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Prediction of Postoperative Pulmonary Function
After Pneumonectomy for Lung Cancer

Motoaki Yasukawal; Katsuhiro Nakagawal; Masahiro Sakaguchil;
Teruo hwasakil; Naoko Sasakil

ABSTRACT — Objective. Patients undergone pneumonectomy for lung cancer were divided into two groups ac-
cording to the presence or absence of preoperative respiratory c_omplications, and discordances between predicted res-
piratory functions and actual values are examined for each group. Methads. Of the 133 cases with pneumonectomy for
lung cancer carried out at our hospital in the period from 1990 to 2001,33 were selected as study subjects, among which
no incidence of postoperative complications was observed and m whom respiratory function tests could be performed 3
to 6 months after the surgical treatment. Prior to the operatlon predxcted values of forced vital capacity (FVC) and
forced expiratory volume in 1 second (FEV0a) were caleuated using blood flow scintigrams, and actual values of FVC
and FEV10 were determined postoperatively using spirometry. The subjects were divided into two groups with or with-
out preoperative respiratory disease complications, and predicted énd actual functional persistehce rates were com-
pared by Student’s paired t-test for each group. Results. There were 21 cases of preoperative respiratory disease com-
phcatmns In the group without any respiratory disease complications, there were no statistically significant differences
m either FVC and FEV1.0 between predicted and actual values. However, in the respiratory disease complication group,
there were statistically significant differences between predicted and actual values in FVC (p<0.001) and FEV1o (p=
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0.0486), the actual functional persistence rates being significantly lower than the predicted values for both parameters.
Conclusion. In cases of preoperative respiratory disease complications, actual postoperative respiratory functions
might decline to a lower than predicted level, which requires cautions. (JILC. 2004;44:633-687)

KEY WORDS —— Lung cancer, Predicted postoperative pulmonary function, Lung perfusion scanning
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Table 1. Patient Characteristics

No respiratory  Respiratory

disease disease P values

No 12 21
Age 56.7 £ 11.2 60.7 = 4.1 0.372
Turaor size [mm) 41,3 £ 252 57.0 = 154 0,149
Sex (M/F) 12/0 20/1 0.773
Brinlkman index 923 + 421 1172 * 656 0.209
Side (LvRt) 4 15/6 0914
His {Ad/Sq) /7 813 0.866
Stage I A 0 0 0.310

IB 2 1

TA 0 0

IB 4 2

I A 3 14

mBe 3 4
FVC (1) 3.79 = 0.74 3.24 = 0.71 0.038
%EVC (%) 108.8 + 16.8 96.1 = 16.1 0.040
FEVis (1) 280 £ 051 223 £ 047 0.002
FEV.o% (%) 75.6 £ 8.5 70.0 £ 9.2 0.007

- No: Number of cases; Lt: Left; Rt: Right; Ad: Adenccarcinoma;
Sq: Squamous cell carcinoma

* MY —TFVC & FEVLo &R L, #aTELLEELL
H I MRS (= W IR ERE/AATRIME) 2 F M L.
paired ¢ test {Z & § TUBF [ DB EIT o 7.

B R

CHE NEREICHESH, R HARR, &TE EL5L
G4, Brinkman index \H B IXED 2o 72, HHT
FVC B XU FEVI0 KBV T NEMXEBRICATFTHo 2
(Table 1).

CHENBEAMIICATRIAD FVC, FEVio T HHER
L7, NBEO NG CHEEMNEFEE N W ET R
TR (X) & oMz Y=0.9225X - 0.0007 (n = 12, y=0.9954,
p<0.001) DABRS £ 2 72, FHUMI FEVLe TH Y =0.0972
X-0.0006{n=12, y=0.9987, p§o.001) Lzl e REx il
Wi (Figure 1).

C B FVC THHBEMIBEE (v) LHBTFHURFTS
(x) £ OEIZIX y=0.8622x+0.0113 (n=21, y=0.9881,
p<0.001); FEVio P L Tiy=0.8998x+0.0201 (n=
21, y=0.0603, p<0.001) DAMMHRLED L (Figure
9). MPRBESOFELE LY, FHIFEFELENRE
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Figure 1. Correlation between predicted and actual postoperative residual rate of FVC and FEVio
in patients without pulmonary parenchymal disease, A: FVC, B: FEV1q
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Figure 2. Correlation 5etween predicted and actual postoperative residual rate of FVC and
FEVwo in patients with pulmonary parenchymal disease. A: FVC, B: FEViq
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A, 4A).

CE @ FVC T FiFRTF %44 0.6735 £0.3828, FEMIFE

TFEE 1205920+ 0.3341 T T 1E o> [4] @ p 8 12 <0.001,
FEVwo TIZFHIFRTFERE 306735+ 0.3828, EHIFETE=t
0.6261+0.3554 Tp £ 0.0486 L +h FiILEN R
MFRFRTFE L O A FA{RME 2 R L /> (Figure 3B, 4B).
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fE %R L7,
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Figure 3. Student’s ¢ test result of predicted and
actual postoperative residual rate of FVC in patients
without and with pulmonary parenchymal disease. A:
no respiratory disease, B: respiratory disease
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Figure 4, Student's ¢ test result of predicted and
actual postoperative residual rate of FEVio in pa-
tients without and with pulmonary parenchymal
disease. A: no respiratory disease, B: respiratory
disease
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Prognostic Model of Pulmonary Adenocarcinoma by
Expression Profiling of Eight Genes As Determined by
Quantitative Real-Time Reverse Transcriptase

Polymerase Chain Reaction

Hideki Endoh, Shuta Tomida, Yasushi Yatabe, Hiroyuki Konishi, Hirotaka Osada, Kohei Tajima,
Hiroyuki Kuwano, Takashi Takahashi, and Tetsuya Mitsudomi

N ' A B S TR ATCT
Purpose .
Recently, several expression-profiling experiments have shown that adenocarcinoma can be classified
into subgroups that also reflect patient survival. In this study, we examined the expression patterns of

44 genes selected by these studies to test whether their expression patterns were relevant to prognosis
in our cohort as well, and to create a prognostic model applicable to clinical practice.

Patients and Methods
Expression levels were determined in 85 adenocarcinoma patients by guantitative reverse transcriptase

polymerase ¢hain reaction. Cluster analysis was performed, and a prognostic model was created by the
proportional hazards model using a stepwise method.

Results

Hierarchical clustering divided the cases into three major groups, and group B, comprising 21 cases, had
significantly poor survival {F = .0297). Next, we tried to identify a smaller number of genes of particular
predictive value, and eight genes (PTK7, CIT, SCNN1A, PGES, EROTL, ZWINT, and two ESTs) were
selected. We then calculated a risk index that was defined as a linear combination of gene expression
values weighted by their estimated regressicn coefficients. The risk index was a significant independent
prognestic factor (P = .0021) by multivariate analysis. Furthermore, the robustness of this model was
confirmed using an independent set of 21 patients {P = .0085).

Canclusion
By analyzing a reasonably small number of genes, patients with adenccarcinoma could be stratified according
to their prognesis. The prognostic model could be apglicable to future decisicns concerning treatment.

