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Geminin Expression in PNETs
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TABLE 2. Univariate Cox Regression Analysis of Risk of
Recurrence After Surgery

Variables HR 95% CI P

Diameter >2 c¢m 1.209 0.221-6.627 0.827
Mitosis >2 per 10 HPFs 10.204  1.684-61.834 0.012
V(+) or ly(+) 0.813 0.114-5.807 0.813
pn(+) 3.615 0.375-34.837 0.266
s(+) or rp(+) 2.068 0.411-104 0.378
Local invasion (+) 18.762 1.163-302.6 0.039
Metastasis (+) 10.469 1.103-102.77 0.041
Ki-67 L1>2.0% 6.182 1.221-31.298 0.028
Geminin LI >2.0% 13.709 1.919-97.739 0.009
WHO grade G2 2772.5 0.000-95.889 x 107 0.429
AJCC stage 211A 8.758 1.483-51.716 0.017
ENETS stage >IIb 16.793 1.834-153.74 0.013

Ki-67 L

Median; 1.5 %
(Range; 0.02-8.8)
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FIGURE 2. Scatterplot of the geminin Ll and the Ki-67 LI
(top) shows a positive correlation between the 2 Lis
(Spearman rank correlation coefficient; r, = 0.757; P < 0.001).
The geminin expression level was lower than the Ki-67
expression level (bottom).

Cl, 1.163-302.6; P = 0.039), a metastasis (HR, 10.469; 95% Cl,
1.103-102.77; P = 0.041), a Ki-67 LI greater than 2.0% (HR,
6.182; 95% (I, 1.221-31.298; P = 0.028), a geminin LT greater
than 2.0% (HR, 13.709; 95% CI, 1.919-97.739; P = 0.009),
an AJCC stage of IIA or greater (HR, 8.758; 95% CI,
1.483-51.716; P = 0.017), and an ENETS stage of IIb or greater
(HR, 16.793; 95% Cl, 1.834-153.738; P = 0.013) were signif-
icantly correlated with recurrence. A multivariate Cox regression
analysis revealed that none of these factors were independent
prognostic factors. The Kaplan-Meier curves consistently ex-
hibited a more significant relationship with the disease-free
survival period after surgery for geminin (log rank, P < 0.001)
than for Ki-67 (log rank, P = 0.012) (Fig. 4).

Concordance of Positivity Between Geminin
and Ki-67 Stains

The immunoreactions were quantified using the CIE LAB
color system. The color difference quotation was used to eval-
uate the positivity of the 2 stains. The color difference, AE, and
a geminin-stained image are shown in Figure 5. The AZ values
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FIGURE 3. Receiver operating characteristic curves comparing the
predictive value of the geminin LI to that of the Ki-67 Ll or the
mitosis count for determining the presence of metastasis.
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Local invasion indicates (+), presence of Jocal invasion; ly(+), pres-
ence of lymphatic invasion; metastasis (+), presence of metastasis; pn(--),
presence of peri-neural invasion; rp(+), presence of retroperitoneal inva-
sion; s(+), presence of serosal invasion; v(-), presence of venous invasion.

corresponded with the optical intensity of the positive cells. The
same consistency was observed for the images with Ki-67 stain-
ing (data was not shown). The distributions of AE in the geminin
and Ki-67 staining images are shown in Figure 6. AE = 0 sig-
nified no color difference from negative cells, and the left side
of the histogram’s distribution indicates the number of cells
with equivocal positivity. A larger AE reflects a greater color
disparity between the positive and negative cells. The medians
(ranges) of the AE values for geminin and Ki-67 staining were
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FIGURE 4. Disease-free survival period after surgery according
to the geminin LI (A) and the Ki-67 LI (B).
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FIGURE 5. The color difference AE in geminin stain is shown.
AE values were calculated from the difference of L*a*b* values
between positive cells (in numbered red circles) and a negative
cell (in green circle).

16.12 (5.8-41.8) and 13.17 (3.4-37.9), respectively. The AE for
the geminin stain was significantly larger than that for the Ki-67
stain (P < 0.001).

DISCUSSION

The criteria used to predict the outcome of patients
with PNET has been simplified in the 2010 WHO classifica-
tion.® Pancreatic neuroendocrine tumors are divided into well-
differentiated NETs and poorly differentiated neuroendocrine
carcinoma (NEC). The definition of NEC is the presence of more
than 20 mitoses per 10 HPFs. Neuroendocrine tumors were fur-
ther subcategorized as low-grade NET (G1), characterized by
the presence of 0 to 1 mitoses and a Ki-67 LI of 0% to 2%, and
intermediate-grade NET (G2), characterized as 2 to 20 mitoses
per 10 HPFs and a Ki-67 LI of 3% to 20%. Actually, immuno-
histochemical staining for Ki-67 has been the most reliable
modality for assessing the proliferative activity.>*7 In addition,
staging has been noted to be an independent prognostic indica-
tor, and the AJCC staging manual and the staging classification
proposed by the ENETS are thought to be useful for predicting
the prognosis of patients with PNET. In the present study, 19
and 8 cases were classified as G1 and G2, respectively. No cases
of NEC were seen, consistent with the presence of only | tumor-
related death. Regarding recurrence after radical resection, this
grading system is not a reliable prognostic factor (Table 2).
Unlike the WHO grading, however, both the AJCC and ENETS
stagings are significantly correlated with recurrence; similarly,
the superiority of these stagings to anticipate disease-free survival
has been previously reported.”> The present analysis suggested
that local spread beyond the pancreas might be a key event.

The usefulness of geminin staining to predict the outcome
of several neoplasms has been demonstrated using retrospec-
tive analyses.! 722 The present study also indicated that geminin
expression was a more useful indicator of disease-free survival
than not only Ki-67 expression but also AJCC and ENETS
staging (Table 2). Geminin expression is specifically limited
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during the S, G2, and early M phases, and it probably reflects
the proliferative activity more precisely than these other factors.
Indeed, the number of positive tumor cells for geminin was sig-
nificantly smaller than that for Ki-67. Although the survival
analysis using Kaplan-Meier curves suggested that the geminin
LI was more associated with the prognosis than the Ki-67 LI
(Fig. 4), the present study has a limitation to evaluate the prog-
nosis in accordance with the small number of cases. Further
analyses of a larger population is needed to determine the prog-
nostic use of the geminin LI. Moreover, the mechanism by which
geminin expression contributes to the aggressiveness of neo-
plasms remains unknown. The inhibition of Cdtl by geminin has
been regarded as a pivotal event in the licensing of DNA repli-
cation, so an increase in Cdtl inhibition biologically results in
cell cycle arrest. This discrepancy between geminin expression
and cell proliferation remains to be explained. The predictive
superiority of the geminin LI to the Ki-67 LI in the present anal-
ysis may depend on some aspect of the malignant potential other
than the proliferative activity.

In addition, the immunoreactivity of geminin staining in
each tumor cell was relatively clear, whereas weak positivity for
Ki-67 staining was observed in some tumor cells (Fig. I). Thus,
fewer intraobserver and interobserver differences between pa-
thologists or institutions can be expected using the geminin L1
Actually, the difficulty in grading PNETSs has been attributed to
the need for concordance, along with the lower frequencies of
proliferative marker positivity in PNETs. In the present study, we
performed a color difference quotation analysis using the CIE
LAB color system. Several color analyses have reported that the
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FIGURE 6. The distribution of each AE in geminin and Ki-67 stain
is shown. The difference of each A was evaluated as statistically
significant (P < 0.001) using the Mann-Whitney U test.
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color parameters of the CIE LAB color system are closely related
to the psychophysical characteristics of color perception.®™*
This analysis was the first application of the CIE LAB color
system for the quantification of immunohistochemical positivity.
As shown in Figure 5, a precise correspondence between AE and
the optical color intensities was observed. Furthermore, the AE
for geminin staining was larger than that for Ki-67 staining.
These results suggest that a greater concordance was achieved
using the geminin LI rather than the Ki-67 LI. The use of the
color difference quotation enabled subjective optical intensities
to be measured as absolute values, and no inconsistencies with
regard to determining positivity were encountered. Thus, the CIE
LAB color system may be a promising tool for making objective
histopathologic assessments.

