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Abstract:

Purpose: Although small-cell lung carcinoma (SCLC) has high chemo-sensitivity, but recurrence
by distant metastasis causes unfavorable prognoses. We previously reported that gene expression
profiling could identify a good-prognosis subtype of SCLC. Here, we evaluated the subtype using
immunohistochemistry to obtain appropriate biomarkers.

Methods and Results: Surgical specimens of 30 SCLCs were employed for the comprehensive gene
expression analysis using an Affymetrix HG U133 plus 2.0 chips. This analysis successfully duplicated
the subtype with significantly good prognosis. We subsequently evaluated the protein expression of
neuroendocrine (NE) and basal cell (BA) markers with cases of 39 SCLCs. NE negative patients (n=7) had
better survival than NE positive patients (p=0.026), whereas there was no survival difference by BA marker
expression.

Conclusion: The gene expression analysis of SCLC revealed that surgical SCLC had a subset of cases with
good prognosis, and this subtype was identified by low NE marker expression.
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71 Antibodies used in this study.
Antigens Company Clone code Dilution Ag Retrieval
Synaptophysin DAKO A0010 (polyclonal) x 20 pH 6
Chromogranin A DAKO A0430 (polyclonal) x 1000 pH9
CD56 NOVO NCL-CD56 1B6 x 50 pH9
p63 protein LVG MS-1081-P1 4A4 x 100 pH6
CK-HMW Enzo C34903 34BE12 x 20 pH6
Ki67 DAKO M7240 MIB-1 x 50 pH 6
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< 2 Result of gene expression analysis.
Downreguated in Group II vs Groupl
UniGene.ID  log2FC p-value Gene.Symbol Gene Title
Hs.704281 7.949 2.30E-12 ASCL1 achaete-scute complex homolog 1 (Drosophila)
Hs.704281 7.187 1.65E-13 ASCL1 achaete-scute complex homolog 1 (Drosophila)
Hs.153444 6.347 8.54E-9 GRP gastrin-releasing peptide
Hs.89584 6.204 1.39E-9 INSM1 insulinoma-associated 1
Hs.78977 5.912 2.04E-13 PCSK1 proprotein convertase subtilisin/kexin type 1
Hs.655499 5.408 8.94E-13 ST18 suppression of tumorigenicity 18 (breast carcinoma) (zinc finger protein)
Hs.505 5.362 3.77E-7 ISL1 ISL LIM homeobox 1
Hs.533717 5.169 2.73E-6 DLK1 delta-like 1 homolog (Drosophila)
Hs.435274 5.061 8.12E-7 SCN3A sodium channel, voltage-gated, type III, alpha subunit
Hs.653700 5.042 4.47E-8 Z1C2 Zic family member 2 (odd-paired homolog, Drosophila)
Hs.334370 4.988 2.26E-7 BEX1 brain expressed, X-linked 1
Hs.213050 4.900 8.94E-13 ELAVL4 ELAV (embryonic lethal, abnormal vision, Drosophila)-like 4 (Hu antigen D)
Hs.695962 4.755 9.50E-6 FOXG1 forkhead box G1
Hs.1701 4.689 6.86E-13 ELAVL3 ELAV (embryonic lethal, abnormal vision, Drosophila)-like 3 (Hu antigen C)
Hs.514795 4.683 2.98E-8 NOL4 nucleolar protein 4
Hs.232618 4.486 3.23E-15 SCG3 secretogranin II1
Hs.8059 4.482 5.60E-6 SYT4 synaptotagmin IV
Hs.637685 4.480 8.05E-9 NRXN1 neurexin 1
Hs.703788 4.444 4.50E-6
Hs.715611 4.417 8.54E-11 SH3GL2 SH3-domain GRB2-like 2
Hs.167317 4.416 2.22E-12 SNAP25 synaptosomal-associated protein, 25kDa
Hs.501632 4.403 1.63E-8 CACNA1A calcium channel, voltage-dependent, P/Q type, alpha 1A subunit
Hs.503878 4.388 3.80E-11 NCAM1 neural cell adhesion molecule 1
Upregulated in Group II vs Groupl
UniGene.ID  log2FC p-value Gene.Symbol Gene.Title
Hs.715560 -2.324 1.19E-5 GPR126 G protein-coupled receptor 126
Hs.370515 -2.327 2.20E-8 TRIMS5 tripartite motif-containing 5
Hs.374774 -2.335 0.000 ANKRD29 ankyrin repeat domain 29
Hs.2490 -2.342 3.47E-7 CASP1 caspase 1, apoptosis-related cysteine peptidase (interleukin 1, beta, convertase)
Hs.655172 -2.342 2.07E-5
Hs.718429 -2.343 2.61E-5 DCN decorin
Hs.714337 -2.344 4.79E-6 IFIT3 interferon-induced protein with tetratricopeptide repeats 3
Hs.643590 -2.349 9.95E-7 AIM1 absent in melanoma 1
Hs.478275 -2.349 1.70E-5 TNFSF10 tumor necrosis factor (ligand) superfamily, member 10
Hs.363396 -2.390 1.97E-5 CFH complement factor H
Hs.715499 -2.392 3.92E-5 TMA4SF1 transmembrane 4 L six family member 1
Hs.104879 -2.393 3.70E-8 SERPINB9 serpin peptidase inhibitor, clade B (ovalbumin), member 9
Hs.558865 -2.393 0.001 CES1 carboxylesterase 1 (monocyte/macrophage serine esterase 1)
Hs.2490 -2.419 5.46E-8 CARD16 /// caspase recruitment domain family, member 16 /// caspase 1, apoptosis-related
CASP1 cysteine peptidase (interleukin 1, beta, convertase)
Hs.2962 -2.424 0.001 S100P S100 calcium binding protein P
Hs.517070 -2.425 0.002 SLPI secretory leukocyte peptidase inhibitor
Hs.74615 -2.426 2.68E-5 PDGFRA platelet-derived growth factor receptor, alpha polypeptide
Hs.382202 -2.428 2.23E-5 CHI3SL1 chitinase 3-like 1 (cartilage glycoprotein-39)
Hs.523852 -2.431 9.10E-6 CCND1 cyclin D1
Hs.647071 -2.448 4.86E-6 GIMAP2 GTPase, IMAP family member 2
Hs.173233 -2.463 0.002 TMEM100 transmembrane protein 100
Hs.715499 -2.464 3.80E-6 TM4SF1 transmembrane 4 L six family member 1

