248

. H. Kaneda et al.

1. Introduction

Patients with advanced non-small-cell lung can-
cer (NSCLC) have a poor prognosis with 1-5%
5-year survival rates [1]. A recent meta-analysis
demonstrated that platinum-based combination
chemotherapy is currently considered to be the
most effective treatment for advanced NSCLC, and
these have improved the median survival time (MST)
by 2 months and caused a 10% increase in 1-year
survival rates [2]. As platinum-based chemotherapy
improves survival and quality of life in advanced
NSCLC patients, most patients will receive second
line chemotherapy. With recurrence or progres-
sion, docetaxel has been approved as a second line
chemotherapy treatment due to demonstrated sur-
vival benefit compared with best supportive care
{BSC) or vinorelbine/ifosfamide [3,4]. Currently,
there is no proven effective chemotherapy for pa-
tients previously treated with platinum-based and
docetaxel therapies.

The epidermal growth factor receptor (EGFR) is
a promising target for anticancer therapy because
many types of cancer cells express or overexpress
EGFR (including NSCLC, renal cell carcinoma and
breast cancer) [5,6). EGFR overexpression has been
reported as a poor prognostic factor in many types
of human solid tumors including NSCLC in several
studies [7-9]. Currently, monoclonal antibodies
that bind to the extracellular domain of EGFR and
intracellular tyrosine kinase inhibitors have been
developed [10,11]. Gefitinib is an orally active, se-
lective EGFR tyrosine kinase inhibitor that blocks
signal transduction pathways implicated in the pro-
liferation, angiogenesis, invasion, metastasis and
survival of cancer cells {12,13]. Several phase |
trials demonstrated safety and tolerability of gefi-
tinib in pretreated patients with solid tumors, in
which trials an 11% response rate was seen in 100
patients with heavily pretreated advanced NSCLC
[14]. On the other hand, in Japan, a phase | trial
demonstrated five responders out of a total of 31
patients who all had adenocarcinoma of the lung
[12]. To confirm anti-tumour activity and the safety
profile of gefitinib, an international phase Il study
(IDEAL-1) and United States trial (IDEAL-2) were
conducted as a second or third line treatment in
patients with advanced NSCLC [15,16]. Patients
enrolied in these studies were randomized into
two different doses, 250 and 500mg/day. These
trials demonstrated that toxicity was mild and
showed an encouraging response rate with an RR
of 18.4 and 11.8% of patients in the 250mg arm,
respectively, and an improvement in disease re-
lated symptoms and quality of life were observed.
The IDEAL-1 study has also confirmed that there

were statistically significant differences in efficacy
for 'adenocarcinoma’ and 'female’ using multi-
variate analysis. Two large randomized phase [l
studies [17,18], which are standard chemotherapy
(cisplatin/gemcitabine or carboplatin/paclitaxel)
with or without gefitinib, failed to demonstrate
a survival benefit for advanced NSCLC patients
as a first line chemotherapy. Although the results
of the phase Il! studies were negative, gefitinib
is still considered a promising motecular targeted
agent as a new generation treatment in patients
with advanced NSCLC. Information on the clinical
prognostic factors following a single regimen of
gefitinib should be helpful in finding which patients
are likely to receive benefit, and in the develop- -
ment of a future treatment. Although the previous
phase Il trial (IDEAL) showed that several predic-
tive factors were associated with the response to
gefitinib, the population was essentially biased to-
wards the young, with good performance status
{PS) and conserved, good organ functions.

In this study, to find factors associated with an
objective response and survival benefit of gefitinib,
we retrospectively analysed patients who received
a single regimen of gefitinib at our institute.

2. Methods

All patients with stage 11iB or IV NSCLC, who re-
ceived a single regimen of gefitinib from August
1998 until July 2003 at the Kinki University School
of Medicine, Osaka, were retrospectively reviewed.
We evaluated patients who participated in clinical
trials (phase | trial, phase Il trial; IDEAL-1), or phase
Il trial for investigating surrogate gene therapy,
and in 53 patients who were administered the drug
after marketing (including elderly or poor perfor-
mance status patients). Patients who received gefi-
tinib as part of a compassionate use program were
excluded. All patients were checked for age, gen-
der, histology, Eastern Cooperative Oncology Group
(ECOG), PS, stage, pre-treatment regimen, number
of prior regimen, and smoking status before treat-
ment of gefitinib. Smoking status was evaluated by
the Brinkmann index; number of cigarettes per day
multiplied by number of years. We analyzed the
response, overall survival rate and the adverse ef-
fects of gefitinib, and investigated predictive fac-
tors associated with response and prognosis. The
response was assessed using physical examination,
biochemical profile, chest X-ray, chest computed
tomography (CT), head CT or magnetic resonance
imaging (MRI) scan, abdominal echo-graphic or ab-
dominal CT scan, bene scinti-graph, bronchoscope,
and was evaluated according to the response eval-
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uation criteria in solid tumor {(RECIST) [19]. The
severity of all the adverse events (AEs) that re-
lated to gefitinib administration was assessed by
the NCPCTC {version 2.0) grading system. The pre-
dictive factors associated with the response that
were analyzed in this study were age, gender,
PS, histology, stage, number of prior regimen and
smoking status. Variables were tested for any pos-
sible relationship with the response to gefitinib,
at first by univariate analysis, and subsequently by
the application of a multivariate model. Response
rates were compared between strata using Fisher’s
exact test. Logistic regression models were used
to explore observed differences and identify base-
line factors that may independently predict for
response rates. The survival curves were estimated
using the Kaplan—Meier method and compared us-
ing the log-rank test. P-values less than 0,05 were
considered significant.

3. Results
3.1. Patient profiles

From August 1998 until July 2003 at our insti-
tute, a total of 105 patients, who were already
cytologically or histologically diagnosed as NSCLC,
were treated by a single regimen of gefitinib.
Patients received gefitinib until disease progres-
sion or intolerable toxicity. Of these, 101 patients
were evaluated as suitable for analysis; four pa-
tients were excluded from analysis because they
received gefitinib as part of a compassionate use
program. As shown in Table 1, the 101 patients
included: 2 patients who received gefitinib at a

Patient characteristics - - -
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once daily dose of 50mg; single patients who each
received 100, 225, 400, 525 and 700 mg, respec-
tively; 89 patients who received 250mg; and 5
patients who received 500 mg. In the phase | trial,
we used an intermittent administration schedule
with 14 days continuous dosing followed by 14
days off.

Patient characteristics are shown in Table 2. The
median age was 62 years (ranging from 31—84)
and 74 patients (73.3%) were less than 69 years
old. 63.4% of the patients were male, 76.2% had
performance status (ECOG) 0—1, 80.2% had ade-
nocarcinoma of which 83.2% had stage IV disease.
Fifty-three patients had received one prior reg-
imen, 43 had more than two prior regimens and
only five had previously been untreated. 54.5% of
them were smokers, and the non-smokers were
almost all female, This study included patients
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Table 3 - Overall objective response’ .+~
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who had failed several previous chemotherapy
regimens, and patients with an ECOG PS score
of 3.