J Clin Oncol 22.811-819. @ 2004 by American Society of Clinical Oncology

carcinoma, squamous cell carcinoma, and
large-cell carcinoma [2]. Although these types

In Japan, as in many Western countries, lung
cancer is the leading cause of cancer-related
death, claiming more than 50,000 lives annu-
ally, and the situation is worsening [1]. Ap-
proximately 30% of patients with non-small-
cell lung carcinoma (NSCLC) have localized
disease, and successful surgical management
with long-term disease control is generally re-
stricted to this group of early-stage patients.
NSCLC is histopathalogically and clinically
distinct from small-cell lung carcinoma
{SCLC), and is further subdivided into adeno-

share common characteristics, they are
thought to develop from at least partially dif-
ferent sets of genetic alterations [3].
Adenocarcinoma is currently the most
predominant histological subtype of NSCLC
in Japan as well as in the United States [4].
Although morphological features and clinical
stage based on the tumor-node-metastasis sys-
tern can roughly stratify patients for prognosis,
it is often difficult to predict either which sur-
gically managed patients are at risk for early
relapse or which rare advanced-stage patients
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may experience prolonged survival [2]. To guide clinical deci-
sions on the optimum treatment regimen, there is clearly a
need to accurately identify patients at high risk for recurrent or
metastatic disease. Therefore, search of the genetic lesions
identified by recent advances in cancer molecular biology for
those relevant to predicting patient prognosis is considered to
be of great importance. Many molecular markers that predict
patient survival independent of the tumor-node-metastasis
staging system have been reported [3]. These include onco-
genes (K-ras, Bcl2, Her2/neu, EGFR), tumor suppressor genes
(p53, RB, pl6, p27), cell cycle modulators (cyclins), molecules
related to tumor invasion and metastasis (CD44, cathepsin B,
matrix metalloproteinase), telomerase, molecules involved in
tumor angiogenesis (vascular endothelial growth factor, vas-
cular endothelial growth factor receptor) and cyclo-oxygenase

2 [5]. However, for the moment there is no single biomarker
available that can be routinely used for prediction of prognosis
of NSCLC. This may be quite reasonable considering that
cancer is a complex multigene disease.

Recently, cDNA microarray technologies that simulta-
neously analyze the expression tens of thousands of genes
have been used to correlate gene-expression patterns in
individuals with various clinical parameters, including
morphologic features and tumor behavior. In 2001, groups
from Stanford [6] and Boston (7] applied expression pro-
filing technologies to lung cancer, and they both concluded
that (1) clusters defined by gene expression patterns reca-
pitulate morphological classification of the tumors into
squamous, small-cell, large-cell, and adenocarcinoma, and
that (2) adenocarcinoma can be classified into subgroups
that reflect patient survival. However, these two groups
selected quite different sets of genes that influenced patient
survival [6,7]. Similar subsequent studies also identified sets
of genes of prognostic interest; but again, the selected sets of
genes were quite different among reports [8-10].

In this study, we used real-time reverse transcriptase
polymerase chain reaction (RT-PCR) to examine expres-
sion of 44 genes reported previously [6,7] as putative prog-
nostic markers in our cohort of pulmonary adenocarci-
noma patients. Our objectives were (1) to confirm whether
expression patterns of these 44 genes were relevant to prog-
nosis in our cohort of patients, and (2) to create a prognos-
tic model that could reasonably be used in routine clinical
practice by further selecting a smaller number of genes.

RNAs derived from five SCLC and 15 NSCLC cell lines were
used for optimization of PCR conditions. Details of their deriva-
tion and culture conditions have been described [11,12]. Adeno-
carcinoma samples were obtained from 85 consecutive patients
who underwent pulmonary resection at the Aichi Cancer Center
Hospital (Nagoya, Japan) from December 1995 through May
1998, after obtaining approval from the institutional review board,

Y i' V- "w."',.‘-'ﬂ.\
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Cell Lines and Patients

812

and patients” written informed consent. The patients were 44
males and 41 females, with age at diagnosis ranging from 32 to 84
years (median age, 62 years). Forty-eight patients had stage [
disease, six had stage 11, 30 had stage I1I, and one patient had stage
IV disease. Twenty-four patients had poorly differentiated; 47,
moderately differentiated; and 14, well-differentiated adenocarci-
noma. Thirty-eight patients were smokers, with a median Brink-
man index (number of cigarettes per day X years} of 855; the
remaining 47 were never smokers.

For validation of our prognostic model, we used an indepen-
dent set of 21 patients with pulmonary adenocarcinoma who had
undergone pulmonary resection from March 1994 through No-
vember 1995, These patients were 12 males and nine females, with
anage at diagnosis ranging from 43 to 78 years (median age, 60 years),
and 13 patients were smokers with a median Brinkman index of 750.
Eight patients had stage I disease, one had stage II, 10 had stage I11, and
two had stage [V disease, Nineteen patients had moderately differen-
tiated, and two had well-differentiated adenocarcinoma.

All patients underwent potentially curative resection (84 of
85 and 21 of 21 underwent formal pulmonary lobectomy or more,
with systematic ipsilateral mediastinal lymph node dissection).
One remaining patient underwent partial resection due to poor
pulmonary reserve. Stages were determined after pathologic eval-
uation of resected specimens according to the International Sys-
tem for Staging Lung Cancer, revised in 1997 [13].

Tumor samples were processed immediately after surgical
removal. Tissue specimens were grossly examined by a surgical
pathologist (Y.Y.), and a piece of the tumor tissue was carefully
obtained so as to maximize tumor content. A half of the piece was
snap frozen in liquid nitrogen, followed by storage at —80°C until
use. The other half was fixed with prechilled acetone, and embed-
ded in paraffin for evaluation of tumor contents and scored in one
of four classes (eg, < 25%, 25% to 50%, 50% to 75%, and > 75%).
Total RNA was isolated using the acid guanidirium isothiocyanatef
cesium chloride procedure [14]. All samples used in this study were
analyzed by RT-PCR of glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) gene (539 base pair [bp]) to ensure the integrity of RNA
using the following primers: 5'-GTCAACGGATTTGGTCG-
TATT-3' and 5’ -AGTCTICTGGGTGGCAGTGAT-3".

Genes Examined in the Present Study

Initially, we tried to examine 48 genes that had been previ-
ously reported to be relevant to subgrouping of adenocarcinoma
for 28 genes [6] and 20 genes [7] (Table 1). PCR primers were
designed to amplify 3’ untranslated regions of the genes to yield
small fragments (range, 91 to 333 bp; mean, 170 bp). Primer
sequences are available on request. Most of the primers were
purchased as Human Genepair {Research Genetics, Huntsville,
AL), and others were synthesized according to the database at
UniSTS (National Center for Biotechnology Information, Bethesda,
MD). Primers for five genes were designed using Primer Express
Software version 1.5 (Applied Biosystems, Foster City, CA).

Relative Quantification by Real-Time RT-PCR
First-strand ¢cDNAs were synthesized from total RNA using
Superscript II {Invitrogen, Carlsbad, CA) and random hexamer
primers (Roche Applied Science, Alameda, CA). Real-time quan-
titative PCR amplifications were performed by SYBR Green assay
in an ABI PRISM 7900-HT (Applied Biosystems). The reactions
were carried out in a 96-well plate in 25-pL reactions containing
2 X SYBR Green Master Mix (Applied Biosystems}, 200 to 250
nmol/L each, forward and reverse primer, and a cDNA template

