+ and Ptk6 −/− in the B6 background. Sex and age matched B6.129SV or B6 mice
were analyzed in different experiments as indicated.

For apoptosis and proliferation studies, Ptk6 +/+ and Ptk6 −/− B6.129SV mice were injected
with 15 mg/kg of AOM and sacrificed 6 or 72 hours later. In the AOM/DSS combination
model Ptk6 +/+ and Ptk6 −/− B6 mice were given a single injection of AOM (10 mg/kg),
and one week after injection, animals received 2% DSS in their drinking water for 7 days 28.
Animals were sacrificed at 20 weeks. In the AOM colon tumorigenesis model Ptk6 +/+ and
Ptk6 −/− B6 mice were injected with AOM (10 mg/kg) once a week for 6 consecutive weeks
and sacrificed at the end of 39 weeks. Colon tissues were fixed in 4% paraformaldehyde.
Protein lysates were prepared from distal colon as previously described 8.

Cell Culture
HCT116 cells (ATCC CCL-247) were cultured in Dulbecco’s modified Eagle medium
(DMEM) containing 10% fetal bovine serum. Cells were serum starved for 48 hours and
stimulated with EGF (25 ng/ml). Immortalized young adult mouse colon (YAMC) epithelial
cells were a gift from Robert Whitehead (Vanderbilt University Medical Center, Nashville,
TN) 29. Ptk6 −/− YAMC cells have been described 30. Control YAMC and Ptk6 −/− YAMC
cells were grown with INF-γ (5 U/ml) at 33°C in RPMI 1640 medium supplemented with
10% fetal bovine serum. Ptk6 −/− YAMC cells were dissociated with Cellstripper
(Mediatech Inc, Manassas, VA).

Immunoblotting and Antibodies
Immunoblotting was performed as described 8, using anti-human PTK6 (C-18, G-6), anti-
mouse PTK6 (C-17) (Santa Cruz Biotechnology, Inc., Santa Cruz, CA); cleaved-Caspase-3,
phospho-STAT3 (Tyr705), STAT3 (9132) and Bcl-xL (54H6) (Cell Signaling Technology,
Beverly, MA); β-actin (Sigma-Aldrich, St, Louis, MO); anti-Heat Shock Protein 70 (clone
3A3, Millipore, Billerica, MA); and anti-Cyclin D1 (DCS 6, Thermo Fisher Scientific Inc.,
Fremont, CA). Secondary antibodies (donkey anti-rabbit or sheep anti-mouse conjugated to
horseradish peroxidase, Amersham Biosciences, Piscataway, NJ) were detected by
chemiluminescence with SuperSignal® West Dura Extended Duration Substrate (Pierce,
Rockford, IL).

Identification of ACF
Mice at 6–8 weeks of age were subjected to weekly injections of AOM (10 mg/kg) in sterile
saline for 6 weeks and sacrificed 4 weeks after the last injection. Whole mount colons were
fixed in 70% EtOH and stained with methylene blue. Total numbers of ACF were counted
independently in a blinded fashion by two individuals using light microscopy 31.

Immunohistochemistry
Immunohistochemistry was performed using anti-cleaved-Caspase-3 (Cell Signaling
Technology) and the Vectastain ABC Kit (Vector Laboratories, Burlingame, CA) according
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to manufacturer’s instructions. Reactions were visualized with FITC-Avidin DCS (Vector
Laboratories). Nuclei were stained with 4′,6-diamidino-2-phenylindole (DAPI).
Immunohistochemistry was performed with anti-PTK6 (C-17, Santa Cruz Biotechnology),
STAT3 and P-Y705-STAT3 antibodies (Cell Signaling Technology). Tyramide
amplification (TSA™ Biotin System, PerkinElmer, Waltham, MA) was performed to detect
P-Y705 STAT3 according to manufacturer’s instructions. Reactions were visualized with
3,3′-diaminobenzidine (DAB) and in some cases counterstained with hematoxylin. Controls
were performed with normal rabbit or normal mouse serum.