3.2. Response to treatment

Table 3 shows an objective response observed in
this study. Twenty responders were evaluated and
the overall response rate was 19.8%. One patient
achieved a complete response, 19 patients exhib-
ited a partial response and 52 patients had stable
disease, resulting in a disease control rate (ob-
jective responses plus stable disease) of 71.3%.
When evaluated using patient characteristics, we
determined the response rate detailed in Fig. 1.
All patients that responded had adenocarcinoma

40
35
$ 30
ggzs—
£ 20 g
£ N
o \ N
5%15— §
N \
10 %
\ \
5— §
J LN N
_ =2
: §f =y 23
= s VR 5

® Number of chemotherapy cycles

*¥ Performance status

of the lung as the histological subtype. In addi-
tion, for the factors ‘female’ and 'never-smoker’,
there were higher respense rates than in 'male’
and ‘smoker’ respectively, while RR was similar
for age, stage and pre-treatment. The response
rate of ‘female’ and "never-smoker’ were 37.8 and
32.6%, respectively. Using the Fisher’s exact test,
the predictive factors which were associated with
a response were ‘female’ (37.8% versus 9.4%; P =
0.0008), ‘adenocarcinoma’ (24.7% versus 0%; P =
0.0104), ‘good PS’ (0—1) (26.0% versus 0%; P =
0.0028), and never-smoker (32.6% versus 9.1%;
P =0.0025). There were nao significant differences
for age, stage and pre-treatment (Table 4). A mul-
tivariate analysis was performed against the four
significant predictive factors in univariate analysis
{Table 5). Because the incidence of the female fac-
tor is very strongly correlated to the never-smoker
factor, the statistical assay was rather unstable if
the two factors were analyzed simultaneously, We
then investigated two patterns of multivariate anal-
ysis. One analysis excluded smoking and the other
excluded gender. If smoking status was extracted,
then female and good performance status were
statistically significant. If gender was extracted,
then non-smoking and good performance were sta-
tistically significant. The odds of a response were
over three times higher for patients with adeno-
carcinoma than for patients with other histologies,
however, this is not considered to be statistically
significant because the group in this study was of
a small size and included a high percentage of
adenocarcinoma.
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Fig. 1 Tumor response rate of the subgroups.
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3.3. Toxicity

Drug-related AEs of all patients are shown in
(Table 6). A total of 101 patients were evaluated for
toxicity. The most frequent drug-retated AEs were a
rash, dry skin and diarrhea. Most of these AEs were
mild (Grade 1 or Grade 2) and were controllable.
Of all the drug-related AEs evaluated, Grade 3 or
Grade 4 AEs were seen in less than 5%, and Grade
4 drug-related AEs were only pneumonitis. Grade 3

or 4 AEs required a treatment interruption, but re-
covered after discontinuation of gefitinib, except
with pneumonitis. Four patients developed greater
than Grade 3 pneumonitis requiring hospitaliza-
tion. All patients had a fever and severe hypoxemia
on admission. As soon as possible, all patients were
administered steroid therapy. While two patients
recovered with the steroid therapy, two patients
died within 40 days after the administration of gefi-
tinib. Hematological toxicities were not observed.

3.4, Survival

The median survival time of the patients who were
‘good PS’ (0 or 1) and ‘poor PS’ (2 or 3) was 353
and 97 days, respectively, and this difference was
significant (P = 0.0001, log-rank test) (Fig. 2A).
The MST of females was significantly longer than
that of males (596 days versus 178 days, P = 0.004)
(Fig. 2B). Furthermore, a low smoking index (<900)
significantly prolonged survival (MST: 301 days ver-
sus 149 days, P = 0.031) (Fig. 2C). Age did not in-
fluence the survival benefit of the patients treated
with gefitinib (Fig. 2D).

4, Discussion

Gefitinib is an orally active, selective EGFR tyro-
sine kinase inhibitor that blocks signal transduction
pathways, and is one of the promising molecular
targeted drugs used in the treatment of advanced
NSCLC [16,17,20]. Although the large scale of the
phase |l study (IDEAL-1) [15] has already confirmed
that there were statistically significant differences
in efficacy for "adenocarcinoma’ and ‘female’ by
multivariate analysis, the population was essen-
tially biased towards young people with good per-
formance status who had conserved, good organ
functions. To clarify the predictive prognostic fac-
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tors in a practical setting, we retrospectively anal-
ysed the patients who received a single regimen
of gefitinib at our institute. Multivariate analysis
demonstrated that the predictive factors which
were associated with a response were ‘female’,
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Estrogen and progestercne may up-regulate EGFR
in normal tissues [21], and activation of steroid
hormones might impact on EGFR function in
NSCLC [2Z]. Another explanation may be that
the steroid hormone receptor might interact with
EGFR and influence the response of an EGFR
inhibitor.

Multivariate analysis in IDEAL-1 showed that PS
was not a significant prognostic factor, however, the
population of the study was restricted with regards
to good PS. Although gefitinib was considered as
an effector of symptom improvement in the phase
I trial, the indication for patients with poor PS is
controversial. Several authors described the case
reports about the efficacy of gefitinib in NSCLC pa-
tients with poor PS [23,24] or with brain metastases
[25]. Although 'good PS' were significant prognos-
tic factor in this trial, gefitinib still might be a can-
didate drug for patients with poor PS, because of
restriction of the use of other anti-cancer drug by
their toxicities.

Elderly patients exhibited an equivalent response
to young patients in this study. Recent data sug-
gested, gefitinib is safe and well tolerated in elderly
pretreated NSCLC patients [26]. A phase ll study of
gefitinib for elderty patients in N3CLC is needed.

A low smoking index was revealed as a predic-
tive prognostic factor following a single regimen of
gefitinib. Erlotinib is also administered orally and
is a highly selective EGFR tyrosine kinase inhibitor
[27] with a quinazolinamine-based structure sim-
ilar to that of gefitinib. In the phase I study of
erlotinib in NSCLC or bronchial alveolar carcinoma
[28], a non-smoking history was also a proghos-
tic factor. Chronic exposure to nicotine increases
the expression level and phosphorylation status
of EGFR and impairs its function [29]. Moreover,
smoking produces averexpression of Her2/neu that
binds to EGFR as a hetero-dimer in the tissue of
normal bronchus. Expression of EGFR or Her2/neu
or bath in tissue samples by immunohistochemistry
has not correlated in the response of gefitinib [30],
however the different type of dimers formed be-
tween EGFR families might influence the response
to gefitinib.

Four patients (4% of the patients) developed in-
terstitial lung disease (ILD). Continuous smoking
disrupted surfactant protein A or D [31,32], and the
serum levels of the proteins were increased [33].
As 'smoking history’ and ‘male’ are significant risk
factors of 1LD and also in treatment with gefitinib
[34], a serum level of the surfactant protein A or
D might be a predictive marker of ILD. Patients
who are female and non-smokers are most likely
to receive a high benefit and low risk with gefitinib
treatment.

Although more basic biological research is needed
to find the mechanism of action, we have found
several predictive prognostic factors associated
with the practical use of gefitinib. This is necessary
clinical information which is important in order to
set eligibility criteria for future clinical trials with
gefitinib.
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ABSTRACT

Purpose: N-Acetylglucosaminyltransferase V (GnT-V),
a key enzyme in the formation of branching of asparagine-
linked oligosaccharides, is strongly linked to tumeor invasion
and metastasis of colon and breast cancers. However,
GnT-V is expressed in many tissues, including normal lung,
GnT-Y expression has not been examined previously in
human lung cancers, The objective of this study is to exam-
ine GnT-V expression in non-small cell lung cancers
(NSCLCs) and to determine its relationship to biological and
clinicopathological characteristics and prognosis.

Experimental Design: GnT-V expression was studied by
immunchistochemistry in 217 surgically resected NSCLCs
and analyzed statiscally in relation to various character-
isties.

Results: High GnT-V expression was found in 113
(52.1%) NSCLCs, and low GnT-V expression was found in
104 (47.9%) NSCLCs. Multivariate logistic regression anal-
ysis revealed a significant association between low GnT-V
expression and squamous cell carcinomas, as compared with
nonsquamous cell carcinomas (P = 0.02). Among biclogical
characteristics of tumors, Ki-67 labeling index was higher in
tumors with low GnT-V expression than in those with high
GnT-V expression, although this difference was not statisti-
cally significant (P = 0,09), Patients with tumors having low
GnT-V expression had significantly shorter survival time
than patients with tomors having high GnT-V expression in
103 patients with pStage I NSCLCs (5-year survival rates,
49% and 86%, respectively; P = 0.0009), as well as in 59
patients with pStage I non-squamous cell carcinomas (5-
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year survival rates, 54% and 89%, respectively; P = 0.007).
Low GnT-V expression was a significant unfavorable prog-
nostic factor in pStage I NSCL.Cs (hazard ratio, 2.36; P =
0.002) and in pStage I nonsquamous cell carcinomas (hazard
ratio, 3.02; P = 0.02). Furthermore, $1-6 branching of
asparagine-linked oligosaccharides, which are products of
GnT-V, were increased highly or moderately in 8 of 10
tumors with high GnT-V expression, us judged by leukoag-
glutinating phytohemagglutinin staining,

Conclusions: Gn'T-V expression is associated with his-
tology in NSCLCs. Low GnT-V expression is associated with
shorter survival and peor prognosis in pStage I overall
NSCLCs and non-squamous cell carcinomas.