Pancreatic neuroendocrine tumor constitutes a heteroge-
neous group of rare neoplasms. Recent advances in abdominal
imaging techniques have increased the detection of incidental
nonfunctional PNET. In particular, endoscopic ultrasound and
endoscopic ultrasound—guided fine needle aspiration biopsy pro-
cedures have drastically improved diagnostic accuracy.”? Now-
adays, minimally invasive surgery is usually recommended as a
pancreas-preserving maneuver.>® Therefore, accurate estimates
of the malignant potential before surgery are becoming increas-
ingly important for optimal patient management. Despite the im-
portance of such estimations, pretreatment evaluations remain
difficult. Only microscopic observations are acceptable for tu-
mor grading and staging because PNET can exhibit heteroge-
neous biological behavior even within the same tumor. In the
present study, a heterogeneous expression level was observed
throughout the tumor for both geminin and Ki-67 staining. The
use of geminin expression for the assessment of biopsy samples
or aspirated specimens was not evaluated in the present study.
Thus, the establishment of a preoperative classification based
on geminin expression will require further research.

In conclusion, the geminin expression level in PNETs was
correlated with the disease-free survival period after curative
resection. The geminin LI may be more useful than the Ki-67 LI
for predicting postoperative outcome.
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Prognostic Impact of CD204-Positive Macrophages in Lung
Squamous Cell Carcinoma

Possible Contribution of Cd204-Positive Macrophages to the
Tumor-Promoting Microenvironment

Shunki Hirayama, MD,*T¥ Genichiro Ishii, MD, PhD,* Kanji Nagai, MD, PhD,} Shotaro Ono, MD,*}
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Atsushi Ochiai, MD, PhD*

Introduction: Tumor-associated macrophages (TAMs) are recruited
into cancer-induced stroma and produce a specific microenviron-
ment for cancer progression. CD204 (+) TAMs are reportedly
related to tamor progression and clinical outcome in some tumors.
The aim of this study was to clarify the correlation between CD204
(+) TAMs and the clinicopathological features of lung squamous
cell carcinoma.

Methods: We investigated the relationships between the numbers
of CD204 (+) TAMs and clinicopathological factors, microvessel
density, and the numbers of Foxp3 (+) lymphocytes in 208 consecu-
tively resected cases. We also examined the relationships between the
numbers of CD204 (+) TAMs and the expression levels of cytokines
involved in the migration and differentiation of CD204 (+) TAMs.
Results: A high number of CD204 (+) TAMs in the stroma was sig-
nificantly correlated with an advanced p-stage, T factor, N factor,
and the presence of vascular and pleural invasion. A high number of
CD204 (+) TAMs in the stroma was also a significant prognostic fac-
tor for all p-stages and p-stage 1. Moreover, the numbers of CD204
(+) TAMSs were correlated with the microvessel density and the num-
bers of Foxp3 (+) lymphocytes. A high number of CD204 (+) TAMs
was strongly correlated with the tissue expression level of monocyte
chemoattractant protein-1. CD204 (+) TAMs were shown to be sig-
nificant independent prognostic factors in a multivariate analysis.
Conclusions: CD204 (+) TAMs were an independent prognostic fac-
tor in lung squamous cell carcinoma. CD204 (+) TAMs, along with
other tumor-promoting stromal cells such as regulatory T cells and
endothelial cells, may create tumor-promoting microenvironments.
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The tumor microenvironment is composed of not only
tumor cells, but also stromal cells including macrophages,
lymphocytes, fibroblasts, and endothelial cells. Stromal
cells are known to interact with cancer cells and to produce
a specific microenvironment capable of influencing tumor
progression.! In the host immune system in cancer tissue,
tumor-associated macrophages (TAMs) as well as cancer-
associated fibroblasts are important components of the tumor
microenvironment, and some kinds of macrophages are
known to act on tumor progression.” Recent immunological
studies have identified two different functions of polarized
macrophage activation, as exhibited by classically activated
(M1) and alternatively activated (M2) macrophage
phenotypes.># These subpopulations of macrophages have
different receptor expression patterns and different cytokine
and chemokine productions. M1-polarized macrophages have
an interleukin (IL)-12%e" IL-23% 11 -10"% phenotype and
defend the body against pathogens and tumor cells by inducing
interferon-gamma and producing tumor necrosis factor o and
nitric oxide. M1-polarized macrophages reportedly play a role
in tumor suppression. However, M2-polarized macrophages
have an IL-12"¥, JL-23"% JL-10"# phenotype and have high
expression levels of class A scavenger receptor (CD204) and
mannose receptor (CD163).5" M2-polarized macrophages play
a role in tumor-supportive functions, such as tumorigenesis,
angiogenesis, matrix remodeling, and immune-suppression.*
Recent studies have reported that the number of CD204-
positive TAMs within a primary tumor is related to tumor
progression and outcome in glioma, ovarian epithelial tumors,
pancreatic cancer, and lung adenocarcinoma.®¥-!

Although squamous cell carcinoma of the lung is sec-
ond only to adenocarcinoma of the lung, its treatmentt has not
yet been sufficiently effective. Recently, the development of
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cancer therapy targeting cancer stromal cells has been pro-
posed.”? In the current study, we examined whether the num-
bers of CD204 (+) TAMs recruited into the cancer tissue are
related to clinicopathological factors of lung squamous cell
carcinoma. Furthermore, we examined the matching correla-
tions between CD204 (+) TAMs and other types of cancer stro-
mal cells, including regulatory T cells and endothelial cells.

MATERIALS AND METHODS

Patients

Between January 2000 and December 2006, a total of
255 patients with lung squamous cell carcinoma underwent
surgery with curative intent at our hospital. We excluded 47
cases with poor-quality surgical specimens, and the remaining
208 cases were included in this study. The median follow-up
period was 5.7 years.

Histopathology Studies

Surgical specimens were fixed in 10% formalin or
methanol and embedded in paraffin. Sections that are 4-um-—
thick were stained using the hematoxylin and eosin method.
Vascular invasion and pleural invasion were evaluated using
the Verhoeff-van-Gieson method. The histologic diagnoses
were based on the third revised World Health Organization
histologic classification. Disease stages were based on the 7th
edition of TNM classification.

Evaluation of Clinicopathological Factors

The clinical characteristics were retrieved from the
available clinical records. The following clinicopathological
factors were investigated retrospectively to assess their impact
on survival: age, sex, smoking history, pathologic stage,
pathologic T status, pathologic nodal involvement, lymphatic
permeation, vascular invasion, and pleural invasion.

Antibodies and Immunohistochemistry

The slides were deparaffinized with xylene, rehydrated,
and antigen-retrieved in a microwave oven for 20 minutes.
After the inhibition of endogenous peroxidase activity, indi-
vidual slides were then incubated overnight at 4°C with
mouse antihuman CD204 antibody (Scavenger Receptor class
A-ES5; Transgenic, Japan) at a final dilution of 1:400, mouse
antihuman CD34 antibody (QBEND/10; Acris Antibodies,
Herford, Germany) at a final dilution of 1:400, and mouse
monoclonal antihuman Foxp3 antibody (236A/E7; Abcam,
Japan) at a final dilution of 1:150. The slides were then incu-
bated with EnVision (Dako, Denmark), and the color reaction
was developed in 2% 3, 3-diaminobenzidine in 50mM Tris-
buffer (pH7.6) containing 0.3% hydrogen peroxidase. Finally,
the sections were counterstained with Meyer hematoxylin.

Evaluation of Immunohistochemistry

Two pathologists (S.H. and G.1.) selected a hot spot
within a section and counted the CD204 (+) TAMs in the
cancer stroma and nest in five high-power microscopic fields
(%400; 0.0625mm?). The average counts were recorded and

Copyright © 2012 by the International Association for the Study of Lung Cancer

cases were divided into two groups with low and high num-
bers of CD204 (+) TAMs according to the median value. The
absolute number of Foxp3-positive lymphocytes in the stroma,
was counted in five randomly selected high-power micro-
scopic fields (¥400; 0.0625 mm?), and the average counts were
recorded. As for the microvessel density (MVD), the five most
vascular areas (hot spots) in the invasive foci within a section
were selected, and vessels labeled with anti-CD34 monoclonal
antibody were counted in five high-power microscopic fields
(%400; 0.0625mm?). The average counts were recorded as the
MVD. In these studies, we selected areas in the central area
within a cancer tissue, and necrotic areas were excluded.

