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Detection of Numerical Chromosomal Aberration in Squamous
Cell Carcinoma of the Lung by In Situ Hybridization
Using #7 and £17 Centromeric Probes

Sang Sook Lee, M D, Seong Beom Han, M.D* and Soong Kook Park, M D *
Department of Pathology and Internal Medicine®, Keimyung University School of Medicine

This study was carried out to understand the relationship between specific chromosome
changes and their phenotypic consequences at the tissue level of human lung cancers, Ten par-
affin-embedded human lung squamous cell carcinoma samples were investigated for the evi-
dence of genetic alterations, using chromosome 7 and 17-specific repetitive c-satellite DNA
probes, In situ hvbridization procedure with chromosome-specific DN A probes was optimized for
use on formalin-fixed paraffin-embedded lung tissue sections., The chromosome index ranged
from 1.10 to 1.88{median, 1.4%) for chromosome 7 and 1.20 to 1.98{median, 1.69) for chromosome 17.
Mormal lymphocytes and stromal cells showed one or two chromosome signals per cell in most
cases. All tumors showed three or more chromosome signals per cell with range of 16.0% to 80.6%
of cancer cellsimedian, 50.9%) for chromosome 7 and 32.7% to 84.7%(median, 69.9%) for chromo-
some 17. The chromosome index did not correlate with the DNA content in most cases, Chromo-
somes 7 and 17 were either overrepresented or underrepresented when they were compared with
corresponding DN A index determined by FCM, An increase in copy number, particularly of chro-
mosome 7 was associated with a less favorable phenotype, including high nuclear grade. In
addition, chromosome alterations were differentially expressed in the different areas of the same
tissue section, correlating with histologic heterogeneity,

These results suggest that chromosome polysomy can be reliably detected in tissue sections
using in situ hvbridization. There is a strong correlation between genotypic abnormalities and
tumor phenotype in human lung cancer. This capability will prove to be an important tool for de-
termining the underlving genetic basis for tumor development, tissue phenotvpe heterogeneity
and progression by allowing genetic determination to be made on paraffin-embedded tissue sec-
tions where tumor histologic architecture is preserved. (Korean J Pathol 193; 27: 443 ~458)

Key Words: Chromosome, In situ hybridization, Lung, Squamous cell carcinoma, Polysomy, 7
and 17 centromeric probes

H 41003 69 39, A=<el ;1003 7R 199 A ) =
F oA Fa ) BT F4AE 194, S2WE T00-310
Aol w slbodt Welsbaal o4k Abghe] Eokd ool oAl-s S Adsiee Alg

— 443 —



—cH by 2| ehE A A 27 H M5 & 1993

8 o] A Ho|c), oEF EH ALY wFTk] 00% o4
o] DNAg o|&4E Ho|&d" flow cytometry
(FCM el 2le] =] 2 w4 (hypodiploid)=il 4 4«4
(tetraploid)el o] 2+ W& F2 o|+4(aneuploidy)
DNAHE 7hale] cpibdd 2h4d E(stem cell)= 10~
20%2] FiolH MAsglc)? =gl mzgsior ¥
oE b okl & oAddEA Aajck o] R el SF4
8§45 Hole RHEE TAHEHS gl b 44 2
%t (non-small cell lung carcinoma; NSCLC)
o] # sl9ka] T5~B0%E A FelE ETEn M=
F+HESH ARAEe mA o fv4d NSCLC 2&2&2
T FaE #agrl ghel MERAEHEE L4 Ha
7] JAxe =Aedl 5 A {5 W57
NSCLCe #&L of§ E3bsted ¢34 gl was
Aepllz| 2} Aleds] FEch Hsk HAEeAAA H Fod
of (point mutation), 942 Heidz 44, 7
atel & FAA} wbde) walE dide] A o
g8 dbEkA] slglelt. 2d gl NSCLCelH
s gl ede] HS wpspedsd clokgh of 4l g
=3, T2 of4-F melchh ol2} L 24T W
af sfjate fal A == HAS FHE AER
e 4 oqldl oyl Foke] S43F Sdal wal
st el wlHzlel A= okf 27k olFE e
olfich A=, sl 4o AFgHoen o] Refzrie}
5 e ok 2 o HE e o adbe] =S
WA ol A 2o oA 8 ar Ex)
7L} Foke] whdnl oyl dase] Faby] e )
o el e} Esd A g2 foaalal E4S 4
37 fla) =2-E Mo sl oluw) =g 2
7 flelald e, 2oz 2HA LER =23
Hold 53 942 wigs gAg £ 9l e
A adtA =lgdch o]z o] @y Hdaz obe] il
ol B olalae] o gle} Helln] HEE ]2 P
A7 o glA =9