INTRODUCTION

Lung cancer is one of the leading causes of cancer death
throughout the world. Although the management and treatment
of non-small cell lung cancers (NSCLCs) have improved, there
is no evidence to suggest that therapeutic advances have resulted
in a marked increase of survival rates, and the overall 5-year
survival rate remains <<15% (1, 2). The clinical observations
that patients with NSCLCs in comparable stages may have
different clinical courses and may respond differently to similar
treatments have yet to be fully understood. A more sophisticated
understanding of the pathogenesis and biology of these tumors
(3, 4) could provide useful information for predicting clinical
outcome, individualizing treatment (5-8), and identifying mo-
lecular targets of the treatment (9).

Oligosaccharides on glycoproteins are altered in tumori-
genesis, and they often play a role in the regulation of the
biological characteristics of tumors (10). Each oligosaccharide
is synthesized by a specific glycosyltransferase, the expression
of which affects specific functions of glycoproteins through
glycosylation in normal and malignant cefls (11). Among many
glycosyltransferases, N-acetylglucosaminyltransferase V (GnT-
V), a key enzyme in the formation of branching of asparagine-
linked oligosaccharides, is the most strongly linked to tumor
invasion and metastasis in cancers of the colon and breast
(12~14), In such organs, normal epithelial ¢cells do not express
GnT-V (14) or B1-6 branching asparagine-linked oligosaccha-
rides, which are synthesized by GnT-V (15}, On the other hand,
GnT-V has been shown to be expressed in many mouse tissues,
including normal lung (16). In addition, expression of $1-6
branching asparagine-linked oligosaccharides, which are syn-
thesized by GnT-V, is found in normal human bronchial epi-
thelial cells and alveolar pneumocytes (15). However, GnT-V
expression has not been examined previously in human lung
CANCEIS.

In the present study, we examined GnT-V expression by
immunohistochemistry in surgically resected NSCLCs and an-
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alyzed jts biological and clinical importance, especially as a
potential prognostic factor.

MATERIALS AND METHODS

Tumor Specimens and Survival Data. Primary tumor
specimens from 217 NSCLCs were consecutively obtained by
surgery performed at the Hokkaido University Medical Hospital
between 1976 and 1994, The patients with NSCLCs consisted of
145 men and 72 women. The histological classification of the
tumor specimens was based on WHO criteria (17), and the
specimens included 90 squamous cell carcinomas, 109 adeno-
carcinomas, 9 large cell carcinomas, and 8 adenosquamous cell
carcinomas, For this study, non-squamous cell carcinoma in-
cluded adenocarcinome, large cell carcinoma, and adenosqua-
mous cell carcinoma, The specimens represented 120 Stage I, 13
Stage I1, 71 Stage Illa, 1 Stage IIIb, and 7 Stage I'V tumors. The
postsurgical pathological tumor-node-metastasis stage {(pTNM)
was determined according to the guidelines of the American
Joint Committee on Cancer (18). Of the 120 patients with
pStage I tumors resected with curative intent, survival was
analyzed for the 103 patients who met the following criteria: (@)
survived for >3 months after surgery; (5) did not die of causes
other than lung cancer within 5 years afier surgery; and (¢) were
followed for >3 years after surgery (for patients who remained
alive). Seventeen patients did not meet the above criteria (four
patients died within 3 months after surgery, six died of causes
other than lung cancer within 5 years, and seven had no survival
records after surgery) were excluded from the survival analysis.
Of the 103 patients for whom survival was analyzed, 54 patients
had died of cancer. Of these 54 patients, 27 had squamous cell
carcinomas, 22 had adenocarcinomas, 3 had large cell carcino-
mas, and 2 had adenosquamous cell carcinomas. Karnofsky
performance status was 90% or greater in all 103 patients for
whom survival was analyzed. This study was approved by the
Medical Ethica! Committee of Hokkaido University School of
Medicine. Because all patients were coded, they could not be
individually identified,

Immunohistochemistry for GnT-V. GnT-V expression
was analyzed by immunohistochemistry. The labeled streptavi-
din biotin method was used on 4-pm sections of formalin-fixed,
paraffin-embedded tissues after deparaffinization, Briefly,
deparaffinized tissue sections were incubated with normal rabbit
serum at room temperature to block nonspecific antibody bind-
ing sites, The sections were consecutively reacted with a mouse
monoclonal antibody egainst recombinant human GnT-V (1:400
dilution; Ref. 14) or with control mouse isotype-specific immu-
noglobulin at 4°C overnight. Immunostaining was performed by
the biotin-streptavidin immunoperoxidase method with 3,3'-
diaminobenzidine as a chromogen (SAB-PO kit; Nichirei, To-
kyo, Japan). Methyl green was used for counterstain. GnT-V
expression found in normal bronchial epithelial cells and alve-
olar pneumocytes served as intemal positive controls.

GnT-V expression in tumors was classified as high or low,
based on the proportion of positively stained cancer cells
{=50% of cancer cells stained or <<50% of cancer cells stained)
and the staining intensity (classified as retained or decreased and
negative, as compared with the staining of normal bronchial
epithelial cells). Tumors that retained staining in at least 50% of

cancer cells were judged as having high GnT-V expression
{retaining expression of GnT-V). Tumors that retained staining
in <50% of cancer cells were judged as having low GnT-V
expression (losing expression of GnT-V),

Immunohistochemistry for Ki-67, p27%'", Cyclin E,
and GalNA¢-T3. Expression of Ki-67, p27%'*!, cyclin E, and
GalNAc-T3 was analyzed by immunohistochemistry. For these
proteins, the slides and results that were reported previously
(19-21} were used for the present study, The methods for the
staining of these proteins in resected tumors have been de-
scribed previously (19-21). The labeled streptavidin biotin
method was used on 4-pm sections of formalin-fixed, paraffin-
embedded tissues afier deparaffinization, The primary antibod-
ies used were a mouse monoclonal MIB-] antibody (Immunc-
tech, Marseilles, France), a mouse monoclonal antihuman
p27T<F! antibody (clone 1B4; Novocastra, Newcastle, United
Kingdom), 2 mouse monoclonal antihuman cyclin E antibody
(HE12; PharMingen, San Diego, CA), and a rabbit polyclonal
antibody against a synthesized peptide of human GalNAc-T3
1.

Leukoagglutinating Phytohemagglutinin (L-PHA) His-
tochemistry, Expression of p1-6 branching asparagine-linked
oligosaccharides was analyzed by L-PHA histochemistry. The la-
beled streptavidin biotin method was used on 4-pum sections of
formalin-fixed, paraffin-embedded tissues after deparaffinization,
as described previously (22). Briefly, trypsinization was done in
Tris buffer containing 0.1% trypsin (Difco Laboratories, Detroit,
MI) and 0.1% CaCl, for 10 min at 37°C after blocking endogenous
peroxidase activity. To remove sialic acids from the terminal res-
idues of L-PHA-reactive oligosaccharides, the sections were
treated with neuraminidase from Vibrio Cholerac (Roche, Tokyo,
Japan) at a concentration of 0.1 unit/ml in sodium acetate buffer
(pH 5.6) containing 0,04 M CaCl, for I h at 37°C. The sections
were incubated with 5% skim milk in PBS for 20 min at room
temperature to block nonspecific staining, The sections were incu-
bated with biotinylated L-PHA lectins (E.Y, Laboratories Inc., San
Mateo, CA) at a dilution of 1:500 at 4°C overnight, Staining was
performed by the biotin-streptavidin peroxidase method with 3,3'-
diaminobenzidine as a chromogen (Nichirel). Hematoxylin was
used for counterstain.

L-PHA binding reactivity was classified as high, moderate,
or low, according to the proportion of positively stained cancer
cells (=30%, between 10% and 30%, or <10%, respectively).