Tissue Samples, RNA Extraction, Reverse
Transcription, and Real-Time Polymerase
Chain Reaction

Total RNA was extracted from 13 lung squamous
cell carcinoma cases.. Samples of both cancer tissue and
noncancerous tissue were collected and immediately
homogenized in QIAzol Lysis reagent (QIAGEN, CA)
with Tissue Lyser II (QIAGEN) and stored at —80°C until
use. The total RNA was isolated from the tissues using a
QIAshredderTM (250) (QIAGEN) and an RNeasy Mini
Kit (250) (QIAGEN) according to the manufacturer’s
instructions. The RNA was reverse transcribed to synthesize
cDNA using a primerscript RT reagent kit (Takara
Biochemicals, Osaka, Japan). To quantitatively compare the
mRNA levels of each cytokine, we performed a real-time
polymerase chain reaction using SYBR Premix Ex Taqll
(Takara) with the Smart Cycler I (Takara). The sense and
antisense primers used for quantitative amplification of the
cytokine mRNAs and for amplification of glyceraldehyde-
3-phosphate dehydrogenase as an internal control are
shown in (Supplemental Table 1, Supplemental Digital
Content 1, http://links.lww.com/JTO/A347). The amount of
template cDNA was expressed by the threshold cycles (G),
determined from the amplification curve (exponential curve),
and the threshold level for the detection of the polymerase
chain reaction product. The expression level of each gene
was reported as the ratio of its expression to the level of
glyceraldehyde-3-phosphate dehydrogenase gene expression
in the same sample. The ratio between the level of cytokine
expression in the cancer tissue to the level of expression in
the noncancerous tissue was calculated for each case. The
median number of CD204 (+) TAMs was used to divide the
cases into high and low CD204 (+) TAM groups.

Statistical Analysis

The distributions of CD204 (+) TAMs in the stroma and
MVD and Foxp3-positive lymphocytes were tested for cor-
relations by calculating the Spearman rank correlation coef-
ficients. Overall survival (OS) was measured from the date of
surgery until the date of death from any cause or to the date
on which the patient was last known to be alive. Recurrence-
free survival (RFS) was measured from the date of surgery
until the date of recurrence or until the date the patient was
last known to be disease free. Survival curves were estimated
using the Kaplan—Meier method, and differences in survival
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FIGURE 1. A, Immunohistochemical
staining of squamous cell carcinoma
with antihuman CD204 antibody
for tumor-associated macrophages
in the stroma and nest. Cases with

a high number of CD204 (+) TAMs
in the stroma, and B, a low number
of CD204 (+) TAMs in the stroma.
C, Cases with a high number of
CD204 (+) TAMs in the nest, and D,
a low number of CD204 (+) TAMs
in the nest. TAMs, tumor-associated
macrophages.

were compared using the log-rank test. A p value less than
0.05 was considered significant. Statistical analysis software
(SPSS, version II) was used to perform the analyses.

RESULTS

Correlations between the numbers of CD204 (+) TAMs
in the cancer stroma and nest and clinicopathological factors.

A representative case of immunohistochemical staining
results for CD204 is shown in Fig. 1. All the patients were clas-
sified into two groups according to the median values: 30 for
the stroma, and nine for the nest. A high CD204 (+) TAM count
in the stroma was significantly correlated with the pathologic
stage, pathologic T status, pathologic nodal involvement, and
vascular and pleural invasion (Table 1). However, lymphatic
permeation was significantly less frequent in the group with a
high CD204 (+) TAM count in the nest, compared with those
with a low CD204 (+) TAM count in the nest (Supplemental
Table 2, Supplemental Digital Content 2, http:/links.Iww.
com/JTO/A348).

Evaluation of CD204 (+) TAMs in Stroma
and Nest as Prognostic Factors

The OS and RFS were significantly shorter in the group
with a high CD204 (+) TAM count in the stroma compared
with the group with a low CD204 (+) TAM count in the
stroma, for all stages (p = 0.0005 and p = 0.0002, respec-
tively) (Fig. 2A). In the p-stage I patients, the OS and RFS
were also significantly shorter in the group with a high (D204
(+) TAM count in the stroma, compared with the group with
a low CD204 (+) TAM count in the stroma (p = 0.0154 and
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p = 0.0071) (Fig. 2B). A high CD204 (+) TAM count in the
stroma was marginally related to the OS and RFS among the
p-stage II patients (Fig. 2C), but no significant relation with
prognosis was seen among the p-stage III patients (Fig. 2D).
In contrast, no relationship was seen between a high CD204
(+) TAM count in the nest and the prognosis (data not shown).
Correlations among the numbers of CD204 (+) TAMs in
the stroma, Foxp3-positive lymphocytes, and the microvessel
density Recent studies showed that CD204 (+) TAMs
contribute to the development of neovascularization and
immunesuppression. We examined the numbers of Foxp3 (+)
lymphocytes (regulatory T cells) and the MVD in all the cases
(Fig. 3A-D). The numbers of CD204 (+) TAMs in the stroma
were strongly correlated with the MVD (p <0.001; 1, = 0.471)
and were moderately correlated with the numbers of Foxp3-
positive lymphocytes (p = 0.034; r, = 0.147) (Fig. 3E and F).
Correlations between the numbers of CD204 (+) TAMs
in the stroma and cytokine expression in the cancer tissues.
We examined the expressions of factors involved in the
recruitment of TAMs, regulatory T cells, and endothelial cells.
The correlations between MVD monocyte chemoattractant
protein-1 (MCP-1), IL-10, transforming growth factor f3, and
vascular endothelial growth factor (VEGF) expression and the
numbers of CD204 (+) TAMs in the tumor tissue specimens
{n = 13) were analyzed. The ratios of MCP-1 expression in
the cancer tissues to their levels of expression in noncancer-
ous tissues were significantly higher in the CD204 high group
(p = 0.032) (Fig. 4A). The ratios of IL-10 and transforming
growth factor [3 expressions in the cancer tissues to their
levels of expression in noncancerous tissue were marginal
higher in the CD204 high group (p = 0.063 and p = 0.086,

Copyright © 2012 by the International Association for the Study of Lung Cancer
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TABLE 1. Relationship between CD204 (+) Tumor-
Associated Macrophages in Stroma and Clinical Features
CD204

Variables Low (n=93)  High (n=115) ya
Sex

Male 85 103

Female 8 12 0.6556
Age (yr)

<70 49 63

70< 44 52 0.7632
Smoking history

Never smoker 3 10

Smoker 90 105 0.1052
Surgical procedures

Lobectomy + segmentectomy 82 94

Pneumonectomy 11 21 0.2475
Pathological stage

Stage | 56 48

Stage II-1IIA 37 67 0.0081¢
T states

T1 34 24

T2-4 59 91 0.0121%
Lymph node metastasis

N(-) 65 60

N(+) 28 55 0.0095¢
Vascular invasion

V(=) 37 28

V(+) 56 87 0.016%*
Lymphatic permeation

Ly(-) 71 87

Ly(+) 22 28 0.9076
Pleural invasion

P(=) 66 68

P(+) 27 47 0.018"

“Pearson 2 test.
bp <0.05.

respectively) (Fig. 48, C). The difference in the expression of
VEGF between the two groups was not significant (Fig. 4D).

Univariate and Multivariate Analyses of
Factors Associated with Prognosis

A univariate analysis identified four significant risk fac-
tors for OS: CD204 (+) TAMs in the stroma, p-T status, ves-
sel invasion, and pleural invasion (Table 2). In a multivariate
analysis, the presence of CD204 (+) TAMs and the p-T status
were shown to be statistically significant independent predic-
tors of the OS (Table 3).