JournaL oF CLINICAL ONCOLCGY



Prognostic Model of Pulmonary Adenocarcinoma

Table 1. 48 Genes Examined in This Study
Accession Size
Na. Gena Name Symbal Number uniSTS Code Location (base pairs)
1 Intercellular adhesion molecule 1 (CD54), human rhinovirus TCAMT Jo3132 WI-70231 19013.3-13.2 224
receptor
2 Protein tyrosine kinase 7 PTK7 v40271 WI-8716 Bp21.1-12.2 108
3 Carcinoembryonic antigenelated call adhesion molecule 1 CEACAMT $71326 WI-17429 19q13.2 104
{biliary glycoprotein) .
4 Dipeptidylpeptidase IV (CD26, adenosine deaminase DPP4 X60708 WI-7620 24243 332
complexing protein 2)
5 Collagen, type IX, alpha 2 COL9AZ AF019408 SGC30746 1p33-32 127
6  Thyrcid transcripticn factor 1 TITF1 X82850 SGC35528 14q13 204
7 Epididymis-specific, whey-acidic protein type, four-disulfide WFDC2 X63187 SGC30446 20g12-13.2 150
core domain 2, HE4
8 Citron {rho-interacting, serine/threonine kinase 21} it AB023168 stSG3138 12q24 142
9 Hepsin {transmembrana protease, serina 1) HPN M18930 WI-7579 19q11-13.2 276
10 Ornithine decarboxylase 1 ooct XMO002679 stSG1950 2p25 185
11 Tumor suppressor deleted in oral cancer-relatad 1 DOC-1R G24725 SHGC34148 11g13 100
12 Cartilagae paired-class homeoprotain 1 CART1 U31986 sts-N20106 12¢21.3-22 137
13 Sodium channel, ncnvoltage-gated 1 alpha SCNN1TA XMOC33306 st5-X76180 12pt3 170
14 Soluta carrier family 2 (facilitated glucose transporter, SLC2A1 NMOCOB516  WI-15743 1p35-31.3 150
member 1
15  Ataxia-telangiectasia group D-associated protein {tripartite TRIM28 NMQ12101  Wi-7302 11g22-23 333
motifcontaining 29)
186 KIAAC1OT KIAAD101 NMO14736 D14657 15q11.2 184
17 Prostagtandin E synthase PGES AF027740 9q34.3 151
18 Cathepsin L CTSL X12451 Wi-7541 9g21-22 229
19 ESTs Hs.11607 AA443569 |FLJ32208) EST AA443568  AKD56767 5t5G42238 7p22.3 154
20 Dickkopf {Xenopus laevis) homelog 1 DKK1 AF127563 10q11.2 121
21 ESTs, highly similar to LB4D human NADP-dependent EST-LB4D Bi254118 9p32 151
Leukotriene B4 12-hydroxydehydrogenase
22 Vascular endothelial growth factor C VEGFC NMO05429  stSG2713 4934.1-34.3 130
23 ERQIL{S. ceravisiae)-like EROIL AF081886 (32587 14q22.1 108
24 v-erb-b2 avian erythroblastic leukemia viral encogene ERBB2 M11730 GDB:181407 179211 148
homclog 2
25 Simitar to phosphatidylcholine transfer protein 2 serologically SDCCAG28 AF151810 5t5G4384 11913 125
defined colon cancer antigen 28
28 EST Hs.98803 AA434256 EST AA434256  AA434256 st5G47892 <) 120
27 Islet cell autoantigen 1 (69kD} autcantigen p63 1CAT u3az60 W-7176 7p22 128
28 ESTs Hs.102406 AA468094 EST AAI68094  AA4GBO94 2 121
29 Kallikrein 11 KLKT1 AF164823 SHGCS57422 19¢13.3-134 199
30 Achaete-scute complex homolog-ike 1 ASCL1T L08424 W1-9226 12q22-23 111
31 Carboxypeptidase £ CPE X51405 Wi-7540 4g32.3 325
3z Calcitonin/cargitonin-related polypeptide, alpha CALCA X00356 WiH6982 11p16.2-15.1 274
33 Tubulin, beta polypeptide TUBB X79535 Wi17931 6p25 138
34  Tumor rejection antigen{gp96) 1 TRAT X15187 R99860 12024.2-24.3 14t
35  X-box binding protein 1 ) _XBP1 NMOOS080  WI-8513 22q12.1 344
36 Dual specificity phosphatase 4 (MAP kinase phosphatase 2} DUSP4 Uz21108 uz21108 8p12-11 207
37 Platelet-activating factor acetylhydrolase PAFAHI1B3 NMOO2573  NIB1825 19g13.1 267
38  Trefoil factor 3 (intestinal), TFE3 (HNTF LC8044 WI-7267 21g22.3 125
39 Proprotein convertase subtilisinfkexin typs 1 - PCSK1 XB64810 RH92225 5q15-21 143
40 Muclear transcription factor Y, beta NFYB NMODE168 RH71289 12922-23 130
41 ZW10 interactor ZWINT AFO67556 sts-H99221 10g21-22 126
42 Oncogene Ret/Ptc2 Ret/Ptc2 L03357 RHBB458 10q11.2 110
43  Trinucleotide repeat containing 8 TNRCSG Ugo736 16q12.2 91
44 KIAA1025 KiAAT1025 ABQ28948 5t5G1522 12q24.22 273
45  KlaA1128 KlaA1128 AF241785 Wi-8523 10q23.2 190
46 Depa decarboxylase poC M76180 M76180 7p11 218
47  Hepatocyte nuclear factor 3, alpha HNF3A U39840 stSG43208 14q12-13 125
48 KIAAD767 KIAAQ757 BCO25418 ADOSV42 22q13.31 121
NOTE. No. 1 through 28 are derived from Garber et a! [6]; 29 through 48, from Bhattacharjes et al [7]; and 28, 46, 47, and 48 were excluded in the analysis
{see Results).
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corresponding to 20 ng total RNA. SYBR Green PCR conditions
were 50°C for 2 minutes, 95°C for 10 minutes, followed by 95°C for
50 seconds, 57°C or 60°C for 30 seconds {except Ret/Ptc2, 68°C),
and 72°C for 1 minute for 40 to 50 cycles. In the SYBR Green
Master Mix, there is an internal passive dye, ROX, in addition to
the SYBR Green dye. The increase in the fluorescence of SYBR
Green against that of ROX was measured at the end of each cycle.
In each 96-well reaction plate, six standard samples, diluted up to
1/1000 of cDNA of any lung cancer cell line selected in preliminary
experiments of each gene, were run with unknown tumor samples.
Finally, relative quantitative values of each sample were compared
with those of their 185 ribosomal RNA (rRNA) genes (186 bp),
since expression of 185 rRNA was more consistent than expression
of B-actin (275 bp) or GAPDH (225 bp) among 20 cell lines in our
preliminary experiments (ie, standard deviations of these house-
keeping gene expressions were 0.87 for S-actin, 0.56 for GAPDE,
and 0.25 for 185 rRNA when expression levels in the ACC-LC-319
cell line were set to 1.0).

Hierarchical Clustering

For using the cluster analysis program, we petformed a loga-
rithmic (log,) transformation of the data to stabilize the variance,
and the gene expression profile of each tumor was normalized to
the median gene expression level for the entire sample set. Average
linkage hierarchical clustering was performed using Cluster and
TreeView software (http://rana.lbl.gov/EisenSoftware.htm) [15].

Data Analysis

The x? test, Student’s ¢ test, and Spearman rank correlation
coefficient were used to compare the results. The Kaplan-Meier
method was employed to estimate the probability of survival as a
function of time, and survivdl differences were analyzed by the
log-rank test. To identify which independent factors jointly had a
significant influence on the overall survival, Cox proportional
hazards medeling was applied. The two-sided significance level
was set at P < ,05. All analyses were performed using StatView
software (version 5; SAS Institute Inc, Cary, NC [SAS/STAT User’s
Guide, Version 6; SAS Institute, 1990]).

Relative Quantification by Real-Time RT-PCR

We have preliminarily examined reliability of this assay,
including reproducibility using cell line samples. Four of the 48
genes (EST AA468094, DDC [dopa decarboxylase], HNF3A
[hepatocyte nuclear factor 3a], and KIAA0767) did not give
consistent bands on agarose gels or identical melting curve of
PCR products, and thus, subsequent analyses were performed
using the remaining 44 genes. We next asked whether there
was a good correlation between real-time RT-PCR assay and
immunohistochemistry (IHC). Since we previously examined
overlapping cohorts of tumors by IHC of thyroid transcription
factor 1 (TITFI) [16], we compared the results obtained by
RT-PCR with THC. TITFI expressions were highly in agree-
ment with mRNA quantities of our samples (P << 0001, Spear-
man rank correlation coefficient).