PTK6 Knockdown in HCT116 Cells
The MISSION TRC shRNA Target Set directed against PTK6 was purchased from Sigma-
Aldrich. Lentiviruses expressing TRCN0000021459 (shRNA49), TRCN0000021552
(shRNA52) and empty vector were produced in the HEK293FT packaging cell line by co-
transfection with compatible packaging plasmids HIV trans and VSVG 32. HCT116 cells
were infected and placed in selection medium containing 1 μg/ml puromycin for 2 weeks.

Statistics
Quantitative analyses were performed using the NIH Image J program 33. Results are shown
as the mean ± SD. P-values were determined using the 2-tailed Student’s T test (Microsoft
Excel, 2004). A difference was considered statistically significant if the P-value was equal to
or less than 0.05.

RESULTS
Disruption of the Ptk6 gene reduces ACF formation in vivo

To examine contributions of PTK6 to colon cancer, wild type and Ptk6 −/− mice were
treated with the carcinogen AOM that induces aberrant crypt foci (ACF) and colon tumors
in rodents 34. ACF are abnormally large raised colonic crypts that are proposed precursors of
colorectal carcinoma [reviewed in 35] that can be visualized by methylene blue staining of
whole mount colons. We examined ACF formation in two independently derived lines of
Ptk6 −/− mice, termed 2.8 and 11.6. Wild type and Ptk6 −/− mice were subjected to weekly
injections of AOM for 6 weeks and sacrificed 4 weeks after the last injection. Typical ACF
are shown in Figure 1A. We found that wild type mice exhibited a significantly higher
incidence of ACF formation compared with Ptk6 −/− mice (Figure 1B). Colons of both Ptk6
+/+ and Ptk6 −/− mice that were subjected to AOM were divided into 1 cm sections from
the proximal (cecum) to distal (rectum) end, and the number of ACF per cm was recorded.
Most ACF formed in the distal 3 cm of the colon (Figure 1C). The B6.129SV 2.8 and 11.6
lines of Ptk6 −/− mice were both resistant to ACF formation.

Ptk6 −/− mice are resistant to AOM induced tumorigenesis
Treatment with AOM and dextran sodium sulfate (DSS), which induces injury and
inflammation and acts as a tumor promoter, leads to rapid development of adenocarcinomas
in the mouse colon 28. To determine consequences of disruption of the Ptk6 gene on AOM-
DSS induced tumor formation, age-matched wild type and Ptk6 −/− mice were given a
single intraperitoneal injection of AOM and then 2% DSS in their drinking water for one
week, followed by monitoring for 20 weeks (Figure 2A). Wild type mice showed higher
mortality and morbidity upon treatment with a loss of 50% of treated mice. Ptk6 −/− mice
showed 80% survival and lower morbidity upon treatment compared with wild type controls
(Figure 2B). Wild type and Ptk6 −/− mice that survived until the end of the 20-week study
were sacrificed and whole mount colons were examined from the proximal to distal end
(cecum to rectum) using light microscopy. Large nodular and polyploid colonic tumors were
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observed in the distal halves of the colons of wild type mice, corresponding to the region
that developed the most ACF. The number and size of tumors were substantially reduced in
Ptk6 −/− mice when compared with control wild type mice (Figure 2C; Supplemental Figure
S1A). Tumors that formed in the wild type animals displayed high-grade dysplasia with
some areas consistent with intramucosal carcinoma. In contrast, most adenomas that
developed in Ptk6 null mice displayed low-grade dysplasia (Figure 2D).

While C57BL/6J mice are resistant to tumor development induced by AOM alone, we also
injected B6 Ptk6 +/+ and Ptk6 −/− mice with AOM for 6 consecutive weeks and then
sacrificed mice at 39 weeks. We discovered greater numbers of tumors in wild type mice
than in Ptk6 −/− mice (Supplemental data, Figure S1B). This suggests that PTK6 does not
require DSS treatment and a strong inflammatory environment to promote tumorigenesis.

