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Abstract Inactivation of thep53 gene plays a key rolenot an independent predictor of poor prognosis in multi-

in tumour biology, probably through a disturbed cell cyariate analysis. These data show that DNA-flow cytom-

cle control and an increased genetic instability in p53-ietry has little prognostic value for patients with resected

activated tumours. To learn more about the relationshipn-small-cell lung carcinoma.

between p53 alterations, proliferation and genetic insta-

bility (DNA aneuploidy) in lung cancer patients, specKey words Non-small-cell lung cancer -

mens of 220 surgically resected lung carcinomas WIENA aneuploidy - S-phase fractipg3Nuclear

clinical follow-up information were examined by immueverexpression - Progna:iis

nohistochemistry (p53; CM1) and flow cytometry. Nu- o ) ]

clear p53 positivity — found in 49.5% of the tumours -Abbreviations DI DNA-index, SPF S-phase fraction,

was associated with both high S-phase fraction (SHFY coefficient of variation, NSCLC non-small-cell lung

and DNA ploidy aberrations. SPF was higher in p53-pg&rcinoma

itive tumours (15.9 = 10.2) than in p53-negative tumours

(10.3 £ 8.7;P = 0.03). The rate of p53 positivity was

higher in 101 DNA-aneuploid and DNA-multiploid tudntroduction

mours (55%) than in 27 diploid and peridiploid carcino-

mas (33%§P = 0.0512). These results are consistent wilfhe prognosis of patients with lung cancer is generally

an in vivo role ofp53inactivation for increased prolifer-poor [5, 23, 31]. Some 30% are still operable at the time

ative activity and development of genomic instability iof diagnosis, and only a minority of them will be defi-

lung cancer. There was no association between SPF @itely cured by surgery. Sixty percent of the operated pa-

prognosis. Although prognosis was worse in DNA-anetients with non-small cell lung cancer (NSCLC) die

ploid and multiploid tumours than in diploid, peridiploidvithin 5 years after operation despite thorough preopera-

and tetraploid carcinoma® & 0.029), DNA ploidy was tive case selection [10, 31]. Improved prediction of the
individual prognosis of patients with NSCLC could help

P. Dalquen [(])t - H. Moch - G. Feichter - J. Torhorst to improve selection of patients who will benefit from
M.J. Mihatsch - G. Sauter surgery and from adjuvant treatment.
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The present study was undertaken to evaluate theA Mann-Whitney U-test was applied to examine the relation-
realtionship betweep53 alterations, tumour cell prolif- Ship between SPF and histological parameters, ploidypa8ta-
eration (S-phase fraction) and disturbed genomic Statﬁ . Contingency table analysis was applied to evaluate the rela-

- . nships between ploidyp53 status, and histological variables.
ty (as evidenced by DNA aneuploidy) and also to stuglife Kaplan-Meier method with a log-rank test was used for sur-

the prognostic significance of S-phase fraction and DN#al analysis. Cox regression analysis was used to test for inde-
aneuploidy in NSCLC. pendent prognostic significance.

Materials and methods Results

The tumour material consisted of formalin-fixed, paraffin-embed’® 220 tumours examined were made up of 129

ded tissue samples from 220 consecutive NSCLC patients tredf8.6%) squamous cell carcinomas, 64 (29.1%) adeno-
by resection with curative intent between 1980 and 1990 at t@rcinomas, and 27 (12.3%) large cell carcinomas. Sev-

University Hospital of Basel. All tumours were larger than 1 cm i@nty-three squamous cell carcinomas were poorly differ-

diameter. All lung resection specimens were grossly examined tiated, and 56 were well or moderately differentiated

cording to a standardized procedure. The lungs were fixed in %Fjl .
panded state with 4% buffered formalin (pH 7.4) and then cut inté!€re were 36 tubular or tubulo-papillary, 13 bronchoal-

slices 0.5-1.0 cm thick. All available lymph nodes were examingeolar, and 15 solid adenocarcinomas, thus 105 (47.7%)
histologically. The pTN stage was recorded according to the reff-the 220 carcinomas were rated as having low-grade

ommendations of the International Union Against Cancer (UIC 0 ; ivhe ;
[11]. The carcinomas were classified following the Internation(él)nd 115 (52.3%) as having high-grade malignancy.