Hs.131933 -2.466 1.94E-9 PLBD1 phospholipase B domain containing 1
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5 3 Patients characteristics of resected specimens

Cases Diagnosis Age Sex S.I. ¢TI cN cM Pre-operative Induction Chemotherapy Operation pT pN
(year) diagnosis (Reduction Rate)
1 SCLC 76 M 1500 2 2 0 SCLC Yes PR: 84% Lobectomy 4 2
2 SCLC 57 M 1050 4 2 0 SCLC Yes PR: 70% Lobectomy 4 2
3 SCLC 67 M 940 3 2 0 SCLC or LCC None Lobectomy 4 2
4 SCLC 59 M 1435 2 1 0 SCLC Yes CR: scar+ Lobectomy 2 2
5 SCLC 64 M 400 1 0 0 poor-diff. ca None Lobectomy 1 2
6 SCLC 68 M 1000 1 0 0 SCLC None Lobectomy 4 0
7 SCLC 72 M 680 1 0 0 SCLC None Lobectomy 2 0
8 SCLC 84 M 1200 1 0 0 Unconfirmed None Partial resection 1 1
9 SCLC 46 M 940 1 0 0 SCLC or SQ None Lobectomy 2 0
10 Combined Sm+Ad 59 M 1480 1 1 0 ADorLCC None Lobectomy 4 0
11 SCLC 73 M 960 1 0 0 SQ None Lobectomy 1 0
12 SCLC 54 M 680 1 0 0 SCLC Yes PR: 74% Lobectomy 1 0
13 Combined Sm+Ad 59 F 0 2 0 0 AD None Lobectomy 2 0
14 SCLC 73 M 800 1 2 0 ADorSCLC Yes PR: 77% Lobectomy 1 0
15 SCLC 61 M 375 1 2 0 SCLC Yes PR: 79% Lobectomy 4 2
16 SCLC 66 M 300 1 1 0 SCLC Yes SD: 24% Lobectomy 1 1
17 Combined Sm+Spindle 64 M 1470 3 0 0 SCLC Yes PR: 67% Lobectomy 4 0
18 SCLC 67 M 920 2 2 0 SCLC Yes CR: regrowth+ Lobectomy 1 2
19 SCLC 57 M 1110 1 0 0 SCLC Yes SD: 26% Lobectomy 1 1
20 SCLC 79 M 1180 2 0 0 SCLC None Lobectomy 4 0
21 Combined Sm+Ad 59 M 675 1 0 0 SCLC None Lobectomy 1 0
22 SCLC 76 M 600 1 0 0 ADorSCLC None Segmentectomy 1 0
23 SCLC* 67 M 2000 1 2 0 Unconfirmed None Partial resection 1 0
24 SCLC 53 M 1050 2 1 0 SCLC None Pneumonectomy 4 2
25 Combined Sm+AS 74 F 0 2 1 0 NSCLC None Lobectomy 2 2
26 SCLC 68 M 1440 2 0 0 poor-diff. ca None Lobectomy 2 0
27 SCLC 68 F 380 2 0 0 ADorSCLC None Lobectomy 4 1
28 SCLC 65 M 2400 2 1 0 SCLC Yes PR: 51.3% Lobectomy 4 1
29 SCLC 64 F 700 1 0 0 carcinoma None Lobectomy 1 0
30 SCLC 71 M 1060 1 0 0 SCLCor p/d ca None Lobectomy 1 1
31 Combined Sm+LCNEC 63 F 1880 3 0 0 SQ or SCLC None Lobectomy 4 0
32 SCLC 74 M 200 2 1 0 NET None Lobectomy 2 0
33 SCLC 62 M 1175 1 0 0 SCLC Yes PR: 69.5% Lobectomy 1 1
34 Combined Sm+LCC 70 M 1000 1 0 0 SCLC or LCC None Lobectomy 2 0
35 Combined Sm+LCC 63 M 3760 2 0 0 SCLC None Lobectomy 4 0
36 SCLC 70 F 1000 2 0 0 SCLC Yes SD: 25.2% Lobectomy 2 0
37 SCLC 68 F 60 2 0 0 SCLC Yes PR: 73% Lobectomy 4 0
38 Combined Sm+Ad 80 M 840 2 0 0 AD None Lobectomy 2 2
39 SCLC 70 M 1000 1 0 0 SCLC None Lobectomy 1 0

*  Double synchronous primary carcinoma, SQ and SCLC.

** Invasion of visceral pleura was graded acccording by Satoh’s report15; p1-3 implies that a tumor extends to connective tissues between visceral and

parietal pleural membranes.

***Jnkown means that the patient had treatment at another hosital. T & I Patients had best supportive care because of T poor perfoemance status

or I on his own decision.

Abbreviation; SCLC: small cell lung carcinoma, AD; Adenocarcinoma, SQ: squamous cell carcinoma, AS: Adenosquamous cellcarcinoma,
LCC: Large cell carcinoma, NSCLC: Non-small cell carcinoma, NET: Neuroendocrine carcinoma, p/d: poorly-differentiated,

SI: Smoking Index (No. of tobacco per day X years), CTx: chemotherapy, RTx: radiotherapy, CRTx: chemo-radiotherapy,

Ind-CTx: Induction chemotherapy, Adj-CTx: Adjuvant chemotherapy, SD: stable disease, PR: partial response, CR: complete resopnse.
RS: Response status, p: pleural invasion, pm: intrapulmonary metastasis, v: vascular invasion, ly: lymphatic involvemnet.
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pM  p-stage Size p pm v ly Adj-CTx Reccurence Treatent for reccurence Prognosis Cause of death Group