FH g4 He|gk DNA probed ¢]&% in
situ hybridization(ISH)71¥ =] =& Hels F&%
o] ghz] H ™ o] diwle B o] S48 £
o] =l db54 DNA ¢l 5ol s == Y5 o
A el wiglasS elxdls DNA probes A&
3led o] E probest v itels S oo} of Ao
A 87t Adlsle] ol g sl ool
%7?|{metaphase)®t 7+7|(interphase) £ 52 o
A JAHE SFHAF A = Yo,

S odadag 3 elate] P45 #HH chredl
satellite®} a-satellite(alpheid) DN A probest 7}
#F & ;S T gl Ao g2 Eel4dE
ke ¢ probew XEHe] sl d448 T4 $4
e dlelnzle Hilsle] Fr)el A LM 4
A AeHch

37 zZt7] & <44 DNA probe® 7zt of &

Hay me Ml A E AGRAY AlEsld Fald Al
o4 obE o7 Ao dqsG ddH] 8 E F4
o wEbd 4 e,

7h7] 42 = *Hinterphase cytogenetics)® ™
£+ ZlAEe] e 54 ya§ A HEF
ublez Fols] MEgAHE F40 e ErrAAd
Fapid de A EEe] "art @Al sle selfes
Folg =3 Hao FE8E + gl F4AY TP
AR = el whel F2) AEEE 97 oy,
k7] Al Zel| ISHE 44|Fhe] wbgshbn LA Fof
ATl feapal® wl gz Pokg FA4 Foks
Al HE Bl daHe = o|4E A,
o2} o] [SHe| 342l F7] WMola] of Mo <
H ol4-E AEdFe T+ lHeE FA4EA S
cpisz g gola] gy ooy 54 o Ao} e
= W ghsbe] AEHA7 AE FFeA TEEYE B
R 2e] o oyl A F BFRefa o] Fojx] 4
# wsbel =alyjeltts] £ == ghag] F8 AUk
of ¥4 HLxelel JAE o £ gl

3 ISH2| Ap&o] zletdl Hgie]d] vasle] 3
cpmatas - g AbA edgel fdEk zleld AdE
o] &4 A% A4 cfale] =i I = ofd 4H
A& vlg] HA}A A Ao Hasldd o] =L
H gEugles AR Feldlo s Fofgl #o =
| ZHagle gbr) dE5aE F4E fH ISH7IHE
Addled AAg 4y =24 S =2 A Helo)
cof =g Ha2 chdis] A DNA #-4(dena-
turation), #he]l2e] == §(hybridization)=t -4l
FAd 2] biotinvlated DNA probest ®#ds= i
o DNA=l =i gleta] o ofs]y 7|Estwch
HAd ISH AzE 24 =23 552 45y =2 4
HE o2 H#l 4 H & E(hematoxylin & eosin) 4
A FCM 2z DNA =4 9 S+G2M #& oz
F¥s 45+ ¢ 4 Uv PCNAlproliferating
cell nuclear antigen) © 94§ 43l Fo
M| i &h9d o},

o] od7e H=e glalzlor Foixl Abghe] g
ZAolH AT o 17 dd42 F43 probed
ApEate] [SH 71918 A4 8led slab =2 2] o4
# wlziel gl wigE M2 i) FAHY %
Ha e wdbzie] AalziAle] dulg Agdstnal she
ol 2l

M W U
Lo 2

1092 o] sl4h4] s dgl ghape] 5@ oha
HAg otzag Zawgleor wHsn zeljles
Zof gt =3 58 d4oz shedc

a4l Fhape] g dole Gl12ME H o7} o @

— 444 —



—o] Ak g 29) 1 A sl A7 QA FH o] -

Table 1. Demograph of 10 patients with squamous cell carcinoma of the lung

- .