Histological Classification of Tumours [49]. Poorly differentiated _tumour staging resulted in 50 (22.7%) pT1, 138
squamous cell carcinomas, solid adenocarcinomas and large (@2.7%) pT, 28 (12.7%) p%, and 4 (1.8%) pJtumours.
carcinomas were rated as having high-grade, all other carcinohgmph node metastases were seen in 106 (48.2%) pa-
as having low-grade malignancy. Overall survival data from ZE@mS' while 114 (52.7%) patients were classed as pNO.

cases were obtained from the Basel Cancer Registry (Direc - .
J.T.). There were 67 surviving patients to be monitored at the ti tastases were more frequent in,p190/170) than in

scheduled for their last clinical follow-up examination; 143 pd2T; tumours (16/50P = 0.01). There was no significant
tients had died. These 143 patients included 7 who had died withgsociation between histological type or grade and pres-
the first 2 months after operation and were not included in survighce of lymph node metastases (data not shown).

analysis. For DNA Ploidy the median coefficient of variation

Flow cytometry (FCM) was performed for DNA-measureme .
in 214 cases on 50m sections of formalin-fixed, paraﬁin-embedeV) was 5.3 (range 2.9-12.0) in all 214 tumours analy-

ded tumour tissue. The tissue block with the highest proportionsg#d by FCM. DNA ploidy was determined in the 145
non-necrotic tumour tissue was selected. A mild pepsin digest@7v.7%) cases with a diploid @/6%. Twenty-two of

was used for cell dissociation, as previously described [29]. Pellgi- C g Ctri
ed cells were then mixed up with 260C100T (2.1 g citric acid, _ eseftuhmosjlrs Wﬁre muIt_IQIOId.lZThe frequen%y d'sé”?]u
0.5 ml Tween 20/100 ml destilled water), shaken for 5 min afPn Of the DI in the remaining 123 tumours showed that
then left overnight at room temperature. Nuclei were stained withe DI was typically either between 1.4 and 1.7 or in the
4.5-diamino-2-phenyl-indole (DAPI). Dissociated nuclei werdiploid/peridiploid range (DI<1.2) (Fig. 1). Tumours

analysed with a PAS I flow cytometer (Partec). For each specimgith 3 DI between 1.4 and 1.7 were most frequently seen

10,000 to 20,000 events were collected. The Multicycle Program_ .
(Phoenix Flow Systems, San Diego, Calif.) was used for data azg;-_ 62), followed by tumours with a DI between 1.0 and

ysis. The lowest GO/G1-peak was considered to be diploid and giv2 (0 = 31). Ten of the tumours of the latter group were
en a DNA index (DI) of 1.00. The DI of other GO/G1 peaks was
calculated as the ratio of their GO/G1 peak channel number to the
diploid GO/G1 peak channel number of the histogram. Tumours 30
with a nondiploid GO/G1 peak with a DI < 1.2 were considered
peridiploid. Tumours were defined as DNA-diploid if only one 55|
GO/G1 peak was present and the G2M peaks were < 15%. If the |
G2/M peak was> 15% the presence of a tetraploid tumour cell |
population (DI 1.9-2.1) was suggested and the tumour was called20
DNA-tetraploid. Tumours with GO/G1 peaks not in the peridiploid. i u
or tetraploid range (DI > 1.2 < 1.9 or DI > 2.1) were considere& 154
aneuploid. Multiploid tumours were defined as having more thaf)
one nondiploid GO/G1 peak. The coefficient of variation (CV) was
calculated for each DNA-peak. Only tumours with a diploid 10-
CV< 6% were included in this study. The S-phase fraction (SPF) | -
was calculated separately for each DNA-peak. For statistical analy-
sis, diploid S-phase was used in DNA-diploid tumours, average S- |