Statistical Analysis. The associations between GnT-V
expression and categorical variables were analyzed by the ¥*
test or Fisher's exact test, as appropriate, The associations
between GnT-V expression and age or Ki-67 labeling index (LI)
were analyzed by Student’s ¢ test. To simultaneously examine
the effect of more than one factor on GnT-V expression, mul-
tivariate logistic regression analysis was used (23). The survival
curves were estimated using the Kaplan-Meier method, and
differences in survival distributions were evaluated by the gen-
eralized Wilcoxon test. Cox's proportional hazards modeling of
factors potentially related to survival was performed to identify
which factors might have a significant influence on survival.
Ps < 0.05 were considered statistically significant. All tests
were two-sided.
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RESULTS Among biological characteristics of tumors studied previ-
Typical immunostaining patterns for GaT-V in normal ously in this cohort of NSCLCs (19-21), Ki-67 LI was higher in
bronchial tissue and NSCLCs are shown in Fig. 1. Normal tumors with low GnT-V expression than in those with high
bronchial epithelial cells, bronchial gland cells, and alveolar ~ GnT-V expression, although this difference was not statistically
pneumocytes {data not shown) showed GnT-V expression, con-  significant (P = 0.09; Table 3). Low GalNAc-T3 expression
sistent with previous findings that GnT-V is expressed in normal was significantly more prevalent in tumors with low GnT-V
mouse lung (16) and that B1-6 branching oligosaccharides expression than in those with high GnT-V expression (P =
synthesized by GnT-V are found in normal bronchial epithelial ~ 0.0001). There were no differences in p275'™! LI and cyclin E
cells and alveolar pneumocytes (15). In cancer cells, GnT-V LI between tumors with low GnT-V expression and those with
expression was found diffusely in the cytoplasm or localized in ~ high GnT-V expression.
the Golgi apparatus, as reported previously for colon cancers We next analyzed the relationship between GnT-V expres-
(14). sion and patient survival (Fig. 2} and the importance of GnT-V
High GnT-V expression was found in 113 (52.1%)  as a prognostic factor (Table 4) in pStage I discase. In 103
NSCLCs, and low GnT-V expression was found in 104 (47.9%)  patients with pStage I NSCLCs, patients with tumors having low
NSCLCs (Table 1). Low GnT-V expression was significantly =~ GnT-V expression survived a significantly shorter time than
more prevalent in tumors from men than in those from women  patients with tumors having high GnT-V expression (5-year
(P = 0.009), in tumors from smokers compared with nonsmok- survival rates, 49% and 86%, respectively; P = 0.001; Fig, 24).
ers (P = 0.04), and in squamous cell carcinomas compared with Low GnT-V expression was the only significant unfavorable
non-squamous cell carcinomas (P = 0.003) by the x® test (Table ~ prognostic factor (hazard ratio, 2.86; P = 0.002) found in our
1). GnT-V expression was not associated with pTNM classifi- analysis (Table 4A). Squamous cell carcinomas and non-squa-
cations or pStage. Multivariate logistic regression analysis for mous cell carcinomas were analyzed sgparately because histol-
the correlation between GnT-V expression and various charac- ogy was significantly correlated with GnT-V expression in the
teristics showed a significant association between low GnT-V  multivariate logistic regression analysis (Table 2). In 59 patients
expression and squamous cell carcinomas (P = 0,02; Table 2). with pStage I non-squamous cell carcinomas, patients with
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Fig. I Immunohistochemical staining patterns for N-acetylglucosaminyltransferase V (GnT-V) in normal bronchial tissue and non-small cell lung
cancers. Normal bronchial epithelial cells (4) and bronchial gland cells (B) show GnT-V expression. An adenocarcinoma tumor shows high GnT-V
expression diffusely in the cytoplasm (C), and a squamous cell carcinoma tumor shows low GnT-V expression (D). Scale bar = 20 pm.
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Table I Relationship between GnT-Y? expression and clinical and
clinicopathological characteristics in 217 surgically resected NSCLCs

GnT-V expression

Characteristics Low High P
Age (mean = SD)(yrs) 64389 623+95 0.1
Sex
Male 79 66 0.009
Female 25 47
Smoking
Nonsmoker 21 kY 0.04
Smoker 76 68
Smoking {pack-years)
0= x <20 23 43 0.01
=20 74 61
Histology®
Squamous 53 37 0.003
Adenocarcinoma 39 70
Other 11 6
Differentiation
Well 18 33 02
Moderate 33 46
Poor 26 2]
pT classification
1 27 34 0.6
24 7% 79
pN classification
0 67 66 04
1-3 36 47
pM classification
0 101 108 0.5
1 2 5
pStage
1 56 64 0.6
2 9 9
3a k¥ 4
3b 0 1
4 2 5

ated with survival (5-year survival rates, 47% for low GnT-V
expression and 75% for high GnT-V expression; P = 0.2) and
was not a prognostic factor (P = 0.1),

We examined the expression of f1-6 branching asparag-
ine-linked oligosaccharides by L-PHA histochemistry in 10
randomly selected NSCLCs with high GnT-V expression and 10
randomly selected NSCLCs with low GnT-V expression to
determine whether GnT-V expression resulted in the synthesis
of B1-6 branching oligosaccharides (Fig, 3, Table 5). L-PHA
binds with high specificity and affinity to complex-type tri- and
fetra-antennary oligosaccharides, which ¢ontain B1-6 branches

Table 3 Relationship between GnT-V¥ expression and cell
biological charecteristics

GnT-V expression

Characteristics Low High P
Ki-67 (mean * SD) 404 £282 M0 =*261 009
p27%"! (mean = SD) 294 +£238 279237 06
Cyclin E (mean = SD) 387%279 372x208 0.7
GalNAc-T3

Low 64 29 0.0001
High 39 81

“GnT-V, N-acetylglucosaminyltransferase V, NSCLC, non-small
cell lung cancer.

¢ Squameous, squamous cell carcinoma; Other, large cell carcinoma
and adenosquamous cell earcinoma.

Table 2 Multivariate logistic regression analysis for the correlation
between GnT-¥? expression and clinical and
clinicopathological characteristics

Characteristics® Odds ratio P
Gender (male/female) 1.58 0.4
Smoking (smoker/nonsmoker) 1.21 0.7
Histology (squamous/ncnsquamous®) 239 0.02
Differentiation (moderate & poor/well) 0.99 1.0

7 GnT-V, N-acetylglucosaminyltransferase V.

# Selected from Table 1.

¢ Including adenocarcinoma, large cell carcinoma, and adenosqua-
mous cell carcinoma.

tumors having low GnT-V expression survived a significantly
shorter time than patients with tumers having high GnT-V
expression (5-year survival rates, 54% and 89%, respectively;
P = 0.007; Fig. 2B). Low GnT-V expression was the only
significant unfavorable prognostic factor (hazard ratio, 3.02;
P = 0.02) in pStage I non-squamous cell carcinomas that we
found from our analysis (Table 4B). In 44 patients with pStage
1 squamous cell carcinomas, GnT-V expression was not associ-

“GnT-V, N-acetylglucosaminyltransferase V,

A Overall NSCLCs

100+
po4 S
. B0+ L"'x.
§ 70- LL A
Z go- N
s gl mersammanny N
g 2ol s B
304 Az High GnT=V, n=58§, §-yr survival 86%
20 " B:Low GnT-V,n=48, B-yr survival 40%
10- P=0.001
4] v Y Y

O 112 =24 38 48 €0 72 84 @85 108
Survival In months

B Nonsquamous cell carcinomas

100+
90' ‘

B0 Y

704 B A
60- Ll

504 000 T ) DO
40-
301 A : High GnT-V,n <39, §=yr survival 89%

20 B : Low GnT=V,n=20, §-yr survival 54%
104 P =0.007

0

Parcont survival

O 12 24 36 48 60 72 B4 96 108
Survival In months

Fig. 2 Kaplan-Meier survival curves for patients with non-small cell

lung cancers. Survival curves for patients with pStage | tumors are

stratified by low and high N-acetylglucosaminyltransferase V expres-

sion for overall non-small cell lung cancers (n = 103; A) and for

non-squamnous cell carcinomas (# = 59; B).
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Table 4 Cox's proportional hazards mode! analysis of prognostic
factors in patients with pStage I NSCLCs”

A. Overall NSCLCs

Characteristics Hazard ratio  95% CI P
Sex {male/female) 0.63 035-1.16 0.1
Age (=635 yrs/<65 yrs) 0.75 0.43-1.31 03
Chemotherapy 1.24 0.72-2.15 04
Histology (non-squamous®/ 1.34 0.77-2.35 03
squamous)
Differentiation (moderate, 0.8% 0.44-1.30 0.8
poor/well)
pT classification (pT,/pT,) 115 0.66-2.00 06
GnT-V expression (high/low) 2.86 1.45-5.56 0.002
B. Non-squamous cell carcinomas®
Characteristics Hazard ratio = 95% CI P
Sex (male/ferale) 0.72 0.33-1.55 04
Age (=65 yrs/<65 yrs) .70 ¢.32-1.51 0.8
Chemotherapy 1.42 0.63-3.20 04
Differentiation (moderate, 0.96 0.38-243 09
poorfwell)
pT classification (pT,/pT)) 1.33 0.61-2.87 05
GnT-V expression (high/low) 3.02 1.19-769 0.02

“NSCLC, non-small cetl lung cancer; CI, confidence interval;
GnT-V, N-acetylglucosaminyltransferase V.