PTK6 expression is induced in colonic crypts after AOM treatment and promotes
apoptosis and compensatory proliferation

PTK6 expression is induced in small intestinal crypts following irradiation, where it is
required for efficient DNA-damage induced apoptosis 10. To begin to understand the role of
PTK6 following AOM induced DNA damage, PTK6 expression and localization were
examined in untreated and AOM treated B6.129SV wild type mice using
immunohistochemistry. Consistent with previous data 8, PTK6 protein expression was
largely confined to non-proliferative differentiated cells at the surface epithelium of the
colon in untreated mice (Figure 3A, 0 h). However, following AOM treatment, PTK6
expression was induced in the crypts, with strong expression localized to single cells within
the proliferative zone (Fig 3A, 6 h and 72 h).

Deregulation of apoptosis and/or proliferation may contribute to the development of
cancer 36. AOM regulates apoptosis and proliferation, with apoptosis occurring between 4
and 8 hours and peak proliferation around 72 hours following a single injection of AOM in
rodents 37. To examine the role that PTK6 plays in AOM induced apoptosis, Ptk6 +/+ and
Ptk6 −/− B6 mice were sacrificed at 6 and 72 hours post AOM injection.
Immunohistochemistry for cleaved Caspase-3 revealed little spontaneous apoptosis in
untreated colons of wild type and Ptk6 −/− mice. However, a significant increase in
apoptosis was detected in Ptk6 +/+ mice compared with Ptk6 −/− mice at the 6-hour time
point following AOM treatment (Figure 3B and C). These data are consistent with prior
reports that PTK6 expression plays an important role in DNA damage-induced apoptosis in
the small intestinal epithelium 10. Immunoblotting also revealed higher levels of cleaved
Caspase-3 at 6 hours post AOM injection in wild type mice (Figure 3D).

To determine if PTK6 expression has an effect on proliferation Ptk6 +/+ and Ptk6 −/−
B6.129SV mice were subjected to a single injection of AOM and sacrificed 6 and 72 hours
post injection. Two hours prior to sacrifice, mice were injected with bromodeoxyuridine
(BrdU) and proliferative cells were identified using a BrdU monoclonal antibody (Fig 3E
and F). Comparable levels of proliferation were detected in untreated wild type and Ptk6 −/−
mice (Fig 3E, 0 h). However, a significant increase in proliferation was detected in wild type
mice compared with Ptk6 −/− mice at the 6-hour time point post AOM injection (Figure 3F).

Disruption of Ptk6 impairs activation of STAT3 in vivo and in vitro
To identify signaling pathways downstream of PTK6, we examined expression and
activation of AKT, ERK1/2 and STAT3. In the mouse small intestine, we previously
showed that PTK6 negatively regulates AKT and ERK1/2 activity after irradiation, but we
were unable to detect differences in activation of these signaling proteins in wild type and
Ptk6 −/− colons after AOM injection. STAT3 activation has been linked to colon
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tumorigenesis 25, 26, and PTK6 was shown to phosphorylate and activate STAT3 in cell
lines 20. In untreated Ptk6 +/+ and Ptk6 −/− mice, we saw comparable levels of total and
phospho-STAT3. However, at 6 and 72 h post AOM administration, we detected
pronounced STAT3 activation only in wild type mice (Figure 4A and B) by examining
phosphorylation of STAT3 tyrosine residue 705 (P-STAT3). A corresponding increase in
expression of proteins encoded by genes that are activated by STAT3, including Bcl-xL 38,
Hsp70 39, and Cyclin D1 40 was detected in lysates isolated from wild type colons after
AOM treatment (Figure 4A, Supplemental Figure S3).

Disruption of Ptk6 impaired STAT3 activation after AOM administration, and basal levels
of tyrosine phosphorylated STAT3 were not maintained in Ptk6 −/− mice, relative to levels
at the 0 h timepoint (Figure 4A and B). Decreased levels of active P-STAT3 were also
detected in Ptk6 −/− mice at 6 h post AOM injection using immunohistochemistry (Figure
4C). At later times, P-STAT3 levels were reduced in the AOM/DSS induced tumors that
developed in Ptk6 −/− mice shown in Figure 2 (Figure 4D). Following AOM-induced DNA
damage, PTK6 promotes activation of STAT3 by tyrosine phosphorylation in wild type
mice. The significant reduction in STAT3 activation after AOM administration and in
established tumors may account for the reduced tumor burden in Ptk6 −/− mice. These data
suggest a non-redundant role for PTK6 in regulating STAT3 activity.