DISCUSSION
In this study, we first showed that the numbers of CD204
(+) TAMs in the tumor stroma, but not in the tumor nest, were
correlated with several conventional prognostic factors in
squamous cell carcinoma of the lung. Furthermore, we showed

Copyright © 2012 by the International Association for the Study of Lung Cancer
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FIGURE 2. Kaplan-Meier analysis stratified according to a
high or low number of CD204 (+) TAMs in the stroma. The
Kaplan—Meier analysis for overall survival and recurrence-
free survival according to the numbers of CD204 (+) TAMs
in the stroma are shown for all stages A, for p-stage |, B, for
p-stage 1l, C, and for p-stage lll, D,. TAMs, tumor-associated
macrophages.

that the cases with higher numbers of CD204 (+) TAMs in the
stroma had a poor clinical outcome, particularly in the early
stages. These results were consisted with previous reports in
other types of malignancies, such as glioma, ovarian epithelial
tumors, pancreatic cancer, and lung adenocarcinoma.®¥"
Moreover, the numbers of CD204 (+) TAMs were related
to the numbers of Foxp3 (+) lymphocytes and the MVD.
These data suggested that in squamous cell carcinoma tissue,
CD204 (+) TAMs, along with other tumor-promoting stromal
cells such as regulatory T cells and endothelial cells, create a
specific microenvironment that supports tumor progression.
TAMs are known to induce the proliferation, sur-
vival, and invasion of tumor cells by producing wide range

1793



Hirayama et al.

Journal of Thoracic Oncology © Volume 7, Number 12, December 2012

Ca.

Ca.

FIGURE 3. Immunohistochemical - . e
staining of squamous cell carcinoma E =034, 10, 147 § PEBO0L, 170,471
tissue with antihuman Foxp3 anti- B Ve=0.13528+33.365 e ¥=1.9028K+5.8149
body and antihuman CD34 antibody. 2 : g *

A, Cases with a high number of = = >

Foxp3 positive lymphocytes, and B, %% B .o 5. . . »

a low number of Foxp3 positive lym- R ML £ © eyt

phocytes. C, Cases with a high MVD, 5% .2 #& & . Ew TR G

and D, a low MVD. E, Correlations o ;:‘J;;.»{WMM El . :'g.;’;:sw‘%ﬁ”"wﬂ
between the numbers of CD204 (+) R T TT% o . ) b }f}ﬂﬁ-r{’f""_ B

TAMs in the stroma and the MVD, Z -’." AaFdn CT L S M;Mw;“gggtiggg t: *
E, the number of Foxp3 (+) lympho- a m e Loz g e afalne Ry “

@
2

>
F3

cytes. TAMs, tumor-associated mac- "

rophages; MVD, microvessel density.

of factors, such as matrix metalloproteinases (MMP).!:3-16
Hagemann et al.'” reported that TAMs change to M2 pheno-
type macrophages, CD204 (+) TAMs, after cocultivation with
ovarian cancer cells. CD204 (+) TAMs showed a significant
up-regulation of mRNA for the genes MMP-1, -2, =7, =9,
and —14. Another article reported that the co-cultivation of
breast cancer cells with macrophages led to the enhanced
invasiveness of the cancer cells as a result of tumor necrosis
factor o-dependent MMP-9 secretion from the TAMs.'® These
observations may explain the enhanced vascular and pleural
invasion of squamous cell carcinoma cells in the high CD204
(+) TAMs groups in the current study.

We found that the numbers of CD204 (+) TAMs were
strongly correlated with the MVD. Kawahara et al.!? showed
similar results that M2 macrophages were correlated with the
MVD in gastric cancer. Given the previous report that CD204
(+) TAMs secrete proangiogenic factors, including VEGE"
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the positive relation observed between CD204 (+) TAMs and
the MVD in the present study is understandable. However,
the numbers of CD204 (+) TAMs were not associated with
the expression of VEGF in the tumor tissue. This discrepancy
might be caused by the fact that angiogenesis also depends on
angiogenic factors other than VEGE

The number of CD204 (+) TAMs in the stroma was mar-
ginally correlated with the number of Foxp3 (+) lymphocytes,
which was partly consistent with the results for intrahepatic
cholangiocarcinoma.”® Foxp3 (+) T cells down-regulate the
immune response by attenuating the host’s antitumor T cells,
potentially permitting unrestricted growth, subsequent metas-
tasis, and recurrence.?’” Taking these into consideration,
CD204 (+) TAMs may not only enhance tumor cell invasive-
ness directly, but may also create a more tumor-promoting
microenvironment by recruiting endothelial cells and regula-
tory T cells.

Copyright © 2012 by the International Association for the Study of Lung Cancer
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FIGURE 4. Relative mRNA expression in
CD204-low and CD204-high cases. The
levels of MRNA expression shown are the
ratios of expression in cancer tissues relative
to the expression in noncancerous tissues,

as determined using a quantitative real-time
polymerase chain reaction. MCP-1, monocyte
chemoattractant protein-1; TGF 8, transform-

CD264 CD204 CD204 ing growth factor 3; VEGF, vascular endothe-
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TABLE 2. Univariate Analysis for Overall Survival (N =208)
Variables Category All Cases 5-Year Survival (%) P
Age
Median, yrs (range) 69 (46-88) 0:1436
<70 112 66
270 96 58
Sex Female 20 48 0.3689
Male 188 63
Smoking Never 13 35 0.1894
Ever 195 64
Surgical procedures Lobectomy segmentectomy 176 63 0.2908
Pneumonectomy 32 56
T factor <T1 58 84 0.0006°
>T1 150 54
N factor’ pNO 125 66 0.1891
pN1/pN2 83 56
Lymphatic permeation Absent 158 61 0.4973
Present 50 67
Vascular invasion Absent 65 73 0.0381*
Present 143 57
Pleural invasion Absent 134 70 0.0013%
Present 74 47
CD204 (+) TAMs in stroma Low 93 75 0.0005"
High 115 52
CD204 (+) TAMs in nest Low 91 63 0.5894
High 117 61
“Log-rank test.
tp 0.05.
TAMs, tamor-associated macrophages.
Copyright © 2012 by the International Association for the Study of Lung Cancer 1795
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TABLE 3. Multivariate Analysis for Overall survival

Overall Survival

Variables Favorable Unfavorable Hazard Ratio 95% Confidence Interval r
T factor <T1 >T1 0.486 0.246-0.957 0.037
Vascular invasion Absent Present 1.124 0.650-1.942 0.676
Pleural invasion Absent Present 1.447 0.895-2.340 0.132
CD204 (+) TAMs in stroma Low High 2.053 1.273-3.311 0.003
TAMs, tumor-associated macrophages.
In the present study, we showed that the tissue expres- REFERENCES

sion of MCP-1 was significantly correlated with the numbers
of CD204 (+) TAMs. MCP-1 has been reported as a key cyto-
kine that induces the migration, accumulation, and differentia-
tion of the M2 phenotype and contributes to the recruitment of
CD204 (+) TAMs into the tumor tissue.!'* Moreover, MCP-1
can act directly on endothelial cells to promote angiogen-
esis.? Although no significant association was seen between
the number of CD204 (+) TAMs and the VEGF mRNA level,
MCP-1 might contribute to an increase in the MVD.

In this study, there 10 patients received postoperative
adjuvant chemotherapy and 21 patients received chemother-
apy after recurrence. However, there are no differences in the
prognosis with or without postoperative adjuvant chemother-
apy (RFS; p=0.2329, OS; p=0.2548) and chemotherapy after
recurrence (OS; p = 0.1318). Among 198 patients who did not
receive adjuvant chemotherapy, a high number of CD204 (+)
TAMs in the stroma was also a significant prognostic factor
for all p-stages and p-stage 1 (All p-stages: RFS p = 0.0002,
OS p = 0.0012, p-stagel: RFS p = 0.0169, OS p = 0.0369).
Therefore CD204-positive TAM was a strongly independent
prognostic factor, even subtracting the effect of treatment.