¢ Including adenocarcinoma, large cell carcinoma, and adenosqua-
mous cell carcinoma.

(24). Hence, L-PHA has been used as areliable reagent to detect
f1-6 branching oligosaccharides by histochemistry (13, 25).
Among the 10 tumors with high GnT-V expression, 6 tumors
had high L-PHA staining, and 2 tumors had moderate L-PHA
staining. Among the 10 tumors with low GnT-V expression, 6
tumors had low L-PHA staining, and 2 tumors had moderate
L-PHA staining.

DISCUSSION

In the present study, we demonstrate that GnT-V expres-
sion is decreased or lost in about half of NSCLCs, although
GnT-V is expressed in bronchial epithelial cells, bronchial gland
cells, and alveolar pneumocytes. Histology was significantly
correlated with GnT-V expression; low GnT-V expression was
more frequently found in squamous cell carcinomas than in
non-squamous cell carcinomas. Furthermore, low GnT-V ex-
pression was associated with a shorter survival period and was
an unfavorable prognostic factor in pStage [ resected non-
squamous cell carcinomas.

GnT-V expression is not equal to the expression of B1-6
branching asparagine-linked oligosaccharides analyzed by L-
PHA histochemistry, because (a) GnT-V has been shown 1o
have a function as an inducer of angiogenesis (26) that is a
completely different function from the original function of gly-
cosyltransferase, and (5) GnT-V expression does not necessarily
result in the synthesis of BI-6 branching oligosaccharides,
depending on the cel] and tissue types {data not shown). There-
fore, we analyzed the relationship between GnT-V expression
and L-PHA staining in selected specimens of NSCLCs. As a

result, in 8 of 10 tumors with high GnT-V expression, there was
high or moderate L-PHA stzining, indicating the synthesis of
$1-6 branching oligosaccharides.

Interestingly, in this study, only | of 8§ goblet cell-type
adenocarcinomas (27) had high GnT-V expression (data not
shown), although 70 of 109 overall adenocarcinomas had high
GnT-V expression (Table 1). Goblet cell-type adenocarcinoma
is supposed to be an independent subtype that is distinct from
other cell types of adenocarcinoma with respect to molecular
biological and immunchistochemical features (28, 29). Normal
bronchial goblet cells are negative for B1-6 branching oligo-
saccharides synthesized by GnT-V (15). Collectively, these
findings suggest cell type-specific and developmentally regu-
lated modes of GnT-V expression. When the eight goblet cell-
type adenocarcinomas were excluded from the analysis, Ki-67
LI was significantly lower in tumors with high GnT-V expres-
sion than in tumors with low GnT-V expression (mean * SD,
34.0 £ 26.1 and 41.7 * 28.4, respectively; P = 0.04). This
finding of low KI-67 LI in tumors with high GnT-V expression
is consistent with that in hepatoma (30),

Li et al (15) reported expression of B1-6 branching,
asparagine-linked oligosaccharides, which are products of
GnT-V, in almost all postmitotic, fully differentiated epithelial
cell types of normal human and rat tissues, including bronchial
epithelial cells and alveolar pneumocytes. Exceptions were the
epithelia of the colon, esophagus, and resting mammary gland,
which showed no expression of B1-6 branching oligosaccha-
rides. Increased GnT-V activity and B1-6 branching oligosac-
charides were found in human colon and breast cancers, as
compared with the respective normal epithelium (12, 31). In
cancers derived from these epithelia and experimental tumors,
GnT-V expression has been shown to be linked to malignant
transformation, invasion, and metastatic potential (25, 31-38),
as well as unfavorable prognosis of patients bearing tumors (14,
27). In these tumors, glycoproteins, such as integrins (34, 39),
lysosomal-associated membrane protein 2 (34, 36), and
matriptase (40), have been shown to be target glycoproteins that
are glycosylated by GnT-V.

However, in NSCLCs, which derive from bronchial and
alveolar epithelia that normally express GaT.V, GnT-V expres-
sion was associated with favorable prognosis in this study. The
biological importance of GnT-V expression for maintaining
physiological function, as well as for the development and
progression of cancer, may be different in each organ and tissue,
depending on the biological function of target substrate glyco-
proteins, which can vary among organs and tissues. GnT-V
expression is regulated in a tissue-specific manner (16), and
certain cancer-associated loss or gain in glycosylation by
GnT-V may contribute directly to cellular transformation (34).
Decreased (low) expression of GnT-V may centribute to altered
biological properties of NSCLCs by decreased synthesis of
B1-6 branching oligosaccharides of certain target glycopro-
teins, resulting in a shorter survival of patients having tumors
with Jow GnT-V expression compared with those having tumors
with high GnT-V expression. The target glycoproteins of
GnT-V in the lung and bronchus remain to be determined.

In conclusion, decreased GnT-V expression is found in

“about half of NSCLCs in association with the histology and is

associated with an unfavorable clinical outcome in pStage I
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Fig. 3 Immunohistochemical staining patterns for N-acetylglucosaminyltransferase V (GnT-V; A and C) and staining patterns for leukoagglutinating
phytchemagglutinin (L.-PHA, B and D) in non-small cell lung cancers. The staining pattern of a tumor with high GnT-V expression and high L-PHA
staining is shown in 4 and B. Staining for & tumor with low GnT-V expression and low L.PHA staining is shown in C and D. GnT-V expression is
found as Golgi localization in the cytoplasm of tumor cells (4). L-PHA-reactive glycocenjugates are found diffusely in the tumor cells (8). GnT-V
expression is not found in most of the tumor cells (C), and L-PHA-reactive glycoconjugates are not found in most of the tumor cells (D). Scale bar =

20 pm.

overall NSCLCs and non-squamous cell carcinomas, GnT-V
expression may have great value in stratification of patients
with pStage | tumors into groups at high and low risks of

recurrence in NSCLCs (especially in non-squamous cell car- -

cinomas) and thus in selecting patients who will benefit from
adjuvant therapy.

Table 5 Relationship between GnT-V? expression and L-PHA
staining in NSCLCs

L-PHA staining

GnT-V
expression Low Moderate High P
Low 6 2 2 01
High 2 2 6

7 GnT-V, N-acetylglucosaminyltransferase V; NSCLC, non-small
cell lung cancer, L-PHA, leukoagglutinating phytchemagglutinin,
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ABSTRACT

Purpose: B7-H1/PD-L1 (B7-H1) and B7-DC/PD-L2 (B7-
DC) are ligands for the receptor PD-1, which is known to
negatively regulate T-cell activation. In the present study,
we investigated the expression of B7-H1 and B7-DC in tu-
mor specimens of non-small ¢ell lung cancer and their rela-
tionships with clinicopathological variables and postopera-
tive survival. Furthermore, we examined the correlation
between B7-H1 expression on tumer cells and the number of
tumor-infiltrating lymphocytes (TILs} or PD-1 expression
on TILs.

Experimental Design: The expression of B7-H1 and
B7-DC in 52 surgically resected specimens of non-small cell
lung cancer was evaluated immunohistochemically.

Results: Expression of B7-H1 and B7-DC was focally
observed in all non-small cell lung cancer tumor specimens.
No relationship was found between the expression of B7-H1
or B7-DC and clinicopathological variables or postoperative
survival. However, in the same sections evaluated, signifi-

cantly fewer TILs were identified in B7-H1-positive tumor-

regions than in B7-H1-negative tumor regions in a subset of
five patients (P = 0.01}, Moreover, the percentage of TILs
expressing PD-1 was significantly lower in B7-HI-positive
tumor regions than in B7-H1-negative tumer regions (P =
0.62).