Hierarchical Clustering
Unsupervised hierarchical clustering based on log, trans-
formation of relative expression values of 44 genes classified 85
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adenocarcinoma samples into a cluster tree with three major
subgroups (Fig 1). These three clusters were independent of
pathological stage (P = .1732, ¥? test), differentiation (P =
.5498), or degree of tumor content (P = ,4095). Kaplan-Meier
plots of one of the subgroups {group B) showed a statistically
significant difference in overall survival as compared with the
other two subgroups (P = .0297, log-rank test; Fig 2). Group B
included preferentially more males (P = .0020, xz test), more
elderly patients (P = .0277), more smokers (P = .0197), and
more tumors larger than 30 mm (P = .0019; Table 2). Tumors
in group B had lower levels of expression of DPP4 (dipepti-
dylpeptidase IV}, WFDC2 (whey-acidic protein four-disulfide
core domain 2), TITFI, CIT (citron}), HPN (hepsin), PTK7
(protein tyrosine kinase 7), ICAMI (intercellular adhesion
molecule 1), DOC-IR (deleted in oral cancer-related 1),
CEACAMI (carcinoembryonic antigen-related cell adhesion
molecule 1), COL9A2 (collagen type IX alpha 2), SDCCAG28
(serologically defined colon cancer antigen 28), and two EST
genes. On the other hand, group B tumors had higher expres-
sion of DUSP4 (dual specificity phosphatase 4}, TRIM29 (tri-
partite motif-containing 29), and SLC2A1 (solute carrier fam-
ily 2 member 1; Table 3). Expression of neuroendocrine
markers such as KLK1! (kallikrein 11} and ASCLI! {ASH]1,
achaete-scute homolog 1) were highest in tumors of group C.
Patients of this group did not, however, have poor prognosis.

Identification of a Smaller Number of
Survival-Related Genes and Creation of a
Prognostic Model

Although it is of interest that the above unsupervised
cluster analysis of 44 genes was able to identify patients at
higher risk, examination of 44 genes is too laborious in
clinical practice. Furthermore, the hierarchical clustering
method can only be applicable to a retrospective analysis of
a cohort of patients and cannot be used to predict clinical
outcome for any future patients. Therefore, we tried to

~ identify a smaller number of genes relevant to patient prog-

nosis, and to create a prognostic model that could be ap-
plied prospectively. For the selection of genes, a stepwise
multivariate Cox proportional hazards model was used, and
eight genes were selected as significant independent prog-
nostic factors (Table 4) when the cutoff P value was set at . 1.
The genes were PTK7, CIT, SCNNIA (sodium channel,
nonvoltage-gated 1 alpha), PGES (prostaglandin E syn-
thase), ERQIL (EROI-like), ZWINT (ZW10 interactor),
and two ESTs. Coefficients for PTK7, CIT, ERO1L, and EST
AA434256 were negative, while those for the other four
genes were positive, suggesting that high expression of the
former four genes was associated with good prognosis, and
that high expression of the latter four genes was associated
with poor prognosis. We then calculated risk indices (Rls)
that were defined as a linear combination of gene expression
values weighed by their estimated regression coefficients.
When the cutoff of the RI was set at the 50th percentile,
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EST AA443569

KIAA1128
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WFDC2
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DOC-1R
CART4
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Fig 1. Gene expression profile. Eighty-five patients with clinical outcome data were clustered hierarchically based on exprassion of 44 genes. Cluster tree of
individual patient samples and overall pattern of median-centered gena expression data are shown.

WHAY,JCO. TG 815



Endoh et al

1
] C (n=33)

-g .8 | -t
% 6 A (n =31)
T 4
o 4
3 . B(n=21)

2 7

P=.0297
. 0 T T T T T T T T T T T

12 24 36 48 60 72

Months After Operation

Fig 2. Kaplan-Meier curve divided by hierarchical ctustering using all 44
genes and B5 cases.

Kaplan-Meier analysis and a log-rank test showed that there
was a large difference in survival between high- and low-risk
patients (P < .0001, log-rank test; Fig 3A). There was a
significant association between Rls and tumor stage or tu-
mor differentiation. Seventy percent of patients with stage
III and IV disease, and 40% of patients with stage [ and II
disease belonged to the high risk group (P = .0082, x* test). In
addition, the high-risk group contained 57% of patients with
poorly to moderately differentiated carcinoma, and only 15%
of those with well-differentiated carcinoma (P = .0052). The
prognostic stratification was even more prominent when pa-
tients were divided into four groups by setting the cutoffs at the
25th, 50th, and 75th percentiles (Fig 3B).

We also created a model including conventional prognos-
tic factors (sex, age, differentiation, and stage) as well as RI, The
Cox proportional hazards model selected pathological stage
{hazard ratio [HR], 2.915; P = 0069} and RI (HR, 5.017; P =
.0021) as independent prognostic factors (Table 5).

Since these eight genes were selected and regression coef-
ficients were calculated to explain prognosis of these learning
set of 85 patients, it was important to validate this approach by
applying the model to an independent set of patients. There-
fore, quantitative RT-PCR was performed for these eight
genes, and RI was calculated in a test set of 21 additional
adenocarcinoma patients who had undergone surgery from
1994 through 1995—a period just before the learning set of
cases was collected. The Kaplan-Meier curves stratified by RI
are shown in Figure 4. The difference in overall survival be-

tween patients with low RI and high RI was also significant (P

= 0273, log-rank test), validating this model. As with the
learning set, multivariate analysis with the test cases also iden-
tified RI (HR, 6.562; P = .0085) and pathological stage (HR,
14.819; P = ,0038) as independent prognostic factors (Table 6).

¢DNA microarray technology is promising in that it can
analyze thousands of unselected genes simultaneously, and
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Table 2. Relationship Between Hierarchical Cluster and
Clinicopathologic Variables (¢? test)
Group B Groups A and C
n=21) n = 64}
No. of No. of
Variable Patients % Patients % P
Sex .
Male 17 81 27 42 0020
Female 4 19 37 58
Age, years
= 62 15 7 23 44 0277
82 > B 29 36 58
Smoking habit
Smoker 14 67 24 38 0197
MNaver 7 33 a¢ a2
CEA, ng/mL
=85 10 48 19 30 1326
5> 11 52 45 70
Differentiation
Poor 7 33 17 27 5498
Well + rmoderate 14 &7 47 73
Tumor size, mm
=30 15 71 21 a3 0019
= 30 4] 29 43 67
Pleyral invasion '
+ 8 38 25 39 23N
- 13 62 39 61
LN metastasis
N1-3 8 38 22 34 7569
NO 13 62 42 66
p-Stage :
e+ v 10 48 20 N 732
I+ 1 11 52 44 69
Tumor content, %
< 25 1 5 4 3] 4095
25-50 7 37 18 30
80-75 5 26 23 46
> 75 6 32 11 18
Abbreviations: CEA, carcinoembryonic antigen in serum; LN, lymph node.

thus, it gives a comprehensive view of gene expression char-
acteristics of tumors in each patient, However, microarray
technology is still developing, and it has potential technical
variances that may compromise the reproducibility of re-
sults. These technical variances may be derived from varia-
tion in printing or processing of chips, hybridization or
scanning, sample preparation, or probes [17]. In addition,
cDNA chips are still very expensive for routine clinical use.
As a complementary approach, we determined the expres-
sion levels of each gene by quantitative RT-PCR, which can
provide more accurate and reproducible RNA quantifica-
tion and requires smaller quantities of tumor tissue [18-20].