In a recent report, the actions of bisphosphonates on
macrophages not only impaired TAMs recruitment, but also
inhibited the release of proangiogenic factors capable of
affecting TAMs by reversing their polarization from the M2
to the M1 phenotype.” Moreover, the depletion of TAMs
by clodrolip, which consists of a liposome encapsulating
clodronate or zoledronic acid in combination with sorafenib,
significantly inhibited tumor progression in hepatocellular
carcinoma in vitro.?® Our current results suggest that the
targeting of CD204 (+) TAMs may be useful as a supplemental
therapy for conventional cancer-treatment regimens for lung
squamous cell carcinoma.
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KRAS mutations in primary tumours and post-FOLFOX
metastatic lesions in cases of colorectal cancer
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BACKGROUND: KRAS mutations are predictive markers for the efficacy of anti-EGFR antibody therapies in patients with metastatic
colorectal cancer. Although the mutational status of KRAS is reportedly highly concordant between primary and metastatic lesions, it
is not yet clear whether genotoxic chemotherapies might induce additional mutations.

METHODS: A total of 63 lesions (23 baseline primary, |8 metastatic and 24 post-treatment metastatic) from 21 patients who were
treated with FOLFOX as adjuvant therapy for stage llI/IV colorectal cancer following curative resection were examined. The DNA
samples were obtained from formalin-fixed paraffin-embedded specimens, and KRAS, NRAS, BRAF and PIK3CA mutations were
evaluated.

RESULTS: The numbers of primary lesions with wild-type and mutant KRAS codons 12 and 13 were 8 and |3, respectively. The
mutational status of KRAS remained concordant between the primary tumours and the post-FOLFOX metastatic lesions, irrespective
of patient background, treatment duration and disease-free survival. Furthermore, the mutational statuses of the other genes
evaluated were also concordant between the primary and metastatic lesions.

CONCLUSION; Because the mutational statuses of predictive biomarker genes were not altered by FOLFOX therapy, specimens from
both primary tumours and post-FOLFOX tumour metastases might serve as valid sources of DNA for known genomic biomarker

testing.

© 2012 Cancer Research UK

KRAS mutations are predictive markers for the poor efficacy of
anti-EGFR antibody therapies in patients with metastatic colorectal
cancer (Lievre et al, 2006; Benvenuti et al, 2007; Di Fiore et al,
2007; Frattini et al, 2007; Khambata-Ford et al, 2007; Amado
et al, 2008; De Roock et al, 2008; Freeman et al, 2008; Karapetis
et al, 2008; Lievre et al, 2008). Point mutations in the KRAS gene
occur early in the progression from colorectal adenoma to
carcinoma and are detected in 35-40% of patients, regardless of
their Dukes stage {Andreyev et al, 1998). More than 90% of the
KRAS mutations in these patients have been detected in codons
12 (GGT) and 13 (GGC) (Oliveira et al, 2004). Activating mutations
at codons 61 and 146 have also been reported in a small number of
these tumours. In addition, mutations in the molecules involved in
signalling pathways downstream of EGFR, such as NRAS, BRAF
and PIK3CA, have also been reported in colorectal cancers. These
mutations have been suggested to modify the efficacy of anti-EGFR
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2012
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antibody therapies, although their predictive value has not yet
been established (De Roock er al, 2010).

Oxaliplatin  [trans-R,R-1,2-diaminocyclohexaneoxalatoplatinum
(I1), L-OHP] is a third-generation platinum (Pt)-containing anti-
tumour compound. It is frequently administered as a component of
FOLFOX therapy in combination with 5-FU for patients with
metastatic colorectal cancer. Oxaliplatin induces DNA damage
associated with intra- and inter-strand cross-links (Pt-GG adducts)
and can induce gene mutations (Woynarowski et al, 2000; Hah et al,
2007; Sharma et al, 2007). The mutagenic activity of oxaliplatin has
been demonstrated in cultured cells (Silva et al, 2005).

The KRAS mutation status of primary and metastatic lesions is
reportedly highly concordant (Oudejans et al, 1991; Losi et al,
1992; Suchy et al, 1992; Zauber et al, 2003; Weber ef al, 2007;
Etienne-Grimaldi et al, 2008; Santini et al, 2008; Garm Spindler
et al, 2009; Loupakis et al, 2009; Perrone et al, 2009; Baldus et al,
2010; Italiano er al, 2010; Knijn et al, 2011)., However, whether
long-term treatment with genotoxic chemotherapies, such as
oxaliplatin, can induce additional mutations in metachronous
metastatic lesions has not yet been well examined.

Assuming that FOLFOX therapy has the potential to alter the
biomarker mutation profile, it is important to determine whether
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the primary or relapsed tumour represents the more appropriate
source of DNA for testing. We examined the mutation status of
KRAS and other biomarker genes in primary and synchronous/
metachronous metastatic lesions in patients with stage III/IV
colorectal cancer treated with adjuvant FOLFOX therapy following
curative resection.

PATIENTS AND METHODS

Patient selection

A total of 63 lesions from 21 patients who had received adjuvant
FOLFOX therapy for stage III/IV colorectal cancer following
curative resection at the National Cancer Center Hospital East,
Japan, between January 2006 and December 2009 were examined.

All patients were treated with a modified FOLFOX6 regimen,
with a reduced oxaliplatin dose of 85mgm ~> administered every
14 days, and 12 cycles were planned as the full therapy course
(Andre et al, 2004; Allegra et al, 2009). FOLFOX therapy was
discontinued when tumour relapse was demonstrated by imaging
or when intolerable adverse events occurred.

DNA samples and mutational analyses

The DNA samples were obtained from macroscopically dissected
formalin-fixed paraffin-embedded specimens cut into 10-um-thick
sections. Genomic DNA was extracted using the EZ1 Advanced XL
and EZ1 DNA Tissue Kits (Qiagen, Hilden, Germany) according to
the manufacturer’s instructions (Bando er al, 2011). Mutations
in KRAS codons 12 and 13 were detected using the ARMS/
Scorpions technology-based KRAS PCR Kit (Qiagen) according to
the manufacturer’s instructions. Mutations in KRAS codons 61 and
146, NRAS codons 12, 13 and 61, BRAF codon 600 and PIK3CA
codons 542, 545, 546 and 1047 were detected using the multiplex
PCR-Luminex method-based MEBGEN Mutation Kit (Medical &
Biological Laboratories, Nagoya, Japan). Mutations detected with
the MEBGEN Mutation Kit were confirmed by direct sequencing.
Mutations in PIK3CA codons 542, 545 and 546 were further
confirmed using the ARMS/Scorpions technology-based PI3K
Mutation Test Kit (Qiagen). The study was approved by the
Institutional Review Board of the National Cancer Center.

RESULTS

Patient and tumour site characteristics

We reviewed 151 consecutive cases of stage III/IV colorectal cancer
treated with an adjuvant FOLFOX therapy after curative resection.
Among these cases, 21 patients developed metastatic tumours that
were diagnosed during or after the FOLFOX therapy and surgically
resected. The patient and tumour site characteristics are shown in
Table 1. The primary tumour sites were the colon and rectum in
8 and 13 patients, respectively. The most abundant primary
tumour histopathological type was differentiated adenocarcinoma.
Well- and moderately differentiated adenocarcinomas and
mucinous adenocarcinomas were observed in 5, 14 and 2 patients,
respectively. All metastatic tumours exhibited histology concor-
dant with that of the associated primary colorectal adeno-
carcinoma.

In all, 12 patients had stage III disease, whereas the remaining
9 patients had synchronous metastatic lesions and were diagnosed
as stage IV at the initial operation. There were 12 synchronous
metastatic lesions in the patients with stage IV disease. In addition,
six metastatic lesions were detected in five patients with stage III
disease at operation that were resected prior to the start of
FOLFOX therapy. These 18 lesions were regarded as ‘pre-FOLFOX’
metastatic lesions. The pre-FOLFOX metastases were found in the
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Table | Characteristics
Patient characteristics ) Number
Sex (fermale/male) 8/13

Median age (range) 64 (36-75) years

Primary tumour site
Colon 8
Rectum 13

Histopatholagical type of primary site

Well-differentiated adenocarcinoma 5
Moderately differentiated adenocarcinoma 14
Mucinous adenocarcinoma 2

Stage before initial operation

[} 12
IV (synchronous metastases) 9
Tumour site characteristics
Metastases
Pre-FOLFOX I8
Synchronous 12
Metachronous 6
Post-FOLFOX 24
Sites of metastases
Pre-FOLFOX
Liver Il
Lung 5
Local recurrence |
Subcutaneous |
Post-FOLFOX
Liver 6
Lung 14
Local recurrence 3
Lymph node |

liver (11 lesions), lung (5 lesions), as a local recurrence (1 lesion)
and as a subcutaneous recurrence (1 lesion). Meanwhile,
24 metastatic lesions in the 21 patients were detected during or
after FOLFOX therapy. These lesions were regarded as
‘post-FOLFOX’ metastatic lesions. The post-FOLFOX metastases
were found in the liver, lung, as a local recurrence and lymph
node in 6, 14, 3 and 1 patients, respectively.