The colon is a complex tissue and the colonic epithelial cells receive signals from a variety
of neighboring cell types including mesenchymal cells and inflammatory cells. To determine
if PTK6 is able to regulate STAT3 activation in an epithelial cell autonomous manner, we
turned to the HCT116 colon cancer epithelial cell line that expresses moderate levels of
endogenous PTK6. Lysates were prepared from selected stable pools of HCT116 cells
containing the lentiviral vector control or one of two different shRNAs that target PTK6
(shRNA49 and shRNA52), and total STAT3 and P-STAT3 levels were examined by
immunoblotting. Baseline levels of P-STAT3 are higher in the vector control stable cell
lines than in stable cell lines with knockdown of PTK6, indicating that PTK6 expression
contributes to constitutive activation of STAT3 in HCT116 cells (Figure 5A, B). Each of the
stable pools was also serum starved for 48 hours and then stimulated with EGF for 2, 5 and
10 minutes. Phosphorylation of STAT3 is evident by two minutes post EGF addition in the
vector control cells, but not in the Ptk6 knockdown cells (Figure 5C, D), demonstrating that
PTK6 is required for EGF induced activation of STAT3.

We also examined STAT3 activation and PTK6 expression in immortalized young adult
mouse colon (YAMC) cells isolated from wild type and Ptk6 −/− mice 30. Higher levels of
P-STAT3 and proteins encoded by genes activated by STAT3, including Bcl-xL and Cyclin
D1 were detected in lysates from wild type YAMC cells compared with Ptk6 −/− YAMC
cells (Figure 5E and F). In general, the level of STAT3 activation correlates well with PTK6
expression, underscoring a role for PTK6 in regulating STAT3 activation in colon cells.

DISCUSSION
PTK6 is not expressed in the normal mammary gland, but is expressed in a majority of
breast tumors [reviewed in 1, 2]. In contrast, PTK6 is expressed in the normal linings of the
gastrointestinal tract and skin, where it is primarily localized to nondividing differentiated
epithelial cells 5. Disruption of mouse Ptk6 revealed that it plays roles promoting growth
arrest and maturation of columnar epithelial cells in the small intestine 8. In addition, PTK6
expression is induced in small intestinal crypts after DNA damage, where it inhibits
prosurvival signaling and promotes apoptosis. Enhanced apoptosis was accompanied by
increased compensatory cell proliferation that could counteract the loss of cells to maintain
normal tissue homeostasis 10. Similar to the response to γ-irradiation in the small
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intestine 10, PTK6 expression was induced, and apoptosis and proliferation were enhanced
in colons of wild type mice compared with Ptk6 −/− mice following injection of the DNA-
damaging agent AOM (Figure 3). Here we demonstrate that PTK6 contributes to colon
tumorigenesis in the AOM/DSS and AOM mouse models of colon cancer.

STAT3 plays a critical role regulating proliferation, survival, migration, and
inflammation 19. Epithelial STAT3 plays essential roles in the initiation and progression of
skin cancer 41, 42, pancreatic ductal adenocarcinoma 43, 44 and colitis associated colon
cancer 25, 26. Disruption of Stat3 specifically in intestinal epithelial cells compromised
proliferation in response to DSS alone and in the AOM/DSS tumorigenesis model 26. We
found that disruption of the Ptk6 gene impaired activation of STAT3 following AOM
administration. By six hours post AOM injection, we see induction of PTK6 in distal colonic
crypts, increased apoptosis and proliferation in wild type mice (Figure 3). We show that
PTK6 regulates activating tyrosine phosphorylation of STAT3 in the colon after AOM
induced DNA damage, providing the first evidence that PTK6 controls STAT3 activation in
vivo (Figure 4). Increased STAT3 activation would enhance survival and promote expansion
of cells bearing mutations. Our in vivo data suggest that in addition to its role in tumor
initiation, PTK6 also regulates STAT3 activation in established tumors (Figure 4D).