(mm) (Regimen) (RS)
0 111B 22 1 1 1 1 Yes Yes CTx PR Dead pneumonia N+B-
1 v 50 0 2 1 0 Yes Yes CRTx SD Dead lung cancer N+B+
0 I1IB 70 3 0 1 1 Yes Yes CTx SD Dead lung cancer N+B+
0 IIIA 32 0 0 1 1 Yes Yes CRTx CR Dead lung cancer N+B-
0 II1A 16 0 0 0 1 Yes None Dead unknown N+B-
0 I11B 18 0 1 1 1 Yes None Alive N-B-
0 1B 33 0 0 1 0 Yes Yes Unknown*** Dead lung cancer N+B+
0 1A 20 2 0 1 1 None Yes Unknown*** Dead lung cancer N+B-
0 1B 33 0 0 1 0 Yes None Alive N+B-
0 I1IB 26 0 1 1 1 None None Alive N+B-
0 1A 24 0 0 1 0 None None Dead mesentric embolism N+B+
0 1A 22 0 0 1 0 Yes Yes CRTx+0p PD Dead lung cancer N+B-
0 1B 45 0 0 1 0 Yes None Dead unknown N+B-
0 1A 20 1 0 1 0 None None Dead pneumonia N+B-
0 11IB 13 0 0 1 1 Yes None Alive N+B+
0 1A 16 0 0 1 1 Yes Yes CTx PD Dead lung cancer N+B-
0 11IB 42 3 0 1 0 Yes Yes Unknown*** Dead lung cancer N+B-
0 IITIA 25 0 0 1 1 Yes Yes CTx PD Dead lung cancer N+B+
0 1A 22 0 0 1 0 Yes Yes RTx PR Dead lung cancer N+B-
0 11IB 40 1-3** 1 1 1 None Yes RTx CR Dead lung cancer N+B-
0 1A 20 0 0 1 1 Yes None Alive N+B-
0 1A 19 0 0 1 0 None Yes CTx SD Dead lung cancer N+B-
0 1A 15 0 0 0 0 Yes None Alive N-B-
0 I11B 58 3(interlob) 0 1 1 None Yes None T Dead lung cancer N-B-
0 IIIA 54 0 0 1 1 None Yes RTx PD Dead lung cancer N+B+
0 1B 49 0 0 1 1 Yes None Alive N-B-
0 11IB 48 1 1 1 1 Yes Yes RTx CR Dead lung cancer N+B-
0 11IB 11 0 1 1 1 None None Dead lung cancer N+B-
0 1A 30 0 0 0 0 Yes None Dead respiratory failure N-B-
0 1A 20 0 0 1 1 Yes None Alive N-B
0 I11B 80 3 0 1 0 Yes None Alive N-B-
0 1B 80 1 0 1 0 Yes None Alive N+B-
0 I1A 15 2 0 1 1 Yes Yes CRTx PR Dead lung cancer N+B-
0 11B 23 2 0 1 0 None Yes None # Dead lung cancer N+B-
0 11IB 21 0 1 1 1 Yes None Alive N+B+
0 1B 32 1-3** 0 1 1 Yes None Dead unknown N+B-
0 I11B 53 3 0 1 1 None Yes CRTx PR Dead lung cancer N+B-
0 IIIA 31 0 0 1 0 Yes Yes Unknown*** Dead lung cancer N+B-
0 1A 22 0 0 1 0 Yes None Alive N+B-
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% 4 Immunoreactivity score and serum markers
Cases Ref. No Immunoreactivity score Serum markers Group