The median number of FOLFOX therapy cycles administered
was 9 (3-12 cycles). Five patients experienced relapse during
FOLFOX therapy (case 1, 2, 3, 7 and 12), whereas the remaining
16 patients experienced relapse after the end of FOLFOX therapy.
The median disease-free survival, calculated from the time of the
last operation until post-FOLFOX recurrence, was 409 days
(97-1077). The median period from the start of FOLFOX therapy
until recurrence was 373 days (35-1029). Relapses developed
within 180 days after the end of FOLFOX therapy in 10. of the
21 patients (Table 2).

Mutational status of KRAS and other genes

The mutational statuses of KRAS and other genes in primary and
metastatic lesions are shown in Table 3. Mutations in KRAS codons
12 and 13 were detected in 13 of the 21 primary colorectal
tumours. Among the remaining eight tumours with wild-type
KRAS codons 12 and 13, two tumours exhibited KRAS codon 146
mutations (A146V and A146T) and one tumour exhibited NRAS
codon 61 mutation (Q61H). Two tumours exhibited mutations in
PIK3CA codon 542 (E542K), one tumour exhibited a KRAS G12S
mutation and one tumour had no mutations in any of the genes
examined. No apparent mutations of KRAS codon 61, NRAS codon

© 2012 Cancer Research UK
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Table 2 FOLFOX treatment, metastasis status and tumour recurrence sites

Days from end

Primary Histopathological =~ Pre-FOLFOX  Synchronous/ FOLFOX DFS of FOFLOX Post-FOLFOX

Case site type metastatic site metachronous cycles (days) until recurrence recurrence site
| Rectum Mode — 3 124 6 Liver
2 Colon Mode Liver Synchronous 4 97 - 16 Liver
3 Colon Mode Liver Synchronous 4 116 26 Liver
4 Rectum Well Local recurrence Metachronous 4 469 363 Local recurrence
5 Rectum Mode — — 5 827 603 Lung
6 Colon Mode — — 5 350 244 Lymph node
7 Rectum Mode Liver Synchronous 8 214 | Lung

Lung Synchronous
8 Rectum Muc - — 8 538 318 Lung
9 Colon Well - — 8 1077 503 Liver
10 Colon Mode Liver Synchronous 8 344 120 Lung

Liver Synchronous Lung

Lung Synchronous 8
[ Colon Muc Lung Synchronous 9 721 401 Lung
12 Rectum Well Liver Synchronous 9 109 - 88* Liver
13 Rectum Mode Liver Metachronous 1 328 120 Liver

Lung Metachronous
14 Rectum Mode Subcutaneous Metachronous 12 519 156 Lung
15 Colon Mode — 12 388 176 Local recurrence
16 Rectum Mode Liver Synchronous 12 466 210 Lung
17 Rectum Well Lung Synchronous 12 556 264 Lung
18 Colon Mode Liver Metachronous 12 531 231 Lung

Lung
19 Rectum Mode Liver Synchronous 12 409 217 Lung
20 Rectum Mode — — 12 455 243 Local recurrence
21 Rectum Well Liver Metachronous 12 346 71 Lung
Lung

Abbreviations: DFS = disease-free survival; mode =moderately differentiated adenocarcinoma; muc = mucinous adenocarcinoma; well = well-differentiated adenocarcinoma.
*The cases that FOLFOX therapies were administered after recurrence.

Table 3 Mutational status of KRAS and other genes

Primary Mutation Pre-FOLFOX Mutation Post-FOLFOX Mutation

Case site status metastatic site status recurrence site status

| Rectum KRAS GI12D — — Liver KRAS G12D

2 Colon KRAS G12D Liver KRAS GI2D . Liver KRAS G12D

3 Colon KRAS GI2D Liver KRAS GI2D Liver KRAS G12D

4 Rectum KRAS GI2R Local recurrence KRAS G12R Local recurrence KRAS GI2R

5 Rectum KRAS G12D — Lung KRAS G12D

6 Colon WT - LN WT

7 Rectum KRAS G125 Liver KRAS G125 Lung KRAS G125

) Lung ‘ KRAS G125 y

8 Rectum WT - ' — Lung WT

9 Colon WT -— Liver WT

10 Colon KRAS GI12A Liver KRAS GI2A Lung KRAS GI12A
Liver KRAS GI2A Lung KRAS G12A
Lung WT

I Colon KRAS GI3D Lung KRAS G13D Lung KRAS G13D

12 Rectum KRAS Al46V Liver KRAS Al46V Liver KRAS Al46V

13 Rectum KRAS GIl2V Liver KRAS G2V Liver KRAS G2V
Lung KRAS GI2V

14 Rectum KRAS GI12D Subcutaneous KRAS G12D Lung KRAS G12D

15 Colon WT — — Local recurrence WT

16 Rectum KRAS G125, PIK3CA E542K Liver KRAS G125, PIK3CA ES42K Lung KRAS G125, PIK3CA E542K

17 Rectum KRAS GI2D Lung KRAS GI2D Lung KRAS GI12D

18 Colon KRAS GI2D Liver KRAS GI2D Lung KRAS G12D

Lung KRAS G12D

19 Rectum NRAS Q61H Liver NRAS Q61H Lung NRAS Q61H

20 Rectumn PIK3CA E542K e Local recurrence PIK3CA £542K

21 Rectum KRAS Al46V Liver KRAS Al46V Lung KRAS Al46V

Lung KRAS Al46V

Abbreviations: LN = lymph node; WT = wild-type.
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12 or 13, BRAF codon 600, or PIK3CA codon 1047 were detected in
any sample in this study.

The degree of concordance of the gene mutations in primary
and pre-FOLFOX metastatic lesions was examined. In case 10, a
KRAS G12A mutation was detected in the primary lesion, whereas
the metastatic lesion in the lung had wild-type KRAS. Although the
histological features of the lung lesion were consistent with meta-
static adenocarcinoma of the colon, no mutations in the metastatic
lesion were detected, even after repeated high-sensitivity examina-
tions. The remaining 17 metastatic lesions in 14 patients, including
2 liver metastatic lesions in case 10, showed the same mutational
statuses as the primary tumours for all of the genes examined.

Then, the mutational statuses of the post-FOLFOX metastatic
lesions were examined. The mutational statuses of all genes
examined were identical in the 21 primary tumours and the
corresponding 24 post-FOLFOX metastatic lesions, regardless of
the sites involved, duration of FOLFOX treatment or disease-free
survival period.

DISCUSSION

Previous studies have reported a high concordance rate of the
KRAS mutations in primary and metastatic tumours (Oudejans
et al, 1991; Losi ef al, 1992; Suchy et al, 1992; Zauber et al, 2003;
Weber et al, 2007; Etienne-Grimaldi et al, 2008; Santini et al, 2008;
Garm Spindler et al, 2009; Loupakis et al, 2009; Perrone et al, 2009;
Baldus ef al, 2010; Italiano et al, 2010; Knijn et al, 2011). However,
in patients receiving long-term chemotherapy, the effects of
genotoxic chemotherapies, such as oxaliplatin, have not been well
investigated.

In this study, we examined 21 patients with metastatic colorectal
cancer who received adjuvant FOLFOX therapy. The recurrent
tumours in three patients who showed relapse within 4 months
after the primary surgery or during the first 3 or 4 cycles of
adjuvant FOLFOX therapy (cases 1-3) were regarded as synchro-
nous metastases arising from micrometastases that likely existed
prior to the start of the adjuvant chemotherapy. The remaining 18
patients who developed relapses more than 8 months from the end
of adjuvant FOLFOX therapy or after more than 6 cycles of
adjuvant FOLFOX therapy were regarded as having metachronous
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mutations in this study were found to be mutually exclusive. In the
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Our findings suggest that both the primary tumours and
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be valid sources of DNA for KRAS testing prior to treatment with
anti-EGFR antibodies, although the number of cases in this study
was limited. This finding should be further confirmed in a larger
number of cases. Though collecting surgically resected metastatic
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Abstract

treatment of NETSs.