phase in peridiploid tumours, and aneuploid S-phase in aneuploid

tumours. No S-phase calculation was done in multiploid tumours. ¢ | B 5 Y : :
The 220 cases included 204 that had previously been examined o 1 15 2 2.5 3 35 4

for nuclearp53 positivity [3]. The 4pum sections for immunohisto- DNA index

chemical studies were taken from the same tissue block as the sec-

tions for FCM. The rabbit polyclonal antibody CM-1 recognizingig. 1 DNA indices in 123 cases of non-small-cell lung carcino-

both wild-type and mutant p53 protein (1:4000/MEDAG, Hanma. The histogram shows the frequency distribution of DNA indi-
burg, Germany) was used. Immunostaining was performed as @& in non-multiploid lung carcinomas. Diploid, peridiploid, and

scribed elsewhere [21]. A tumour was considgr®8lpositive if an tetraploid tumours were defined as tumours with minor ploidy ab-
unequivocal nuclear positivity was seen in at least 1% of cells [3rrations. These are shown withrk shadinc;
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Table 1 DNA ploidy and tu-

mour phenotypeNSCLC non- Parameter n Diploid Peridiploid Tetraploid Aneuploid Multiploid
small-cell lung carcinoma
SQCLsquamous cell carcino- AIINSCLC 145 10 21 4 88 22
ma,ADCL adenocarcinoma, Histological type
LCCL large-cell carcinomi.) SQCL 84 5 14 2 52 11
ADCL 36 5 5 2 22 2
LCCL 25 0 2 0 14 9
Grade
Low 64 7 11 3 30 13
High 81 3 10 1 58 9
pT stagé
pT1 34 5 6 1 18 4
pT2 89 4 13 3 53 16
pT3 18 1 2 0 13 2
pT4 4 0 0 0 4 0
Nodal status
pNO 71 7 11 2 38 13
pN1 54 2 8 2 36 6
N2 20 1 2 0 14 3
aDifferences not significai:t P
Table 2 S-phase fraction§PFH and tumour phenotyj:2 Table 3 p530verexpression and DNA ploi y
n SPF n p53-positive
MediantSD (number of cases)
All NSCLC 127 12.9+10.5 DNA ploidy2
Histological type Diploid 9 3
SQC?_ P 74 16.6+11.5 Peridiploid 18 6
+ Peritetraploid 4 3
ADCL 38 7.546.7 |
LCCL 15 10.4%5.8 Qﬁ?t?ﬁg)igﬁ 1892 478
Gradé P
Low o7 8.1+11.1 aP=0.0512 for DNA diploid/peridiploid vs DNA aneuploid/multi-
High 70 14.949.6 ploid (Chi-square tes')
pT stage
pT1 32 9.7+9.1 _ _ _ _
pT2 76 13.6+10.7 in squamous cell carcinomas, lowest in adenocarcinomas,
DE 13 %g-gi—’izég and intermediate in large cell carcinomas. The difference
P o in SPF reached significance for squamous cell carcino-
NOdﬁgStaw@’ 63 1054105 mas and adenocarcinoma® ¢ 0.0001), while SPF of
BNl 46 17.419.8 large cell carcinomas did not differ significantly from that
N2 18 14.2+12.0 of other histological tumour types. SPF was significantl
p I I histolog ryp > SIg y
DNA ploidy type higher in high-grade than in Iow-g_rade malignaney=(
Minor ploidy aberration 18 7.045.5 0.001). Although SPF was lowest in pT1 tumours (9.7 £
Major ploidy aberration 78 16.5+10.5 9.1), there was no significant association between SPF
aSQCL vs ADCL;P<0.0001; ADCL vs LCCLP=0.066; SQCL vs aNd PT stage. SPF was significantly higher in node posi-
LCCL not significant tive than in node negative tumours, howewer 0.03). A
bP=0.001 o strong association was also found between a high S-phase
ZDl_fferenceS not significant and a disturbed cellular DNA-conteit £ 0.0006).
e bo-03 forNO vs N1 and N2 Almost half (101, or 49.5%) of the 204 NSCLC ex-