NE Syn CGA NCAM BA p63 K903 Ki67(%) CEA SCC  CYFRA NSE ProGRP
1 29635 1 3 3 3 0 1 0 20 3.9 1.1 - - - N+B-
2 30017 1 3 3 3 1 3 0 50 6.4 0.5 - - - N+B+
3 30156 1 3 1 1 1 3 1 55 4 1.1 - - - N+B+
4 30323 1 3 3 3 0 0 0 40 3.1 0.3 - 9.6 - N+B-
5 30865 1 3 3 3 0 0 0 15 2.3 - - - - N+B-
6 31160 0 1 0 1 0 0 1 50 7.1 0.5 - 6.7 - N-B-
7 31401 1 3 0 3 1 1 2 55 4.2 0.7 - 4 - N+B+
8 32658 1 3 3 3 0 1 1 35 3.9 2.1 -- - - N+B-
9 33130 1 3 1 3 0 0 0 50 11.2 - - - - N+B-
10 33587 1 3 0 3 0 1 0 45 23.9 - - - - N+B-
11 34802 1 3 1 3 1 3 3 35 4.1 0.9 - - - N+B+
12 34947 1 3 2 3 0 1 0 60 0.8 0.7 - 8.8 - N+B-
13 35452 1 3 3 3 0 0 1 40 5.5 -- - 4.6 - N+B-
14 35628 1 3 3 3 0 1 1 40 1.3 4 - 3.2 - N+B-
15 35996 1 3 3 3 1 2 0 70 1.1 - - 1.9 - N+B+
16 36454 1 3 3 3 0 0 0 40 3.2 1.2 - 7.2 - N+B-
17 36483 1 0 1 3 0 1 0 50 3.2 1.4 - 5.1 - N+B-
18 36819 1 3 3 3 1 2 0 60 5.4 0.2 - 14.3 - N+B+
19 38779 1 3 3 3 0 0 1 15 2.1 0.2 - 7.6 70 N+B-
20 38809 1 3 3 3 0 0 0 60 6.7 0.4 - 8.6 - N+B-
21 39001 1 3 3 3 0 0 1 65 2.3 - 1.3 6.4 29.9 N+B-
22 39080 1 3 3 3 0 1 1 45 8.4 -- - - - N+B-
23 39401 0 0 1 1 0 0 1 30 3.6 2 - - - N-B-
24 39933 0 0 0 1 0 0 1 40 5.7 0.4 4.5 6.7 17.2 N-B-
25 40557 1 3 3 3 1 3 3 25 2.1 0.4 3.5 7.5 20.5 N+B+
26 40805 0 0 0 1 0 0 0 60 3.5 0.7 1.8 6.5 25.5 N-B-
27 40914 1 3 1 3 0 1 0 55 15.1 0.7 24 6.6 72.5 N+B-
28 41179 1 3 3 3 0 1 1 45 3.1 1 - 3.8 151 N+B-
29 41310 0 0 1 1 0 1 0 40 6.3 0.3 1.8 4.9 35.3 N-B-
30 42085 0 1 0 0 0 1 1 50 3 0.6 1.3 2.1 20.8 N-B-
31 42253 0 0 1 0 0 0 0 50 5.2 0.4 4.7 13 26.4 N-B-
32 43417 1 3 0 1 0 0 1 55 1.7 - 2.3 10 26.6 N+B-
33 44106 1 3 3 3 0 1 0 35 2.3 0.7 - - 78.3 N+B-
34 44165 1 3 3 3 0 1 1 40 5.4 1 - - -- N+B-
35 44304 1 0 1 2 1 0 3 35 3 0.4 - - 18.6 N+B+
36 45819 1 3 2 1 0 1 1 75 3.9 - - - 49.6 N+B-
37 46287 1 3 3 3 0 0 0 40 5.3 - - 23 638 N+B-
38 49271 1 3 3 3 0 1 1 45 18.8 0.7 -- 6.9 56.2 N+B-
39 50455 1 3 3 3 0 0 0 50 2.6 0.6 -- -- 324 N+B-
Positive 82 77 59 74 21 15 10 15~75 39 10 33 17 41
ratio (%)
N+: positive ratio (%) 100 93 71 91 25 19 13 45.2 34 9 25 17 58
N-: positive ratio (%) 0 0 0 0 0 0 0 45.7 57 14 40 17 0