Background: Small-cell lung carcinoma (SCLC) is a neuroendocrine tumor subtype and comprises approximately
15% of lung cancers. Because SCLC is still a disease with a poor prognosis and limited treatment options, there is
an urgent need to develop targeted molecular agents for this disease.

Methods: We screened 20 cell lines from a variety of pathological phenotypes established from different organs by
RT-PCR. Paraffin-embedded tissue from 252 primary tumors was examined for PTPRZ1 expression using
immunachistochemistry. shRNA mediated PTPRZT down-regulation was used to study impact on tyrosine
phosphorylation and in vivo tumor progression in SCLC cell lines,

Results: Here we show that PTPRZ1, a member of the protein tyrosine- phosphatase receptor (PTPR) family, is
highly expressed in SCLC cell lines and specifically exists in human neuroendocrine tumor (NET) tissues. We also
demonstrate that binding of the ligand of PTPRZ1, pleiotrophin (PTN), activates the PTN/PTPRZ1 signaling pathway
to induce tyrosine phosphorylation of calmodulin (CaM) in SCLC cells, suggesting that PTPRZ1 is a regulator of
tyrosine phosphorylation in SCLC cells. Furthermore, we found that PTPRZ1 actually has an important oncogenic
role in tumor progression in the murine xenograft model.

Conclusion: PTPRZ1 was highly expressed in human NET tissues and PTPRZ1 is an oncogenic tyrosine phosphatase
in SCLCs. These results imply that a new signaling pathway involving PTPRZ1 could be a feasible target for

Keywords: Small cell lung carcinoma (SCLC), Protein tyrosine phosphatase (PTP), Protein tyrosine phosphatase

Background

Neuroendocrine tumors (NETs) that includes small cell
lung carcinomas (SCLC), large cell neuroendocrine car-
cinomas (LCNEC), pancreatic neuroendocrine tumors
(PanNET), medullary thyroid carcinomas (MTC), pheo-
chromocytomas, paragangliomas, and carcinoids [1-4].
As one of the most malignant NETs, SCLC comprises

receptor Z1 (PTPRZ1), NETs (Neuroendocrine tumors), Pleiotrophin (PTN), Calmodulin (CaM)
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approximately 15% of lung cancer cases, and basic and
clinical research efforts have translated little innovation
in the treatment of this disease over the past 30 years
[5]. Although SCLC appears to be effectively controlled
with first line chemotherapy because of its relative high
sensitivity to chemotherapy and radiotherapy, most
patients ultimately relapse and salvage chemotherapy is
considered [6]. To identify novel drug targets against
SCLC, a greater understanding of the pathology of SCLC
through molecular analysis is urgently needed.
Dissection of the signaling pathways that may be
involved in the regulation of SCLC growth, for example
via phosphorylation or dephosphorylation of critical pro-
teins, may shed light on new approaches for tumor

© 2012 Makinoshima et al, licensee BioMied Central Ltd. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (httpy/creativecommons.org/licenses/by/2.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.
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elimination. Protein tyrosine phosphorylation is tightly
regulated by protein tyrosine-kinases (PTKs) and protein
tyrosine-phosphatases (PTPs) [7,8]. PTPs play an im-
portant role in the inhibition and control of growth as
tumor suppressors, since aberrant tyrosine phosphoryl-
ation is a characteristic feature of cancer cells [7-9]. In-
deed, PTPs expressed as cell surface receptors (PTPRs)
have been reported to be inactivated by genetic muta-
tions in human cancer {9,10]. On the other hand, there
is mounting evidence suggesting that several PTPRs also
have oncogenic function [9].

PTPRZ1, as a member of the PTPR family, is a single-
pass type I membrane protein with two cytoplasmic
tyrosine phosphatase domains (D1 and D2), an alpha-
carbonic anhydrase domain (CA), chondroitin sulfate
proteoglycans (CS-PGs) and a fibronectin type-IlI do-
main (FNIII) [11]. PTPRZI interacts with its ligand
pleiotrophin (PTN), which is a secreted growth factor
involved in angiogenesis and tumor growth [12,13].
Upon binding, PTN inactivates the phosphatase activity
of PTPRZ1, which leads to an increased tyrosine phos-
phorylation status of important signaling molecules such
as B-catenin, Fyn and RhoGAP [14-18]. With regard to
cancer, PTPRZ1 expression was dramatically induced by
genetic amplification caused by chronic oxidative stress
and hypoxic stress through HIF-2 alpha [14,19] and sev-
eral previous studies suggested that PTPRZ1 regulates
cancer cell growth and cell migration [18,20-24].

In this paper, we found that PTPRZ1 is highly
expressed in SCLC cell lines and specifically exists in
human NET tissues. We hypothesized that PTPRZ1
functions to regulate tyrosine phosphorylation in SCLC
cells and has an important role for SCLC tumor progres-
sion. To test this idea, we investigated the sability of
PTPRZ1 to regulate tyrosine phosphorylation and tumor
progression using SCLC cell lines.

Methods

Cell cultures

LN229 (glioblastoma, ATCC#CRL-2611), US7MG (glio-
blastoma/astrocytoma, ATCC#HTB-14), Hela (cervix
ADCA, ATCC#CCL-2), Caco2 (colorectal ADCA,
ATCC#HTB-37), DLD1 (colorectal ADCA, ATCC#CCL-
221), HCT116 (colorectal ADCA, ATCC#CCL-247),
SW480 (colorectal ADCA, ATCC#CCL-228), A549 (lung
ADCA, ATCC#CCL-185), LNCaP (prostate ADCA,
ATCC#CRL-1740), MCF7 (breast ADCA, ATCC#HTB-
22), A431 (squamous cell carcinoma, ATCC#CRL-1555),
NCI-H69 (SCLC, ATCC#HTB-119), NCI-H82 (SCLC,
ATCC#HTB-175), NCI-H345 (SCLC, ATCC#HTB-180),
NCI-H446 (SCLC, ATCC#HTB-171), NCI-H510A (SCLC,
ATCC#HTB-184), NCI-H1436 (SCLC, ATCC#CRL-5871),
and NCI-H1930 (SCLC, ATCC#CRL-5906) were originally
purchased from ATCC and stocked in our Research

Page 2 of 10

Center. TE1 (esophagus squamous cell carcinoma), TE3
(esophagus squamous cell carcinoma), TE4 (esophagus
squamous cell carcinoma), TE5 (esophagus squamous cell
carcinoma), and TE10 (esophagus squamous cell carcin-
oma) were gifts from Dr. Sasaki (National Cancer Center
Research Institute). SBC-3 (SCLC, #JCRB0818) was
obtained from the JCRB and stocked in our Research Cen-
ter. All cell lines were cultured in cell culture dishes (BD
Biosciences) at 37°C and 5% carbon dioxide using RPMI
1640 (SIGMA), DMEM (SIGMA) supplemented with 10%
fetal bovine serum (FBS, Nichirei Bioscience), or HITES
Medium [2526] supplemented with penicillin/strepto-
mycin (Invitrogen). For the PTN assay, 100 ng/ml of
recombinant human pleiotrophin/PTN (R&D Systems
#252-PL) was used.

Human cancer samples

Samples were obtained with informed consent from each
individual, and the study was approved by the Ethics
Committee of the National Cancer Center East Hospital.
During the period from January 1992 to December 2010,
a total of 252 patients who had primary tumors were
treated at the National Cancer Center Hospital East,
Chiba, Japan. All primary cancers with a pathologic diag-
nosis based on the classification schema of the WHO
classification were reviewed, with 105 cases as adenocar-
cinoma (ADC), 61 as squamous cell carcinoma (SQCC)
and 86 as neuroendocrine tumors (NETs). We used tis-
sue microarray (TMA) to measure PTPRZ1 expression
within lung tumors [27]. Each case in which more than
80% of the cancer cells reacted positively for an antibody
to PTPRZ1 was recorded as positive,

Antibodies

Antibodies used included anti-PTPRZ1 (SIGMA #015103)
[28], anti-Phosphotyrosine, clone 4 GI10 (Millipore
#05-321), anti-Calmodulin (Santa Cruz sc-5537, Millipore
#05-173, abcam ab45689), anti-phospho-Calmodulin
(Santa Cruz Biotechnology sc-23760-R, Millipore
#09-295) and anti-B-tublin (Cell Signaling #2146).