Conclusions: The expression of B7-H1 on tumor cells in
local areas reciprocally correlated with the number of TILs,
and this may contribute to negative regulation in antitumor
immune responses in non-small cell lung cancer.
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INTRODUCTION

Lung cancer is one of the most common fatal malignancies,
and the incidence of this type of cancer Is increasing worldwide.
Platinum-based chemotherapy and radiation have low efficacy
against lung cancer due to frequent recurrence and metastasis of
the neoplasm; the overall 5-year survival rate after diagnosis
remains at 10-15% (1). To improve the poor prognosis of lung
cancer patients, studies of new therapeutic strategies including
immunotherapy are in progress.

Effective protective immunity against cancer depends on
the concordant activity of CTLs (2). T-cell activation is the
result of a balance between positive and negative signals. CD28
and ICOS are positive costimulatory receptors interacting with
the ligands of the B7 family on professional antigen-presenting
cells and are essential for activation and proliferation of antigen-
specific T cells (3). In contrast, negative signals through cell
surface molecules such as CTLA-4, CD95, CD35, CD31, LAIR,
Ly49A, and NKG2A inhibit T-cell activation or induce apopto-
sis (4).

B7-H1/PD-L1 (B7-H1) and B7-DC/PD-L2 (B7-DC) are
members of the B7 superfamily (5, 6), B7-H1 and B7-DC share
40% amino acid homology and are more homologous to each
other than to other ligands of the B7 family (7). These B7 family
members have been shown to down-regulate T-cell activation
through receptor PD-1 (6, 8, 9). Cross-linking of PD-1 by
B7-H1 or B7-DC results in decreased interferon -y, interlenkin
(IL)-10, IL-4, and IL-2 secretion (6, 8). Thus, on T-cell receptor
activation, B7-H1 or B7-DC leads to diminished immune re-
sponses, and the two molecules may have overlapping func-
tions,

PD-1, which has been identified as a receptor for B7-HI1
and B7-DC, belongs to the CD28/CTLA-4 subfamily of the
immunoglobulin superfamily and contains tyrosines in 1TIM-
like motifs that may recruit phosphatases, similar to other neg-
ative regulators (7, 10). PD-17" mice display a variety of
autoimmune diseases, demonstrating the role of PD-1 as a
negative regulator of the immune responsg (10, 11).

B7-H1 and B7-DC are more broadly expressed than the
other B7 superfamily members, Initial studies documented the
expression of B7-H1 and B7-DC in mRNA in nonlymphoid
organs as well as lymphoid organs (5, 6, 8), Recent studies at the
protein level have revealed that B7-H1 is expressed on the
endothelium in the thymus, heart, and placenta in both humans
and mice (12-14} in addition to lymphoid cells, such as acti-
vated T cells, B cells, macrophages, and dendritic cells, B7-DC
protein is also expressed in the thymus, placenta and heart in
humans and in the thymus in mice (12, 14), However, B7-DC
expression is more restricted on professional antigen-presenting
cells, such as activated monocytes and dendritic cells (5, 6, 8).
On the other hand, PD-1 protein is expressed on double-positive
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and -negative thymacytes, activated T and B cells, and myeloid
cells (9, 10, 14, 15).

B7-H1 is also abundant on tumor cell lines and tumor
tissues, including lung carcinomas, ovarian carcinomas, breast
carcinomas, glioblastoma, and squamous cell carcinoma of the
head and neck (12, 13, 16, 17). Although B7-DC expression has
been noted in several murine tumor cell lines (6), little is known
about human B7-DC expression in tumer tissue. Cancer cells
expressing B7-H1 have been shown to increase apoptosis of
antigen-specific human T-cell clones (13) and to inhibit CD4*
and CD8% T-cell activation in vitre (16). In addition, mice
succumb to tumors transfected with B7-H1 even afler adoptive
T-cell immunotherapy, whereas bleckade of PD-1/B7-H1 inhib-
its tumorigenesis in vivo (17, 18). However, the functional roles
of tumor-related B7-HI and association of PD-1 with B7-H1
have not been analyzed previously in human tumor tissue.

In the present study, using immunochistochemistry, we in-
vestigated the extent of B7-H1 and B7-DC expression in tumor
specimens of non-small cell lung cancer, and we analyzed the
relationship between their expression and clinicopathological
variables or postoperative survival, Furthermore, we also exam-
ined the association between B7-H1 expression on tumor cells
and PD-1 expression on tumor-infiltrating lymphocytes (TILs),

PATIENTS AND METHODS

Tumor Specimens and Survival Data, Primary tumor
specimens were obtained by surgery from 52 non-small cell
lung cancer patients (35 men and 17 women; mean age at
diagnosis, 66.4 years) at Hokkaido University Medical Hospital,
Japan, between 1997 and 2003. Surgically resected specimens
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Fig. ] Representative immu-
nohistochemical staining in
non-smal! cell lung cancer. B7-
Hl-positive case of non-small
cell lung cancer (4 and C) and
B7-DC-positive case of non-
small cell lung cancer (B and
D) in a focal pattern (4 and B)
and a scattered pattern (C and
D). Scale bar, 100 wm.
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were fixed in formalin and embedded in paraffin for routine
histopathological diagnosis and embedded in OCT compound
(Miles Laboratories, Elkhart, IN} and snap frozen in liquid
nitrogen for immunohistochemical analysis. The surgically re-
sected specimens included 31 adenocarcinomas and 21 squa-
mous cell carcinomas, based on World Health Organization
criteria of histopathological classification (19). The tumors were
classified as stage I (» = 35), stage Il (n = 11), stage Il (n =
5), and stage IV (» = 1) tumors based on the American Joint
Committee on Cancer guidelines for postsurgical tumor-node-
Inetastasis (20). No patient underwent radiation or chemother-
apy before surgery. Sutvival of the 52 non-small cell lung
cancer patients was analyzed for patients who met the following
criteria: (@) survived for >3 months after surgery; and () did
not die of any cause other than lung cancer after surgery. Two
patients who did not meet the above-mentioned criteria were
excluded from the survival analysis; one died within 3 months
after surgery, and the other patient died due to a cause other than
lung cancer,

Immunohistochemistry. First, 4-8-um sections of the
specimens were air-dried for 10 min and then fixed in acetone
for 10 min. Endogenous peroxidase activity was blocked by
0.3% hydrogen peroxidase in PBS for 30 min, Sections were
then washed three times in PBS, After blocking nonspecific
binding with serum (Vectastain ABC kits; Vector Laboratories,
Burlingame, CA) for 20 min, sections were incubated with the
primary antibodies in a humid chamber at 4°C overnight. Anti-
B7-H1 (MIHI), anti-B7-DC (MIH14), and anti-PD-1 (MIH4)
antibodies {diluted 1:200; Ref. 21) and anti-CD45 antibody
(UCHL-1; DAKOQ, Carpinteria, CA; diluted 1;100) were used as
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the primary antibodies. After three washes with PBS, sections
were incubated with biotinylated secondary antibodies for 30
min, washed three times in PBS, and incubated with streptavi-
din-conjugated peroxidase for 30 min. Afier three additional
washes in PBS, 3,3'-dlaminobenzidine tetrahydrochloride was
applied, and sections were then counterstained with hematoxy-
lin. The entire procedure, with the exception of incubation with
primary antibodies, proceeded at room temperature. Nonimmu-
nized mouse IgG for B7-H], B7-DC, and PD-1 was substituted
for the primary antibody in the negative controls.

Cell Counting. B7-H1 and B7-DC expression was de-
fined as the percentage of tumor cells displaying immunoreac-
tivity in the cytoplasm or on the membrane and caleulated by
counting the number of B7-H1- and B7-DC-stained tumor cells
among 1000 tumor cells in each section. One or two represent-
ative tissue sections were taken from each tumor, and whole
areas were surveyed microscopically at X100 magnification,
Cell counts were performed at X400 in at least five fields in
randomly selected tumeor areas.