In the present study, we did not use microdissected
tissue but used bulk of cancer tissue., This may raise argu-
ment that contamination of normal stromal cells may dilute
molecular characteristic of tumors of interest. However, we
have shown that the degree of tumor content did not signif-
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Table 3. Characterization of Group B Divided by Hierarchical Cluster
(t test in log, transformation; median ¢entered data)
Variable Group B Groups A and C P
Genes with decreased expression in group B
DPP4 -2.006 0.433 < 000
WFDC2 =127 0.283 < 0001
TITFT =-1.472 0.238 0001
ciT =0.876 0.754 0002
HPN -1.726 0.093 .0003
EST AA434256 -0.821 0.654 .0008
PTK7 —0.563 0.106 0026
. iCAM? -0.722 0.104 .0029
DOC-1R -0.51 0.07 0079
CEACAM!? -0.4 0.274 0108
EST-LB4D ~0.437 0.088 0225
COL9AZ -1.272 0.072 0238
SDCCAG28 -0.47 -0.051 L0261
Genes with increased expression in group B
DUSP4 1.587 -2.198 0007
TAIM29 0.981 -0.231 0046
Sstcza 0.556 0.002 0438
Abbrawviation: log,, logarithm.

icantly affect clustering. In a clinical setting, it is too labori-
ous to perform microdissection for each patient. Further-
more, gene-expression signature might arise from both
malignant and stromal elements in primary tumors, as sug-
gested by Ramaswamy et al [10].

We first analyzed our expression data using unsuper-
vised hierarchical clustering. Hierarchical clustering sepa-
rates samples into subgroups of related expression patterns
in an unbiased manner. Although the number of genes we
examined was small, we were able to cluster adenocarci-
noma into three groups, confirming the heterogeneity of
this type of NSCLC as has been suggested by other research-
ers [6-8). Patients in group B by our expression profiling
had a significantly poor prognosis. Group B had more male
elderly patients with smoking habits and larger tumors.
However, there was no statistical difference in terms of
pleural invasion or lymph node metastasis. Tumors in

11
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B 41
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2
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Months After Qperation
B . Very low: 21
1 - u- i+
Low: 21
£ 6
% High: 21
5 4
8
2
Very high: 22
0 T T ¥ ¥ v T T T T T
12 24 36 48 60 72
Months After Operation

Fig 3. Relationship between survival in the 85 cases and their risk
assignments based on the sight-gene risk index. The cutoff of the risk index
was set at the 50th percentile (A} or the 25th, 50th, and 75th percentiles {B).

group B were characterized by lower expression of adhesion
molecules, such as DPP4, ICAMI, and CEACAM], and
growth suppressors such as HPN [21] and DOC-IR [22].
ICAMI is involved in intracellular signaling in a variety of
physiological and pathological processes, including metas-
tasis and tumor growth [23]. WEDC2, TITF1, and CIT were
also lowin expression in group B. WFDC2 (HE4), a protease
inhibitor, is expressed in pulmonary epithelium and may be
part of the host defense shield of the airways [24]. It was
suggested to be a growth inhibitor [25], as similarly, its
family member gene WFDCI is a candidate tumor suppres-
sor gene, TITF1 is implicated in the regulation of surfactant

Table 4. Eight Genes Selected by Stepwise Multivariate Analysis of
Overall Survival Using the Cox Proportional Hazards Model in 85 Cases L . . .
Table 5. Multivariate Analysis of Overall Survival Using the Cox

Variable HR 95% CI P Proportional Hazards Model in 85 Cases
PTK7 0.500 0.244 to 1.024 0582 Variable Lategory HR 95% ClI F
¢ oen 0.428 to 0.870 0064 Sex Male/fernale 1451 0662163.179 3525
SCNNIA 1.744 1.185 to 2.568 0048 Age,years = 62/< 62 1102 0513102367 8033
PGES 2228 1299 10 3.822 0036 Differentiation Well + 1311 0581102957 5143
EST-LB4D 1.962 1.219 10 3.158 0055 modsrate/poor
EROIL 0.289 0.157 10 0.531 <0001 p-Stage 14+ A1 2915 1341106340 0069
EST AA434256 0.481 0.342 10 0.677 <.0C01 Risk inclex High/low* 5017 1.795t0 14018 0021
ZWINT 2.398 1.586 to 3.626 < .0001 —

Abbreviation: MR, hazard ratio.
Abbreviatien: HR, hazard ratio. *Divided by median value.
www.jro.org 817



Endoh et al

1 -
g 0] Low: 11
§ . ow:
@
T
3 47
-
o]
2 High: 10
P=.0273
'0|'|-a'1-|'|'|'|'
12 24 36 48 60 72 84
Months After Operation

Fig 4. Relationship between survival in the 21 test cases and their risk
assignments based on the eight-gene risk index.

gene expression, and TITF1 expression is initiated at a very
early stage of lung morphogenesis [26]. CIT is a serine/threo-
nine kinase and rho effector suggested as a crucial regulator in
cytokinesis [27]. SLC2A! is also known as glucose transporter
(GLUTI), and it was highly expressed in group B. Increased
SLC2A1 expression is observed under conditions that induce
greater dependence on glycolysis as an energy source, such as
ischemia or hypoxia [28-30]. These data suggest that overex-
pression of SLC2A1 may play an important role in the survival
tumor cells, especially in large tumors. In the literature, de-
creased expression of ICAMI [31} and TITF1 [16], and in-
creased expression of SLC2A1 [32], have been previously re-
ported to be poor prognostic factors in NSCLC.

For several genes, the prognostic impact appeared to be
somewhat at odds with their function. Although protein
tyrosine kinases (PTKs) are regarded as oncogenes, PTK7
was more strongly expressed in tumors with favorable prog-
nosis, in agreement with the Stanford group [6). It is also
reported to be downregulated during melanoma develop-
ment [33]. DUSP4 (MKP-2) is one of the dual specificity
phosphatases, which are also known as MKPs (mitogen-
activated protein kinase phosphatases). DUSP4 inactivates
MAPKs (extracellular signal-regulated kinase and ¢-Jun N-
terminal kinase) [34] and is thought to be a negative growth

Tahle 6. Multivariate Analysis of Qverall Survivat Using the Cox
Proportional Hazards Model in 21 Test Cases

Variable® Category HR 95% CI P Value
Sex Fernale/male 2.083 0.621tc 6.981 2344
Ags, years Z 60/< 60 5385 11261025744  .0349
p-Stage N+ IVA+HI 14819 2,387 10 91.994 0038
Risk index Highflowt 6.562 1.617 to0 28.625 0085

Abbreviation: HR, hazard ratio.
*Thera was no poorly differentiated adenocarcinoma in the 21 cases.
tDivided by median valua.

818

regulator. However, high expression of DUSP4 was associ-
ated with poor prognosis in the present study, in agreement
with the Boston group (7] and with the Stanford group [6].
Indeed, DUSP4 was recently reported to be a possible com-
ponent of a novel, transforming pathway [35], and to be
highly expressed in hepatoma [36] and pancreatic tumor
cell lines [37]. Moreaver, it is reported that expression of
MKP-1, highly homologous to DUSP4, is associated with a
shorter progression-free survival in ovarian tumors [38]. Al-
though the Boston group reported that adenocarcinoma with
overexpression of neurcendocrine markers had the worst
prognosis (7], our group C, which had highest expression of
neuroendocrine markers, did not have poor prognosis.