amined forp53 stained positivep53-Positive staining
predominated in peripheral areas in some tumours. Such
diploid and 21 were peridiploid. Both tetraploid £ 4) p53 positivity was associated with stage, grade, and his-
and hypertetraploid tumours € 5) were rare. There wastological tumour type. These results were expected, since
no significant difference in histological type, gradehe present set of patients represents a subset of a series
stage, or nodal status between tumours of differaftpatients for whom we have previously reported similar
ploidy status (Table 1). results [3]. There was a tendency towards a higher fre-
The S-phase fraction (SPF) was evaluable in 127 cagaency ofp53 positivity in DNA aneuploid/multiploid
and ranged from 0.4% to 56.8% with a median value tafours (55 of 101; 55%) than in diploid/peridiploid
12.9%. Ten percent of the tumours had an SPF higbarcinomas (9 of 27; 33%, = 0.0512; Table 353 Po-
than 28.7%. The relationship of SPF with histologicalvity was significantly related to a high SPF. SPF was
variables and DNA ploidy is given in Table 2. SPF wésgher inp53-positive (15.9 + 10.2) than ip53negative
strongly associated with tumour histology, being highasimours (10.3 + 8.7P = 0.010).
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Fig. 2 Nodal status and survival. Significant differencé3=( Fig. 4 Ploidy and survival. Survival was significantly longer
0.0007) are seen between 116 N&-f-and 94 N1 (——) tumours (P = 0.029) for the 23 tumours with minor ploidy aberrations (dip-
loid, peridiploid, tetraploid) (— than for the 74 tumours with
major DNA ploidy aberrations (aneuploid, multiploid) (---)

100
80 Discussion
S 60 The results of this study show that a disturbed cellular
[ DNA-content is (weakly) associated with poor prognosis
2 401 in lung cancer patients. The finding of a high SPF and an
N increased prevalence of DNA aneuploidy in tumours
20 4 with nuclear p53-positivity is consistent with an in vivo
role of p53inactivation for a disturbed cell cycle control
and increased genomic instability in lung carcinomas.

According to FCM on formalin-fixed tumour speci-
Years mens, a high fraction of tumours with a major aberration

. . i > 900 . i
Fig. 3 S-phase fraction (SPF) and survival. No significant diff in their DNA-content was found (> 90%). This propor

er- .. . . . . .
ence P = 0.4) was seen between 59 tumours with SPF median \jé?-n is in the range of prewous_studles in which fresh tis-
ue< 12.9% (—) and 57 tumours with SPF > 12.9% (-—) sue was used for flow analysis [18, 37, 48] but higher

than has been found in most studies performed on forma-
lin-fixed material [4, 25, 27, 34, 50]. This is probably
Nodal status R =0.0007, Fig. 2), pT stagePE due to our stringent criteria for FCM interpretation ana-