STAT3 is constitutively active in many human cancers and tumor cell lines 45, including the
HCT116 human colon adenocarcinoma cell line (Figure 5). PTK6 plays a critical role
maintaining constitutive activation of STAT3 in the HCT116 colon cancer cell line, and is
important for modulating the response of these cells to EGF. Interestingly, EGF receptor
(EGFR) signaling contributes to tumor progression in the mouse AOM model 46, and the
ability of EGFR to activate STAT3 signaling would be impaired in the Ptk6 −/− mice. Basal
levels of STAT3 activation were also reduced in Ptk6−/− YAMC cells compared with wild
type control YAMC cells (Figure 5E, F).

Previously, we demonstrated that nuclear PTK6 inhibits β-catenin/TCF transcription 9. To
determine if disruption of Ptk6 has an impact on tumorigenesis in ApcMin+ mice that display
increased β-catenin/TCF transcriptional activity 47, Ptk6 −/− mice were crossed with
ApcMin+ mice to generate Ptk6 +/+ and Ptk6 −/− ApcMin+ animals. Disruption of Ptk6 did
not significantly impact survival or tumor formation in ApcMin+ mice (Figure S2). Intestinal
cancers are believed to originate from crypt stem cells 48, and PTK6 is normally expressed
in differentiated nondividing epithelial cells where it would not be able to contribute to
tumor initiation. However, PTK6 is induced in intestinal crypts after DNA damage caused
by the administration of AOM (Figure 3A) or γ-irradiation 10. It is possible that disruption
of Ptk6 might have a more profound impact on tumor growth in ApcMin+ mice following
DNA damage induced by repetitive administration of chemotherapeutic drugs or radiation.

PTK6 has context dependent functions that differ depending on the cell type in which it is
expressed, its intracellular localization, and expression levels. Although it has growth
inhibiting and differentiating promoting functions in normal epithelia, induction of PTK6 in
crypt epithelial cells stimulates apoptosis of injured cells, while it also promotes
proliferation and tumorigenesis through activation of STAT3. These studies are the first to
highlight a role for PTK6 in the etiology of colon cancer. As an activator of STAT3, PTK6
is a potential therapeutic target in colon cancer, and consequences of disrupting PTK6 in
established colon tumors merits further investigation.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Ptk6 −/− mice are resistant to AOM and develop fewer ACF. Wild type and Ptk6 −/− mice
were subjected to six weekly injections of AOM and sacrificed 4 weeks after the last
injection. Colons were stained with methylene blue. (A) Methylene blue stained colons of
AOM treated wild type mice. (a) A region of stained normal colonic crypts. Size bar
represents 500 μm. (b) ACF (white arrows); (c) Magnified ACF involving multiple crypts
and a slit-shaped luminal opening. (B) Total numbers of ACF were counted in Ptk6 +/+ and
Ptk6 −/− mice in two different Ptk6 −/− mouse lines (2.8 and 11.6). The increase in ACF in
Ptk6 +/+ mice is statistically significant (* P < 0.05, Bars +/− SD). (C) The average number
of ACF across the length of the colon was recorded in two different Ptk6 −/− mouse lines.
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Colons of Ptk6 +/+ and Ptk6 −/− mice subjected to AOM were divided into 1 cm sections
from the proximal to distal ends. The number of ACF that formed in each cm section was
recorded for each mouse (Bars +/− SD).
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Figure 2.
Ptk6 −/− mice are resistant to the AOM/DSS tumorigenesis protocol. (A) Wild type and
Ptk6 −/− mice were given a single injection of AOM, followed by one-week oral exposure
to 2% DSS in drinking water. Arrows indicate the initial AOM injection at 0 weeks and the
end of the study at 20 weeks. The black box indicates the 7 day treatment with 2% DSS. (B)
The survival of Ptk6 +/+ and Ptk6 −/− mice was monitored over the 20-week treatment
period. A total of 22 wild type and 20 Ptk6 −/− animals were examined. (C) At 20-weeks,
Ptk6 +/+ and Ptk6 −/− mice were sacrificed and their entire colons were excised and whole
mounts were examined from proximal to distal ends using light microscopy. Increased
numbers of nodular and polyploid colonic tumors were observed in colons of wild-type
mice. Representative male Ptk6 +/+ and Ptk6 −/− colons are shown. Size bars represent 1
cm. (D) Tumor sections were stained with hematoxylin and eosin. Pedunculated adenomas
in Ptk6 +/+ mice had high-grade dysplastic cells with areas consistent with intramucosal
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carcinoma, while low-grade dysplasia was seen in Ptk6 −/− mice. Size bars represent 500
μm (top) or 200 μm (bottom).
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Figure 3.
Induction of PTK6 in colonic crypts following AOM treatment correlates with increased
apoptosis and proliferation. (A) PTK6 immunohistochemistry was performed on Ptk6 +/+
colons at 6 or 72 hours after a single injection of AOM. Colon sections were counterstained
with hematoxylin. The size bar represents 50 μm. Magnification of boxed areas (top panel)
are shown below. Arrows denote PTK6 positive cells. (B) Cleaved Caspase-3
immunohistochemistry was performed on colon sections from Ptk6 +/+ and Ptk6 −/− mice
sacrificed at 6 or 72 hrs post AOM injection. Size bar represents 50 μm. (C) Cleaved
Caspase-3 positive cells were counted in ten representative colonic crypts. Increased
numbers of cleaved Caspase-3 positive cells were detected at 6 hours post AOM injection in
Ptk6 +/+ mice (* P < 0.05, Bars +/− SD). (D) Immunoblotting was performed with lysates