Using Cox proportional hazards model, we selected eight
genes that would jointly predict patient prognosis. These were
PTK7, CIT, SCNN1A, PGES, EROIL, ZWINT, and two ESTs,
and half of these genes also characterized hierarchical cluster
group B. PGES has been shown to stimulate transcription,
influence mitogenesis of normal human bone cells, and to
promote growth and metastasis of tumors [39]. PGE, is syn-
thesized from PGH,, whose production is catalyzed by cyclo-
oxygenase {COX), and inducible PGES is specifically overex-
pressed in NSCLC {40]. Overexpression of inducible form of
COX (COX-2) is shown to be associated with poor prognosis
in NSCLC patients [41]. ZWINT, human ZW10 interacting
protein-1, plays an important role in normal centromere func-
tion [42]. SCNNIA is related to hypertension [43], and EROIL
is thought to be involved in oxidative protein folding in the
endoplasmic reticulum [44]. Although the mechanisms by
which some of these genes affect patient prognosis are not very
clear, it seermed that whole set of expression pattern of these genes
might have the important information for cancer prognosis.

In conclusion, we were able to select eight genes that
were more relevant to patients’ survival from expression
data obtained by real-time PCR. Both unsupervised cluster-
ing and a supervised method were useful to predict survival
of patients with pulmonary adenocarcinoma. It is of special
clinical interest that the risk index calculated from expres-
sion of a reasonably small number of genes may be useful in
routine clinical practice.
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Abstract

There are data in the literature that suggest a close relatienship between the expression
of CK20 and CDX2, K-ras mutations, and goblet cell morphology. The present study
has examined these factors in a cohort of 264 non-small cell lung cancers. Thirteen of
212 adenocarcinomas expressed CK20; 29 expressed CDX2; K-ras mutation was identified
in 28; and goblet cell features were present in 19. These four factors correlated with
each other in a complex way and therefore a logistic regression model was constructed.
Significant correlations were found between CK20 and CDX2 expression, and between K-
ras mutation and goblet cell morphology, and there was a marginal correlation between
CDX2 immunoreactivity and goblet cell morphology. These four features have also been
commonly detected in colorectal, pancreato-biliary, and ovarian mucinous carcinomas,
suggesting that these adenocarcinomas may be prototypical, independent of the organ
of origin. Furthermore, as high and uniform expression of CDX2 was characteristic of
metastatic colorectal cancer, weak and/or focal CDX2 expression should alert surgical
pathologists to the possibility of primary lung adenocarcinema, especially in the presence of
goblet cell morphology. However, some lung adenocarcinomas may express CDX2 strongly:
in this case, CK20 also tends to be positive.

Copyright © 2004 Pathological Society of Great Britain and Ireland. Published by John
Wiley & Sons, Ltd.

Keywords: CK20; CDX2; K-ras; goblet cells; mucinous carcinoma; non-small cell
carcinoma

Introduction

Lung cancers, especially adenocarcinomas, are charac-
terized by a high degree of morphological heterogene-
ity, which implies both intra- and inter-tumoural diver-
sity. Morphologically, lung adenocarcinomas show a
wide range of cellular features and are subdivided
into a number of categories including type II pneu-
mocyte type, Clara cell type, bronchial surface epithe-
lium type, and bronchial gland type, according to the
scheme of cellular classification of lung adenocarcino-
mas proposed by Shimosato [1]). Goblet cell adenocar-
cinoma is one such subtype, about which interesting
.data have been reported. Several types of adenocarci-
noma in the WHO classification, including mucinous
type of bronchioloalveolar carcinoma, mucinous (col-
loid) carcinoma, mucinous cystadenocarcinoma, and
adenocarcinoma, mixed mucinous type, belong to this
category.

Close correlations have been suggested between
the occurrence of mucinous bronchioloalveolar car-
cinomas (BACs) and mutations in the K-ras proto-
oncogene [2,3]. Tsuchiya et al reported that goblet cell

adenocarcinomas exhibited a very high rate of K-ras
mutation in comparison with other types of adenocar-
cinoma [3]. Marchetti et al found K-ras mutations in
ten out of ten mucinous BACs, but enly in 34 of 98
non-mucinous adenocarcinomas [4].

Another interesting finding in mucinous carcinomas
is differential expression of cytokeratins. Clinically,
the expression of cytokeratin 20 (CK20), as well
as CK7 and thyroid transcription factor-1 (TTF-1),
has been used to discern primary from metastatic
adenocarcinomas in the lung [5~10]. CK20 expression
is restricted to a limited group of adenocarcinomas: it
is detectable in almost all colon cancers, about half
of gastric and pancreato-biliary carcinomas, and about
30% of transitional cell carcinomas. CK20 expression
is rare in lung cancer, with less than 8% of lung
adenocarcinomas positive [5,9,10). However, some
have reported that the expression in lung tumours
is linked to a particular histological subtype. Shah
et al [11] reported that 17 of 19 mucinous BACs
showed immunoreactivity for CK20, whereas only ten
of 80 adenocarcinomas NOS and four of 14 non-
mucinous BACs were positive. Goldstein and Thomas

Copyright © 2004 Pathological Society of Great Britain and Ireland. Published by John Wiley & Sons, Ltd,
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[12] also reported differential immunoreactivity for
CK20 between mucinous and non-mucinous BACs;
seven of 14 mucinous BACs were positive for CK20,
in contrast to only one of 26 non-mucinous BACs.

CDX?2 is a homeobox gene related to the Drosophila
Caudal gene and encodes a transcription factor that
plays an important role in pattern formation in the
developing embryo and induction of intestine-specific
genes [13). Transfection of CDX2 into an undif-
ferentiated intestinal cell line resulted in arrest of
proliferation, followed by morphological and pheno-
typic differentiation to mature intestinal epithelial-
like cells, suggesting that the expression of this gene
affects the proliferation and differentiation of intesti-
nal cells [14]. Indeed, CDX2 (+/—) heterozygous
mice develop colonic hamartomas and polyps, whereas
CDX2 (—/-) homozygous mice are embryonic lethal.
In adult human tissue, CDX2 is specifically expressed
in the intestinal epithelium and most colorectal cancers
are positive for CDX2. In addition, 50% of gastric can-
cers express CDX2 in association with their intestinal
phenotype and positivity for CDX2 was observed in
some pancreato-biliary carcinomas [15,16]. Whereas
expression in organs derived from the mesodermal
component of the digestive tract during development is
understandable, ovarian mucinous carcinomas, which
are positive for both K-ras mutations and CK20
expression, are also positive for CDX2.

These previous studies reported various pieces of
information regarding the relationships between K-ras
mutation, CK20 expression, goblet cell morphology,
and CDX2 expression in lung cancer and in carcino-
mas in other sites. In this study, using a consecutive
series of 264 non-small cell lung cancers, we attempted
to organize and integrate the data on lung cancers and
compared these with carcinomas at other sites. The
results suggest the existence of an adenocarcinoma
prototype, in which a subset of lung cancers may be
included.

Materials and methods

Patients

A series of 264 consecutive, non-small cell carcinomas
presenting between September 2000 and December
2002 at the Department of Pathology and Molecular
Diagnostics, Aichi Cancer Center, Nagoya, Japan were
used for the present study, after obtaining the approval
of the institutional review board and patients’ written
informed consent. To exclude the possibility that the
lung tumours were metastatic, all of the patients who
underwent surgical resection were routinely exam-
ined by abdominal computed tomography and further
analysis was performed when abnormal findings were
obtained. Twenty-one metastatic colorectal carcino-
mas were used as controls. In addition, a spectrum
of 32 neuroendocrine tumours of the lung was exam-
ined, comprising six typical carcinoid tumours, two
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atypical carcinoid tumours, eight large cell neuroen-
docrine carcinomas, and 16 smail cell carcinomas.
Clinical information was collected from the database
and pathological staging was determined according to
the AJCC Cancer Staging Manual [17].

Tissue microarrays

Four spots were selected per tumour and tissue
microarrays were constructed using an MTA-1 manual
tissue arrayer (Beecher Instruments, Inc, Silver Spring,
MD, USA). Briefly, selected spots of the donor paraf-
fin wax block were punched with a 0.6-mm-diameter
coring needle, and transferred and arrayed in the recip-
ient block using the arrayer. Serial 4-um-thick sections
on coated slide glasses were prepared for immunohis-
tochemical analysis, as described previously [18,19].