Immunohistochemistry (IHC)

All immunohistochemical (JHC) analyses were per-
formed on paraffin-embedded tissues obtained from the
primary tumor in the surgical specimen. For all IHC
analyses the surgically resected specimens were fixed in
10% formalin and embedded in paraffin for routine
pathological examination. We prepared and used 5-pm-
thick paraffin sections cut from a paraffin block contain-
ing histological findings that were representative of the
tumor. The procedure for IHC was previously described
[27,28]. Antigen retrieval was performed in citrate buffer
solution (pH 6.0). Endogenous peroxidase was blocked
with 0.3% H,O, in methanol for 15 min and all slides
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were heated to 95°C by exposure to microwave irradi-
ation for 20 min and then cooled at room temperature
(RT). Slides were washed in PBS and after a 1 h incuba-
tion at RT with the primary antibodies, the slides were
incubated for 30 min with a labeled polymer EnVision
TM+, Peroxidase—conjugated anti-Mouse or Rabbit
(Dako, Tokyo, Japan). The chromogen used was 2% 3,
3'-diaminobenzidine (DAB) in 50 mM Tris-buffer
(pH 7.6) containing 0.3% hydrogen.

RNA isolation and real-time RT-PCR

Cells were washed with PBS and total RNA from the cell
lines was isolated with TRIzol Reagent (Invitrogen).
Complementary DNA (cDNA) was synthesized using the
PrimeScript® RT reagent Kit (TaKaRa, Japan). Real-time
RT-PCR was carried out with specific primers and a
Smart Cycler (Cepheid, Sunnyvale, CA, USA). Real-time
fluorescence monitoring of the PCR products was per-
formed with SYBR Green I fluorescent dye (TaKaRa).
The levels of expression of specific genes are reported as
ratios to the level of expression of GAPDH in the same
master reaction. Synthesized primers were purchased
from TaKaRa Bio with Primer Set ID given as PTPRZ1,
3’ (HA082543). GAPDH was used for normalization as
control and the relative quantitation value compared to
the calibrator for that target is expressed as 2 <),

Western blot

Western blotting was performed as described [29]. After
lentivirus infecton with the vector for shLUC or
shPTPRZ 1, total cell lysate was prepared from cells cultured
in complete medium. Primary antibodies were used at
1:1000 dilution and p-tubulin was used as loading control.

Expression of short hairpin RNA (shRNA)

Plasmid construction was carried out with Gateway sys-
tem (Invitrogen) according to the manufacturer’s instruc-
tions. Cloning vectors were pDNOR221 (Invitrogen) and
pENTR/U6 (Invitrogen). The lentiviruses were produced
using 293FT cells (Invitrogen) transfected with pCAG-
HiIVgp, pCMV-VSV-G-RSV-Rev, and a lentivirus vector
based on CSII-CMV-RfA-IRES2-Venus (Dr. Miyoshi,
RIKEN BioResource Center) expressing shRNA with the
sequence described below. Transfection was achieved
using Lipofectamine 2000 reagent (Invitrogen) according
to the manufacturer’s instructions. Lentivirus-containing
medium was filtered through a 045 pm filter and used
for transduction of target cells. The sequences and plas-
mid names were; shLUC: GTGCGCTGCTGGTGCCAAC
(pGL3, firefly luciferase), shPTPRZI_1: GCCTATAAATT-
GTGAGAGCTT (pHMAO017), shPTPRZ] 2: GCTGCTT-
TAGATCCATTCATA (pHMAOQ19), and shPTPRZI 3:
GGATGGCAAACTGACTGAT (pHMA022).
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Flow cytometry

Cells were incubated with anti-PTPRZ1 antibody
(SIGMA) and excess antibody was removed by wash-
ing with PBS containing 2% FBS. Polyclonal goat anti-
rabbit immunoglobulin conjugated to Phycoerythrin (PE)
(Jackson) was added as a secondary antibody. The cells
were then washed with PBS and flow cytometric analysis
was performed using a FACSCalibur and FACSAria (BD
Biosciences).

Animal studies

All of experimental SCID mice were handled in accord-
ance with institutional guidelines established by the Ani-
mal Care Committee of the National Cancer Center East
Hospital. H69 and H1930 SCLC cells expressing shRNA
were injected into the subcutaneous tissue of SCID mice
(7-8 weeks of age, CLEA, Tokyo, Japan). Tumor volume
was calculated as the product of a scaling factor of 0.52
and the tumor length, width, and height were measured
every week. For IHC analysis, organs were obtained from
mice at 5 or 8 weeks after injection and fixed in 10%
formalin.

Statistical methods

Standard Student’s ¢-test was used to determine the sig-
nificance between non-targeting control and shPTPRZI
experiments. Statistical correlation was carried out using
x2test for independence (2x2 contingency table).
P <0.05 was considered statistically significant.

Results

PTPRZ1 is highly expressed in SCLC cell lines

To assess mRNA expression of PTPRZI comprehen-
sively in human cancers, we screened 20 cell lines from
a variety of pathological phenotypes established from
different organs by RT-PCR. We observed that two
SCLC cell lines at the first screening, NCI-H69 (H69)
and NCI-H1930 (H1930), expressed PTPRZI mRNA at
significantly higher levels than other cell lines
(Figure 1A). To confirm the specificity of PTPRZ1 ex-
pression in SCLC cells, we measured PTPRZ1 protein
levels by Western blotting (Figure 1B). The human
PTPRZI gene encodes a core protein consisting of 2315
amino acids (NCBI Reference Sequence: NP_002842)
with a predicted molecular weight (M.W.) of 400 kDa,
[30]. Indeed, we detected a specific band of PTPRZ1
protein at approximately 400 kDa by WB, only within
SCLC cell lines expressing PTPRZI mRNA at high levels
(Figure 1B).

PTPRZ1 is specifically expressed in human NET tissues

To determine globally which human tumor tissues
expressed PTPRZ1, we analyzed immunohistochemical
(IHC) evaluations of a variety of tumors including 105



Makinoshima et al. BMC Cancer 2012, 12:537 Page 4 of 10
http://www.biomedcentral.com/1471-2407/12/537

0.024..

0.016-

0.008~

PTPRZ1/GAPDH &

Lol
LN22o] M

UsTMe
Hela

Glial

B

B-Tubulin 2
PTPRZ1

2 g% 8
hong ~
TEies
SCLC Cell Lines

Figure 1 Gene expression of PTPRZ1 among the different cancer cell lines. Glial, adenocarcinoma (ADCA), squarmnous cell carcinoma (SQCC)

and neuroendocrine tumor (NET) cell lines were screened for PTPRZT mRNA levels (normalized to GAPDH), with standard deviation error bars
shown (A). PTPRZ1 was expressed in SCLC cell lines at protein level (B).
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Figure 2 PTPRZ1 was expressed in human NETs. A-D, Representative microscopic images for PTPRZ1-negative SCLC (A), PTPRZ1-positive
SCLC (B), Thyroid Medullary carcinorna (TMC) (©) and Pancreatic endocrine tumor (PanNET) (D). Scale bars are 20 ym (Magnification X40). E, The
percentage of PTPRZ1 expression in human tumor tissues was measured in ADCA, SQCC, and NET pathological types including lung ADCA (LA),
breast ADCA (BA), gastric ADCA (GA), pancreatic ADCA (PA), colon ADCA (CA), Thyroid ADCA (TA), lung SQCC (LS), esophagous SQCC (ES),lung
NET (LN), thyroid NET (TN), pancreatic NET (PN), chromaffin-cell NET (CT), and gastrointestinal carcinoid (GC).