Gierut et al. Page 15

Gastroenterology. Author manuscript; available in PMC 2012 October 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



harvested at 6 or 72 hours post AOM injection, using antibodies directed against PTK6,
cleaved Caspase-3, and β-actin. (E) BrdU immunohistochemistry was performed on Ptk6 +/
+ and Ptk6 −/− mice sacrificed at 6 or 72 hours post AOM injection. BrdU was injected 2
hours before animals were killed. (F) BrdU positive cells were counted in ten representative
colonic crypts in Ptk6 +/+ and Ptk6 −/− mice. The number of BrdU positive cells is higher in
Ptk6 +/+ mice (* P < 0.05, Bars +/− SD).
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Figure 4.
PTK6 promotes STAT3 activation following AOM treatment. (A) Immunoblotting of
lysates from Ptk6 +/+ and Ptk6 −/− mice at 6 or 72 hours post AOM injection using
antibodies directed against PTK6, activated P-STAT3 and total STAT3, Bcl-xL, Hsp70,
Cyclin D1, and βactin. (B) The ratio of activated P-STAT3 over total STAT3 was quantified
using NIH ImageJ and is represented as means +/− standard deviation (* P = 0.05; ** P =
0.02). (C) Ptk6 +/+ and Ptk6 −/− mice were sacrificed 6 hours post AOM injection.
Immunohistochemistry for P-STAT3 was performed. No counterstain was used and
antibody binding was visualized using DAB (brown). Size bar represents 50 μm. IgG
staining serves as a negative control. (D) P-STAT3 immunohistochemistry was performed
with sections from tumors that formed in Ptk6 +/+ and Ptk6 −/− mice exposed to AOM/DSS
(Figure 2D). Size bars represent 100 μm. Sections were counterstained with hemotoxylin
and antibody binding was visualized using DAB.
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Figure 5.
PTK6 regulates STAT3 activation in human and mouse colon cell lines. (A) Immunoblot
analysis of lysates prepared from HCT116 cell lines containing empty vector or two
different PTK6 shRNA’s (shRNA49, shRNA52. (B) The ratio of P-STAT3 over total
STAT3 is represented as means +/− standard deviation (*P = 0.002). (C) HCT116 cells
expressing empty vector, shRNA49 or shRNA52 were serum starved and stimulated with
EGF for 2, 5 or 10 minutes. Immunoblotting was performed using antibodies against PTK6,
P-STAT3, total STAT3, and β-actin. (D) The ratio of P-STAT3 over the total STAT3 band
density following EGF treatment was quantified using NIH ImageJ. (E) Immunoblot
analysis of lysates from wild type YAMC cells and Ptk6 −/− YAMC cells. (F) The ratio of
P-STAT3 over the total STAT3 is shown.
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