To examine whether B7-H! expression was associated
with infiltration of TILs and PD-1 expression of TILs, we
quantified the infiltration of CD45™ cells and PD-1 expression
of these cells in PD-L1-positive and -negative non-small cell
lung cancer tumor regions, as described previously (22). First,
B7-Hl-positive and B7-HI-negative areas were located on a
B7-Hl-stained tumor section. Consecutive slides from the same
tumor, stained for either CD45 or PD-1, were superimposed on
the B7-H1-stained slide. Using histological landmarks, the cor-
responding B7-H1-positive and B7-H1-negative areas were lo-
cated on these slides. The B7-H1-stained section was removed,
and a second investigator, who had no prior knowledge of the
local status of B7-H1, counted the number of CD45* cells per
1000 total nuclei or the number of PD-1" CD45™ cells per 500
total CD45* cells. All of the counting was done in a blinded
fashion; the observers (J. K. and K. Y.) were not informed of the
outcome of the patients or the results of other observers. For
analysis of relationships with clinicopathological variables or
survival time, patients were divided into two groups using the
median number of B7-H1-positive cells or B7-DC-pos:t|ve cells
as the distinguishing factor,

Statistical Analysis, The association between the num-
ber of immunoreactive cells and clinicopathological variables
was analyzed statistically using Student’s paired ¢ test, Wilcox-
on’s rank-sum test, or the x* test, as appropriate, using Statview
software version 4.5 (SAS Institute). The correlation between
the percentage of B7-HY and B7-DC was analyzed statistically
using Spearman’s rank correlation. The survival curves were
estimated by the Kaplan-Meier method. Values of P < 0.05
were considered to indicate statistical significance, and all tests
were two-tailed,

RESULTS

B7-H1 and B7.DC Expression on Tumor Cells,
Among all 52 surgically resected specimens of non-small cell
lung cancer without preoperative therapy, the expression of
B7-HI and B7-DC was demonstrated in the cel! membrane,
cytoplasm, or both, in a focal or scattered pattern (Fig. 1). The
percentage of B7-HI-positive cells in non-small cell lung cancer

was 27.2 * 4.7% (mean * SD; median, 11.2%), whereas the
percentage of B7-DC-positive cells was 11.4 = 2.6% (mean +
SD; median, 7.9%). The percentage of B7-Hl-positive cells in
adenocarcinoma was larger (mean * SD, 27.6 * 33.2%; me-
dian, 12.1%) than that in squamous cell carcinoma (mean * SD,
26.5 x 35.2%; median, 7.9%). On the other hand, the percent-
age of B7-DC in squamous cell carcinoma was higher (mean *
8D, 13.1 * 19.4%; median, 10.5%%) than that in adenocarcinoma
(mean * SD, 10.6 * 18.5%; median, 7.5%). There was a
statistically significant correlation between the percentage of
B7-Hl-positive cells and that of B7-DCspositive cells in both
adenocarcinoma (R? = 0.23; y = 0.266x + 3.267; P < 0.0];
Fig. 24) and squamous cell carcinoma (R* = 0.53;y = 0.397x
+ 2.01; P < 0.01; Fig. 2B). However, concomitant expression
of B7-H1 and B7-DC was rarely observed on the same tumor
cells (Fig. 3).

Next, we divided the 52 non-small cell lung cancer patients
who had resected tumors into two groups to analyze correlation
between B7-H1 or B7-DC expression and clinicopathological
variables, using the median number of the percentages of B7-
H1i-positive cells and B7-DC-positive cells as the distinguishing
factor. Tables 1 and 2 show the relationships between expres-
sion of either protein and clinicopathological variables. No
correlation was observed between B7-H1 or B7-DC expression
and either age, sex, smoking habit, histology, differentiation, pT
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Fig. 2 Relationship between B7-H1 and B7-DC in adenocarcinoma (4)
and squamous cell carcinoma (B).
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immune effector cell infiltration within tumors, we counted and
compared the TILs in B7-H1- or B7-DC-positive and -negative
tumor regions on the same sections. Of all non-small cell lung
cancers examined, only five contained separate B7-H1-positive
and -negative tumor regions in the same sections. Because the
other samples had B7-Hl-positive and -negative tumor cells
mixed together in the same tumor nests throughout the sections
and B7-H1-positive and -negative tumor regions were not sep-
arated, no comparison was possible (Fig. 1C). On the other
hand, all non-small cell lung cancer samples had B7-DC-posi-
tive and -negative tumor cells mixed together in the same tumor
nests throughout the sections, and the association between
B7-DC expression on non-small cell lung cancers and immune
effector cell infiltration within tumors also could not be ana-
lyzed (Fig. 1D). In the five sections that were suitable for
analysis, the amount of TIL infiltration was significantly re-
duced in B7-H1-expressing tumor regions (Fig. 4). B7-H1 ex-
pression was associated with a statistically significant (on aver-
age, 2.5X reduction) in TILs in B7-H1-positive tumor regions
compared with B7-HI-negative tumor regions within the same
sections (22.6 = 13% and 51.5 x 14.1%, respectively; P =
0.01; Table 3). On the other hand, there were no histological or
clinicopathological differences compared with the rest of tis-
sues. The percentage of B7-DC-positive cells in these five

Table I Correlation between B7-H1 expression on tumor cells and
the clinicopathological characteristics of the 52 non-small cell
lung cancers

" B7-H1* expression on

tumor cells
Low High
\ (<11%) (=11%) P
B7-DC {B) on the same non-small cell lung cancer sections. Scale bar, -
100 pm Patients 26 ‘ 26
’ Age (mean * 8D) 649 £ 1.7 68 =21 0.28*
{yrs)
Sex
Male 20 15 0.14%
classification, pN classification, or pStage classification. Among Female 6 n
the 50 non-small cell lung cancer patients with potentially S",’Sc::g:irhab“s 8 19 NSt
resected tumors, no relationship was found between B7-H1 or Nonsmoker 8 7
B7-DC expression and patient survival [5-year survival rates: Histology
59% in those with B7-H1-positive non-small cell lung cancer sCC . 14 17 0.4%
and 48% in those with B7-H1-negative non-small cell lung D,?fd’:“‘:?i{c'mma 12 b
cancer (P = (.89); 53% in those with B7-DC-positive non-small '“zﬁn tation 10 5 0.13¢
cell lung cancer and 50% in those with B7-DC-negative non- Moderate/poor 16 21
small cell lung cancer (P = 0.43)]. Although the survival of 10 pT classifications
patients with higher expression of B7-H1 or B7-DC was com- T, 13 6 0.54%
pared with 10 corresponding patients with no expression of Tow § 20
. . . .. pN classifications
either relevant molecule, no significant differences in either N, 16 15 0.78%
analysis were observed. Niaa 10 11
Decreased Infiltration of TILs with Decreased PD-1 pStage classifications
Expression in B7-H1-Expressing Tumor Regions. All non- {I v ;g :3 0.78¢
small cell lung cancers contained infiltrates of cells that were CD4_S* cellst 478 + 32 428+31 027

immunohistochemically positive for CD435 (leukocyte common
. . . o1 Abbreviations: NS, nonsignificant; SCC, squamous cell carcinoma.
antigen) and almost exclusively of lymphoid morphology, indi- * Student’s paired ¢ fest

cating that they were TILs (Fig. 4). To evaluate whether B7-H1 1 ° test.
or B7-DC expression on non-small cell lung cancers limited 1 Percentage of CD45-positive cells per 1000 total nuclei.
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Table 2 Correlation between B7-DC expression on tumor cells and
the clinicopathological characteristics of the 52 non-small cell
lung cancers

B7-DC* expression on

tumor cells
Low High
(<8%) (=8%) P
Patients 26 26
Age (mean * SD) (yrs) 66.0 * 1.6 66.9 £23 0.73*
Sex
Male 18 17 0.77¢
Female g 9
Smoking habits
Smoker 16 22 0.06t
Nonsmoker 10 4
Histology
scC 9 12 0.06¢
Adenocarcinoma 17 14
Differentiation
Well 9 6 0.36¢
Moderate/poor 17 20
pT classifications
T, 7 7 NSt _ sane
Tos 19 19 : T A mﬁ*! 5 .«;‘@E)‘g
N classifications 55 > o o B W ) S TR A o e
P N, 17 14 0.4% Voo ST T i Y ..ﬁ&iﬁf}&.-' s
N3 o 2 12 Fig. 4 Representative immunohistochemical staining in B7-H1-posi-
pStage classifications tive tumor regions (4) and B7-Hl-negative tumor regions (B) on the
! 14 11 0.4t same non-small cell Jung cancer sections. On consecutive tumor sec-
I-1vy 12 15 tions, TILs were identified by CD45 staining (C and D), and PD-1
CD45™ cells} 41832 488+30 O.I11* expression was identified immunohistochemically (£ and F). A low

Abbreviations; SCC, squamous cell carcinoma; NS, nonsignificant,
* Student’s paired { test.