Case  Sex Age Staging Treatment Follow-up interval Outcome
1 M 58 T: NoMao Op* 26 mos Recurred(8 mos)
2 M B T, NoMo Op 12 mos Recurrencel—)
3 M 63 T: NoMo Op 19 mos Recurrence(—]
4 M 64 T: NoMo Op+XRT** 8 mos Recurrencel—)
5 M 67 T: NoMo Op 5 mos Recurred
6 M 56 T: NoMo Op Lost Unknown
T M G4 T: NoMo Op Lost Unknown
8 M 59 T: NoMo Op 24 mos Recurred in stump(7 mos)
Recurred in contralateral
lung(9 mos)
g, M 56 T, NoMao Op 1 o Recurrence(—)
10 M 59 T: NoMo Op 20 mos Recurred in contralateral

lung(15 mos)

Op®: operation, XRT**: radiotherapy
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Fig. 1. (Case 10). ISH signals in proper conditions using chromosome 7 centromeric probe, Signal detection with
indirect peroxidase/DAB staining and Giemsa counterstain. (a) Both tumor(left) and infiltrating lym-
phocytesiright) are well demonstrated by H & E stain. Original magnification = 100. (b) Tumeor nuclei
showing multiple signalsi2~5 spots). Peroxidase stain, original magnification * 400, (c) Stromal cell nu-
clei showing one or two signals. Peroxidase stain, original magnification x 400,
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Table 2. Incidence{%) of centromeric copy number in 10 lung cancers

- Mumber of Centromeric Copies
Stromal cells/Lymphocytes Cancer Cells
1 2 3 1 2 3 4 5 or more
Chromosome % 7 15,6 BZA 1.6 6.6 41.6 318 145 5.5
Chromosome #17 15.7 81.3 3.0 4.5 28.7 31.5 31.3 4.0

Fig. 2. (Case 4). {a & b) Small tumor isletlarrow) showing multiple signals compared to normal nucleilarrow
head). {a: H & E stain, original magnification x 100, b: Peroxidase stain, original magnification x200),

a b

% %
1004 HOH
BO- S PRRAR 404
60~ 304
A0 P 0
20- 10-
o L — s . 0 . R
%7 Chromosome # 17Chromosome #£7 Chromosome 3 17Chromosome
11 Copy 3 ? Copies W 3 Copies W1 Copy m3 Copies  B5 or More Copies

02 Copies S 4 Copes

Fig. 3. (a) Centromeric copy numbers of control interphase lvmphocytes and stromal cell nuclei for chromo-

saomes T and 17. (b} Centromeric copy numbers of the interphase tumor nuclei of lung cancers for chro-
mosomes 7 and 17.

Hyl Azz pas 2deviFig 6a) o8 4+ 3} Fig 6bst 6deds] e whsd 3de| 2 23bsl -4
37t ebelFig. 6c). °] k=l add =23 2 v $3bF e ey 34 =g o ool4he] T
goll 4 ISHed olal 7o A %4 &3 £4¢ A GdaF e A2eq) Az oz Fopslglc o9
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Table 3. Summary of interphase cytogenetics for 10 lung cancers

] # 7 Chromosome # 17 Chromosome
Case Copy Mo. =3 spots(%) CI* Copy No. =3 spotsi o) cI*
1 2.10 16.0 1.11 2.20 32.7 1.20
2 3.00 64.0 1.56 2.70 51.9 1.47
3 3.40 726 1.70 3.40 728 1.98
4 250 47.7 1.33 3.70 829 1.95
5 264 4.1 1.49 3.30 779 L.77
& 2.14 17.1 1.22 2.90 67.1 1.40
fi 236 4]1.1 1.30 320 74.5 1.77
B 327 B0.6 1.69 2.86 629 1.56
2] 344 781 1.88 292 &0.3 1.60
10 2.59 46.9 1.48 258 84.7 1.90
Mean+5D 274048 Bl EZ+Z18 148+023 Z2O8+041 66,75+ 14.596 1.66+024
Median 262 509 1.49 291 6.0 1.60

CI* chromosome index

i o 4 _."I ™ : e 4 4 i s & -
S ey SR e T
Fig. 4. (Case 2). {a) H & E showing area of malignant transformation of respiratory epithelium. (b, ¢) Peroxidase

stain reveals increased numbers of signals of chromosome 7 in the nuclei in the transformed cell. The
arrowheads show numerous signals in a big tumor nucleus, well demonstrated in the insetla: H & E
stain, original magnification = 100, b, c: Peroxidase stain, original magnification > 100, = 200),
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Fig. 5. (Case 2], {a) H & E showing area of invasive squamous cell carcinoma portion, adjacent to Fig. 4. (b, ¢)
Peroxidase stain reveals multiple signals of chromosome 7(3~5)(a: H & E stain, original magnification x
200, b .c: Peroxidase stain, original magnification = 200, = 400).

Feo| HEvt & 5 S AsASEgde] g A2
o] FEIE Bl Bels ok MEs HE) e Y
Sef ulal galae] AFsrb 2gich dbw] oz
Aol s HulFtA ey Sdd Ao Fr7 F
k=] 2l cHFig. Ta, Th).