Immunochistochemistry

Immunohistochemica! examination proceeded accord-
ing to the standard avidin—biotin—peroxidase complex
method using monoclonal antibodies against CDX2
(CDX2-88; Biogenex, San Ramon, CA, USA), CK20
(Ks 20.8; DAKO, Copenhagen, Denmark), and TTF-1
(8G7G3, DAKO). Antigens were retrieved by auto-
clave for CDX2 and TTF-1, or by trypsin treatment
for CK20. The tissue array was used for screening
and all of the positive cases or cases with suspicious
positive reactions were examined using regular large
sections. Absence of false-negative cases in the tis-
sue microarray was confirmed similarly with regular
large sections, using 20 each of the cases evaluated as
negative. Selected large sections were evaluated semi-
quantitatively with the following criteria. More than a
moderate intensity of signal was considered as posi-
tive and the proportion of positive cells was scored as
0, negative; 1, less than 25% of positive tumour cells;
2, 26-50%; 3, 51-75%; and 4, 76% or more.

Relative quantification by real-time RT-PCR

First-strand ¢DNAs were synthesized from DNase
I-treated total RNA extracts, using Superscript II
(Invitrogen, Carlsbad, CA, USA) and random hex-
amer primers (Roche Applied Science, Alameda,
CA, USA). Resl-time quantitative PCR amplifica-
tions were performed using a Smart Cycler sys-
tem (SC-100, Cepheid, Sunnyvale, CA, USA).
The reactions were performed using QuantiTect
SYBR Green PCR kits (Qiagen, Valencia, CA,
USA). The primer sequences for CDX2 were for-
ward, 5-CCGAACAGGGACTTGTTTAGAG- 3’ and
reverse, 5-CTCTGGCTTGGATGTTACACAG-3. In
each reaction, standard samples dituted up to 1/1000
of cDNA from a colon cancer cell line, SW480, were
run with unknown tumour samples. Quantitative val-
ues of each sample relative to HT-29, which is known
to have minimal expression, were compared with those
of B-actin.
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Mutation status of K-ras

Frozen tissues from the tumour  specimens were
dissected macroscopically to enrich tumour cells
in the extracted tissues, followed by extrac-
tion of total RNA with the RNAeasy kit (Qia-
gen). Using a standard RT-PCR procedure, K-ras
was amplified using the following primers: for-
ward, 5-GGCCTGCTGAAAATGACTGA- 3’ and 5'-
TCTTGCTAAGTCCTGAGCCTGTT-Y. The products
were directly sequenced using an ABI PRISM 310

Genetic Analyzer (Applied Biosystems, Foster City,

CA, USA).

Statistical analysis

The x? test for independence and the unpaired ¢-
test were used to compare the gene expression data.
Logistic regression models were constructed to analyse
complex relationships using SYSTAT software (SYS-
TAT Software Inc, Richmond, CA, USA). p < 0.05
was considered statistically significant.

Results

K-ras mutation and expression of CDX2 and
CK20 in non-small cell lung cancer

Careful screening using tissue microarray and valida-
tion with regular whole sections revealed that 13 and
32 of 264 non-small cell lung cancers were positive for
CK20 and CDX2 expression, respectively. The distri-
bution of expression among the histological subtypes
is listed in Table 1. All of the tumours expressing
CK20 and CDX2 were adenocarcinomas except for
three CDX2-positive squamous carcinomas. The inten-
sity of the positive reactions in the primary lung adeno-
carcinomas was variable, whereas 21 metastatic can-
cers of colorectal origin were uniformly and intensely
positive. The distribution of reactions and representa-
tive pictures are shown in Figures 1 and 2. The mean
positive score for lung adenocarcinomas was signifi-
cantly lower than that of metastatic colorectal cancers,
and most of the reactions were regional. However,
in a limited number of the lung adenocarcinomas,
uniform positive reactions appeared to mimic those
of metastatic colon cancers. Examination of clinical
charts revealed no history of advanced gastrointestinal
carcinoma prior to undergoing surgery for lung cancer
in the patients with tumours positive for these markers.

K-ras mutations were observed in 30 of 251
tumours. The majority of the mutations were at codon
12 (26 of 30) and the others included one at codon
13 and three at codon 61. The significant association
of K-ras mutations with adenocarcinomas (28 of 30
mutations found) is consistent with previous reports
[20,21].

647

Table 1. Expression status in non-smalf cell lung cancers and
metastatic colon cancers

CK20 cDX2 K-ras
expression expression mutations
Adenocarcinomas 137212 191212 281203
Squamous cell carcinomas 0/41 3/41 1139
Adenosquamous carcinomas 0/5 0/5 15
Large cell carcinomas /6 /6 0/4
Metastatic colon cancers 20721 21721 8/19

Correlation of the expression of CK20, CDX2,
and mutated K-ras with goblet cell morphology

Because K-ras mutations and CK20 expression have
been reported in association with goblet cell mor-
phology, we examined the relationship between these
features in lung adenocarcinomas. Goblet cell adeno-
carcinomas wers observed in 19 of the 212 tumours.
This was associated with a higher frequency of K-
ras mutations (p < 0.05) and CDX2 expression (p <
0.05). Similarly, a statistically significant relation-
ship was found between CDX2 and CK20 expression
(p < 0.01), and K-ras tended to be mutated more fre-
quently in CDX2-expressing adenocarcinomas (p =
0.06). The clinicopathological features of the four
groups are summarized in Table 2. The relationships
were associated with each other and we therefore con-
structed logistic regression models to analyse these
complex relationships, together with various clinico-
pathological features (Table 3). CK20 expression was
associated only with CDX2 expression and K-ras
mutations only with goblet cell morphology, respec-
tively, CDX2 expression was significantly associated
with CK20 expression, male sex, a tumour diameter of
more than 30 mm, and lack of TTF-1 expression; there
was a marginal association with goblet cell morphol-
ogy. Goblet cell morphology was related significantly
to lack of TTF-1 expression and marginally with K-
ras mutation. These results suggested three kinds of
relationship: first, a close association between CK20
and CDX2; second, correlations between K-ras muta-
tions and goblet cell morphology; and third, a weak
association between CDX2 expression and goblet cell
morphology. .

These findings raised the question of whether a
small proportion of adenocarcinomas were individu-
ally positive for all of these markers, or whether a sub-
set of adenocarcinomas specifically expressed some of
the markers. The former possibility suggests the pres-
ence of a distinct form of adenocarcinoma, whereas
in the latter case, expression represents a vague ten-
dency for a certain differentiation feature. The results
revealed that tumours expressing just one or two mark-
ers were most frequent and that only two expressed all
markers.

CDX2 mRNA expression in lung cancers

In contrast to previous studies, we observed CDX?2
expression in lung tumours. To confirm this,

J Pathol 2004; 203: 645-652
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Figure 1. CK20 expression in metastatic colon cancers and lung adenocarcinomas. The histogram (A) indicates the distribution
of CK20-postive scores between the metastatic colon cancers and lung adenocarcinomas examined: mean scores are 3.0 and 2.2,
respectively. The numbers on the tops of the bars indicate the frequency of each staining category. Representative sections are
shown for a score of 4+ in 2 metastatic colon cancer (B), a score of 2+ in a lung adenocarcinoma (C), and a score of 4+ in a lung

adenocarcinoma (D)

expression relative to that of a colon cancer cell
line, HT29, was examined using real-time RT-PCR
in three normal lungs, three metastatic colon cancers,
five CDX2-positive lung adenocarcinomas, and five
CDX2-negative lung adenocarcinomas (Figure 3). No
or negligible transcript levels were detected in normal
lung and CDX2-negative lung adenocarcinomas,
whereas CDX2-positive lung adenocarcinomas ‘ and
colorectal cancers showed, respectively, 10.7 and 36.6
times as much transcript relative to HT29 cells. In the
lung adenocarcinomas with positive CDX2 expression,
relative transcript values varied from 0.1 to 49.3,
which correlated well with the staining scores.