Reference value; CEA: 5.0 ng/ml, SCC: 1.5 ng/ml, CYFRA: 3.5 ng/ml, NSE: 10 ng/ml, ProGRP: 45.9 pg/ml,
--: Not evaluated
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55 Comparison of clinicopathologic features in SCLC according to immunoreactivity.

Variable No. of cases NE markers b BA markers P
n=39 Negative (n=7) Positive (n=32) Negative (n=31) Positive (n=8)

Age (years) 0.909 0.745
<60 9 8 8
>61 30 6 24 23 7

Gender 0.791 0.947
Male 32 27 25 7
Female 7 2 5 6 1

Smoking status 0.790 0.872
Never 2 2 1 1
Smoker 37 30 30 7

Tumor size (mm) 0.706 0.992
= 30 22 4 18 18 4
> 30 17 3 14 13 4

Lymph node metastasis 0.643 0.461
Negative 22 17 18 3
Positive 17 2 15 12 5
N/A 0 0 0 1 0

Pathological stage 0.991 0.759
I 14 3 11 12 2
II~1v 25 4 21 19 6

Combined subtypes 9 1 8 7 2
AD 4 0 4 4 0
SQ 0 0 0 0 0
AS 1 0 1 0 1
Spindle 1 0 1 1 0
LCC 2 0 2 1 1
LCNEC 1 1 0 1 0

Induction CTx 0.060 0.730
Negative 24 7 17 19 5
Positive 15 0 15 12 3

Adjuvant CTx 0.66 0.830
Negative 11 10 9 2
Positive 28 6 22 22 6

BA, basaloid ; NE, neuroendcrine;
All were analysed by Chi-square test with Yate’s correction.
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