10 2] sfod 4171 s misiabsmobe] FCM ol &
Gk #lZ2e] DNA<ke] &3 #Hel= Table 48 3
1015 37} oluldFdAxe DNAE 713
ZF# 2= DAN =4 15298 o|wfale udchFig,
8. ISHA = 73 17y daae] Ha - 34
3.08% 272 2 24 (hyperdiploid)®dz <44 =
5 2z} 1567 14782 DNA=l4 152 w==38q
ch{Fig. 4a-d, Fig. 5a-c).
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Eg Tel 179 qdae] 2 2efAE el
ot FCMol o]8 DANAG+ =5 24 w8 elc
(Fig. 8).
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43. 7%= clakdtedcl{Table 4), PCNA 3= =4
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Y& alolef] ofw] AlatalAE wadd 5 gigic}
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DNA =<8t PCNA oF4 #lxe #3552 4ghye]
dalon) i oeld gy 4 ASHE
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PCNA side] 32 23 chad ezl
ol FoFo £3 Hro wilel olxalye}

1l g

AHge] S Sk Aaea okalely dalaza
B o g cjokdln o] Foko] §2H 2| Z(genetic
basis)& & o|# stabd Aldek FoF HHEel s
+ % Wiyl 23 Fok dxe S gy o
ghet gl ps|efof gheh, Algte] Fw 44 Folal ¥
o FokelH 54 dUale elabe] W E g™ Algd
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Fig. 6. (Case 4). Two separate regions of a squamous cell carcinoma of the lung in Case 4. (a) H & E showing a
more differentiated region of tumor with frequent keratin pearls. (c) H & E showing less differentiated
region of tumor. (b, d) Interphase tumor nuclei of the less differentiated region(d) showing increased
numbers of signals(]~&) compared to the number of signals of well differentiated arealdda, b H & E
stain, original magnification = 400, c, d: Peroxidase stain. original magnification = 400},

(b} Interphase tumor nuclei showing numerous signals{more than 10) in tumor giant cells compared to
the numbers of signals of the background nuclei. Inset shows higher magnification of tumor giant cells,
containing numerous signalsi = 400Ha: H & E stain, original magnification =200, b: Peroxidase stain, orig-
inal magnification > 200).
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Fig. 8. (a) Diploid histopram(Case 7). (b} Aneupleid histogram{Case 2). In addition to the diploid peak, there is a

large aneuploid peak.

Table 4. Carrelation between flow cytometric analvsis and the PCNA labeling index

c Flow Cytometric Analysis PCNA

= Floidy DN A index Proliferation fraction(%) Labeling index(%)
| Diploid 1.00 6.7 330
2 Aneuploid 1.52 G.4/51.8 188
3 Diploid 1.00 12.2 17.3
4 Aneuploid 1.72 31.9/53.8 19.4
5 Diploid 1.0 35,0 4.6
6 Diploid 1.00 5.8 302
7 Diploid 1.00 16.3 437
8 Diploid 1.00 10.4 115
g Tetraploid 1.00 441 g2

10 Diploid 1.00 102 13.6

o oztstel A$ 543 DNAL F4dwol(muta-
tion)sh s o] 4be] Foka) oJ] ghAe] LA
Z 7bz o g Al 7)ol #eddle] b Hep ot K
A frazbe] Wit 54 238 F4, 3, AR &
4wl Alfell Fy ofw] g wleA] o 5 fid

H M2 ujokal M3 fFHge] wHoez NSCLC
g #a e i A= e 2 o o
o M= Fof Al xe] Faltadfol ol el BY7HF
F F719 g4k viokg 27 gE. A v
2 DNA probed Abgshs ISHZIHE 486l
Aldatn Faald F2 da4 e 707 dofg S+%
g otehdle] G448 HaE AA9 ¢ s 53
Aa4s] Fadded H{ ¥4 a-satellite DNA

probe® ISH#tg 7b7] #e] odals|el 32 o 4s
at7] $14F FAE o] Al JelyA Hep™ A%
o & AEd 54 FA2 FA+F Gebde

slefflor Zofjgl =32 Hdeld [SH7IWL AHE
o2 g =M 53 a4 kst gy =
d¥ale] Hals: g o 4 b 2 [SH
Zle] slgke) slebdl 23] FyslH o] Feoldl s
F4] =Ee] T KimEYel 2l# vizs 4454
e},

DNA prober} sleldel=2 & o] F7] §&f «=
#o] #3 DNAol 2Heek gt o dA7F 2=
7l £ A ol3{-Ef DNA prober}l #al 3404
Fule] chalal wf Fef 39 DNA] 2337 o8
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