T %2 test.

I Percentage of CD45-positive cells per 1000 total nuclei.

sections was 15 * 3.5% (mean, 12.5%), and there was no
difference compared with that in the rest of tissues (P = 0.65).

Moreover, we analyzed the expression of PD-1, one of the
receptors of B7-H1, on TILs in B7-H1-positive tumor regions
and in B7-Hl-negative regions. A statistically significant (on
average, 3-fold) decrease in PD-1-positive CD45-positive TILs
was observed in B7-H1-positive tumor regions compared with
B7-Hl-negative tumor regions (7.1 % 4.5% and 20.2 * 9.0%,
respectively; P = 0.02; Table 3).

proportion of TILs in B7-H1-positive tumor regions is shown in C. A
high proportion of TILs in B7-H1-negative tumar regions is shown in D.
Expression of PD-1 is lower on TILs in B7-H!-positive tumor regions
(E} compared with that on TILs in B7-H1-negative tumor regions {F).
Scale bar, 100 pm,

DISCUSSION

We have demonstrated the expression of B7-H! and
B7-DC in surgically resected specimens of non-small ¢ell lung
cancer, and we have demonstrated that the expression of these
molecules is found in both the plasma membrane and cytoplasm
of cancer cells. The expression patterns of these molecules were
consistent with previous reports, which examined their expres-
sion in human tumor tissue (12, 13, 16, 17). The present study

Table 3 The percentage of CD45™ cells and the expression of PD-1 on CD45™ cells in B7-H1-positive and B7-H1-negative tumor regions

CD45* cells* PD-1*/CD45* cellst

Tumor Age Histology B7-Hl-positive B7-Hl-negative B7-Hl-positive B7-HI-negative
specimen (yrs) Sex (differentiation) region region region region
1 73 F Ad(W) 234 433 11 28
2 53 F Ad{M) 322 529 7.2 9.8
3 60 M Ad(M) 112 428 22 16
4 79 F Sq(W) 382 42.9 12 15
5 Ly} M Ad(W) 8.1 75.5 238 31
Mean = 8D : 226 =13 515 = 14.1 71245 202 =90
P =001} P =002f

Abbreviations; Ad, adenocarcinoma; Sq, squamous cell carcinoma; W, well differentiated; M, moderately differentiated.

* Percentage of CD45™ cells per 1000 total nuclei counted within a B7-H1-positive tumor region/B7-H1 tumor-negative region.
t Percentage of PD-1" cells per CD45™ cells counted within a B7-HI-positive tumor region/B7-H1-negative tumer region.

1 Wilcoxon's rank-sum test (B7-H1-positive tumor region versus B7-Hl-negative tumor region),
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also examined the relationship between the expression of B7-H1
or B7-DC and clinicopathological variables or prognosis of
patients, but no statistically significant relationship was found.
We also examined expression of B7h, which is a ligand for
ICOS, but no obvious expression in surgically resected speci-
mens of non-small cell lung cancer was noted (data not shown).
Expression of two other B7 family members, B7.1 and B7.2, is
undetectable or low in most tumor cells (23-25). Thus, expres-
sion of B7 family members differs among tumor tissues.

Tumor cells evade host immune surveillance by several
strategies. These include down-regulation of cell surface major
histocompatibility complex class I molecules (24, 26), secretion
of immunosuppressive factors [e.g., transforming growth factor
B and TL-10 (27, 28)), lack of T-cell costimulation (24, 25, 29),
and expression of death ligands or negative ligands (30, 31).
Recently, B7-H1 has been shown to be involved in negative
regulation of immune responses through the PD-1 receptor on
activated T and B cells (8, 9) and has been thought to be a
candidate strategy by which cancer cells evade host immune
surveillance. The present study is the first to demonstrate in
human tumer tissue that the number of TILs in B7-H1-positive
tumor regions is significantly lower than that in B7-H1-negative
tumor regions and, more importantly, that the number of PD-1-
positive TILs in B7-Hl-positive regions is significantly lower
than that in B7-H1-negative regions. These findings suggest that
B7-H1 on tumor cells might contribute to negative regulation
against TILs in non-small cell lung cancer. B7-H1 expression on
tumor cells may inhibit infiltration of PD-1-expressing TILs or
cause down-regulation and apoptosis of infiltrated PD-1-
expressing TILs.

The mechanisms regulating B7-H1 expression on tumor
cells are not known. Inflammatory mediators are implicated by
up-regulation of B7-H1 expression on the surface of several
tumor cell lines after exposure to interferon 4 (13, 16). More-
over, B7-H1 expression is more frequent in freshly isolated
cancer tissue specimens than in cultured tumor cell lines (13),
and the expression of B7-H1 on tumor-related dendritic cells
may be up-regulated by tumor environmental factors (IL-10 or
vascular endothelial growth factor) of ovarian cancer (32).
These observations suggest that the cytoking microenvironment
induces the expression of B7-HI1 on tumor cells, On the other
hand, T cells or natural killer cells that infiltrate tumor tissue
secrete many cytokines, including interferon 4. Therefore, one
possible scenario is that TILs secrete interferon vy in the begin-
ning, followed by up-regulation of B7-I11 on tumor cells; there-
after, the up-regulated B7-H1 on tumor cells induces T-cell
apoptosis via PD-1. Although the duration of B7-H1 expression
an tumor cells after B7-H1 up-regulation is unclear, immuno-
histochemical staining might elucidate one step in these sequen-
tial events,

On the other hand, B7-H1 expression was absent in several
cases in the present study, although TILs existed in most of
these cases. This absence is most likely due to original tumor
features. This finding is supported by a previous study, in which
B7-H1 expression in several tumor cells was not detected even
after exposure to interferon v (17).

In contrast to the negative regulatory functions of B7-H1
and B7-DC against T-cell activation, positive costimulatory
functions of B7-H1 and B7-DC in T-cell proliferation and

cytokine production have been reported recently, and the func-
tions of these molecules remain controversial. Dong et al. (5)
reported that B7-H1 costimulated proliferative responses of T
cells and induced IL-10 production on polyclonal T-cell stimuli
and allogeneic antigens via IL-2-dependent process. Tseng et al.
(33) reported that B7-DC costimulated T-cell proliferative re-
sponses and interferon y production to greater levels than B7.1.
Unlike B7-Hl-expressing tumor cells, in one study, B7-DC-
transfected tumor cells increased the number of antigen-specific
T cells and were rapidly rejected in vivo by a PD-1-independent
mechanism (34). Additional studies are needed to resolve the
precise mechanisms by which B7-H1 and B7-DC affect tumor
immunity. Moreover, it has been reported recently (13, 16) that
tumor-associated B7-H1 negatively regulates T-cell activation
through receptors that remain unidentified, with the exception of
PD-1. Additional studies related to tumor-associated B7-H1 and
its receptor in non-small cell lung cancer are also required.

In conclusion, we have demonstrated the expression of
B7-H1 and B7-DC in surgically resected specimens of non-
small cell lung cancer. Moreover, the number of TILs and PD-1
expression on TILs in B7-H1-positive tumor regions were sig-
nificantly lower than that in negative regions. These results
suggest that the expression of B7-H1 on tumor cells might
contribute to negative regulatory immune responses against
TILs in non-small cell lung cancer, Recently, it has been re-
ported that B7-H1 blockade improves antitumor immunity and
represents one approach for cancer immunotherapy (13, 17, 18,
32). The blockade of B7-H1 in non-small cell lung cancer might
be one strategy to pursue for future immunotherapy in non-small
cell lung cancer.
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