CDX2 expression in neuroendocrine carcinomas

We noted that, in addition to lung adenocarcino-
mas, some of the neuroendocrine tumours expressed
CDX2. This was observed in six of 24 high-grade
neuroendocrine tumours (25%), including large cell
neuroendocrine carcinomas and small cell lung can-
cers (Figure 4). Although the expression in about half

J Patho! 2004; 203: 645-652

of the positive cases was restricted to a portion of the
tumour (less than 25% of the tumour area), the other
half demonstrated relatively uniform expression. The
distribution of the staining scores and representative
scoring 3+ is shown in Figure 4.

Discussion

To date, pieces of information in the literature have
indicated a close relationship between the expression
of CK20 and CDX2, K-ras mutations, and goblet
cell morphology. CK20 is expressed commonly in
colorectal adenocarcinomas, ovarian mucinous carci-
nomas, transitional cell carcinomas, gastric adenocar-
cinomas, and pancreatic carcinomas [5,9,10]. CDX2
is expressed in colorectal adenocarcinomas, ovarian
mucinous carcinomas, gastric adenocatcinomas, pan-
creatic ductal carcinomas, and biliary duct carcinomas
[15,16,22]). K-ras is frequently mutated in pancreatic
carcinomas, colorectal carcinomas, ovarian mucinous
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Figure 2, CDX2 expression in metastatic colon cancers and lung adenocarcinomas. The histogram {A) indicates the distribution
of CDX2-postive scores between metastatic colon cancers and lung adenocarcinomas: mean scores are 4.0 and 1.9, respectively.
The numbers on the tops of the bars indicate the frequency of each staining category. Representative figures are shown for a score
of 4+ in a metastatic colon cancer (B), a score of 2+ in a lung adenocarcinoma (C), and a score of 44 in a lung adenocarcinoma

(D)

carcinomas, and endometrial carcinomas. Therefore,
colorectal carcinomas, ovarian mucinous carcinomas,
pancreatic carcinomas, and some endometrial carcino-
mas share the four properties examined in the present
study and these tumours make up a significant pro-
portion of human adenocarcinomas. These findings
suggested that overlap of these four features is rather
common and a cancer with these features may rep-
resent one of the adenocarcinoma prototypes, which
is independent of the organ of origin, Characteris-
tics of this prototype may be cell type of ‘intestinal’
goblet cells. Ichikawa et al reported that intestinal-
type mucinous ovarian, but not endocervical, tumours
exhibit K-ras mutation, suggesting a specific associa-
tion of this mutation with ‘intestinal’ goblet cell-type
adenocarcinomas [23]. Indeed, although endocervical
adenocarcinomas show goblet cell morphology, K-
ras mutation and expression of CK20 and CDX2 are
rarely detected. This kind of alteration that is spe-
cific for cellular context and/or cell type has been

documented. Some skin tumours show a preference
for certain genes to be mutated, ie PTCH in basal
cell carcinomas [24] and CYLD in cylindroma [25].
It is of note that despite induction throughout the
epidermis and skin appendages using a keratin-5 pro-
moter, mice transgenic for H-ras, GLI2, and B-catenin
developed different types of tumour: squamous cell
carcinoma [26], basal cell carcinoma [27], and hair-
follicle tumour [28], respectively. Another example
is mice transgenic for K-ras. Even though the mice
expressed K-ras¥!? throughout the body, hyperprolif-
erative properties and consequent progression to can-
cer were induced only in the bronchioloalveolar cells
in the lung. These findings suggest that the molecular
mechanism of carcinogenesis is different among cell
types and/or cellular contexts, and similar cell types
and/or contexts may share mechanisms that result in a
similar genotype and phenotype. _

To our knowledge, there are only three reports con-
ceming CDX2 expression in the differential diagnosis

J§ Pathol 2004; 203: 645-652
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Table 2. Patient characteristics
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CcDX2 CK20 K-ras Goblet celt
expression expression mutation morphology
Number of cases 29 13 28 19
Histological subtypes in the WHO classification
Mixed 16 ) 15 16
Acinar 8 4 5 3
Papillary 4 3 6 0
Solid with rmucin | 0 2 G
TNM stage
pT(1/2/314) 912062 9/4/0/0 1113272 717/0/5
pN({O/1/2/3) 2002771C 10/0/2/1 18/0/9/1 16/172/0
pM(0/1) 2871 13/0 28/0 19/0
Male gender 22 7 21 5
More than median age 14 8 10 11
Smoker 21 8 21 7
Mere than 30 mm of tumour size 19 3 12 7
Invasion beyond visceral pleura 13 2 7 4
Naodal metastasis 9 2 9 3
TTF-1 expression I 8 7 7
Each number indicates the frequency in each category.
* Two cases were not examined.
Table 3. Four logistic regression models for the analysis of relationships
Dependent variables
CK20 CcDX2 K-ras Goblet cell
Independent variables expression expression mutations morphology
CK20 expression — < 0.0l Qll 016
CDX2 expression < 0.01 — 043 025
K-ras mutations 030 049 — .06
Goblet cell morphology 043 0.05 0.02 —
More than median age 0.80 073 0.10 0.23
Male gender 020 < 0.0l 020 0.12
Smoker ‘ 049 0.52 0.1s 0.38
Tumour diameter > 30 mm 040 - 0.03 074 0.80
Invasion to visceral pleura 0.22 0.27 052 019
Pathological stage 1 (early stage) 073 086 0.67 0.33
Nodal metastasis 0.78 040 039 0.10
TTF-1 expression 053 0.02 0.85 < 0.0

Each value indicates a p value for the comparison of independent variables {rows) with individual models
(columns). For example, the CK20 column indicates that although CD20 expression Is potentially influenced
by various factors listed in rows (independent variables), the logistic regression model for CK20 expression
(second column) reveals a statistically significant association with CDX2 expression (p = 0.01) but not the

other factors,

Underlines and italics represent statistically significant and marginal correlations, respectively.

between primary lung adenocarcinoma and metastatic
cancers of colorectal origin [15,16,22]. The present
stiidy is in agreement with those in terms of the marked
difference in CDX2 expression between primary and
metastatic adenocarcinomas; high and uniform expres-
sion was characteristic of colorectal cancers. However,
as shown with real-time PCR, expression is not com-
pletely absent from primary lung adenocarcinomas.
Indeed, one of the previous three reports documented
one case each of 1+ and 2+ CDX2 staining among
33 primary lung adenocarcinomas examined [15]. Fur-
thermore, other non-gastrointestinal tumours were also

positive for CDX2. Franchi et al demonstrated uni-

form expression in most ethmoid sinus adenocarcino-
mas, which were also positive for CK20 and goblet
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cell morphology [29]. It is therefore reasonable to sug-
gest that CDX2 can be expressed in this specific subset
of lung adenocarcinomas, as a reflection of the char-
acteristics of the cell- or cancer-type. This also alerts
surgical pathologists to a pitfall in differential diagno-
sis using CDX2 immunohistochemistry.

It is of note that high-grade neuroendocrine carci-
nomas also expressed CDX2. It is well known that
K-ras is rarely mutated in small cell lung cancers [21]
and that high-grade neuroendocrine tumours are neg-
ative for CK20 [9). Thus, CDX2 is not expressed in
association with a certain adenocarcinoma prototype.
Rather, this finding may represent aberrant expres-
sion of lineage-specific molecules in pulmonary high-
grade neuroendocrine carcinomas. We have reported