0.0001) and gradeP(= 0.001) were strong prognostidysing only tumours with a C¥6.0. Such CVs are in the
factors in this set of patients. The prognostic significannge that can usually be obtained from fresh tissues.
found for p53 positivity in node-negativeP(= 0.04) but Given the high number of DNA aneuploid cases in this
not in node-positiveR = 0.67) patients was expected bestudy, the lack of a significant association with tumour
cause this series of patients overlaps with a previouplyenotype is not surprising. While there was a tendency
published patient set in whom we reported a prognodtigvards a higher rate of DNA-aneuploidy in high-grade
relevance op53 positivity for node-negative lung carci-and high-stage tumours than in low-grade and low-stage
nomas [3]. SPF was not related to prognosis in this setwhours, this difference did not reach statistical signifi-
patients. This held true not only when all patients wetance. This weak relationship is consistent with the con-
examined (Fig. 3) but also in separate analyses of stibversial results in the literature, some authors having
groups of identical nodal status, stage, grade or histoldgiind an association between DNA aneuploidy and tu-
cal tumour type (data not shown). The analysis of thur phenotype [4, 14, 25, 47, 50] while others have
prognostic value of DNA ploidy information was hambeen unable to confirm these results [27, 28, 37].
pered by the low number of diploid or peridiploid tu- It has been suggested that progression of malignant
mours. Therefore, diploid, peridiploid, and tetraploid tdumours is accompanied by sequential changes in the
mours (tumours with minor aberrations) were grouped tellular DNA-content. Development of DNA aneuploidy
gether for survival analysis and compared with aneupldsdbelieved to occur through tetraploidization of previ-
and multiploid tumours (tumours with major aberrationsjusly diploid or peridiploid tumours and a subsequent
This analysis revealed a significantly better prognosis foss of chromosomal material [9, 39]. In the light of this
tumours with minor ploidy aberrations than for aneuplotd/pothesis, the frequency distribution of DNA-indices
or multiploid tumours P = 0.029; Fig. 4). Multivariate found in this study argues for a high degree of genetic
analysis examining the prognostic significance of nodaktability in lung cancer. There are only a few tumours
status, stage and ploidy simultaneously revealed no indgh a DI in the DNA-tetraploid (DI 1.9-2.1) or hypotet-
pendent prognostic significance of DNA ploidy, howeveraploid (DI 1.7-1.9) range, suggesting that these tumours
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are genetically highly unstable after tetraploidization, reeen in several earlier studies [5, 10, 23], and provides
sulting in a rapid loss of a significant amount of genomiiedirect evidence of the validity of our survival data al-
material. The low number of tumours with a diploid ahough overall survival data were used. To evaluate the
peridiplopid DI and the high frequency of DNA aneuprognostic significance of DNA ploidy alterations, tu-
ploid tumours with a comparatively low DI (1.4-1.7jnours were categorized into those with minor and those
suggest that lung carcinomas are at a genetically aith major ploidy aberrations. Diploid, peridiploid and
vanced stage at the time of diagnosis, which could te¢raploid tumours were considered to have minor DNA-
one of the reasons for the malignant behaviour and pptoidy aberrations and aneuploid and multiploid tu-
prognosis of these tumours. mours, to have major ploidy aberrations, since these tu-
The strong association found between SPF and DN#urs had presumably undergone tetraploidization and a
aneuploidy, high tumour grade, and lymph node metastbhsequent DNA loss. Using this definition, prognosis
tases found in this set of patients is consistent with thias significantly better for tumours with minor aberra-
results of other studies [8, 46]. Interestingly, SPF whgns than for those with major aberrations. This result
dramatically higher in squamous cell carcinomas thanntust be interpreted with caution, since earlier studies
adenocarcinoma#$(< 0.0001). While some authors havéad yielded conflicting results on the prognostic rele-
previously failed to find proliferation differences bevance of ploidy aberrations in lung cancer [2, 15, 20,
tween histological tumour types [35], our results are #%—27, 32-34, 37, 42, 45, 47, 48] and the prognostic rel-
line with studies comparing the proliferating cell nucleavance of ploidy aberrations was not independent of nod-
antigen (PCNA) between different histological tumowl involvement and pT stage in this study. However, if
types [1, 36]. Additional studies are needed to evaluatgr results are confirmed, DNA-ploidy determination
whether the high SPF in squamous cell carcinoma is ceuld have some practical relevance in the preoperative
lated to the expression of specific growth receptor pmvaluation of lung cancer patients. Information on ploidy
teins, such as epidermal growth factor receptor (EGFRan be obtained from small biopsies or cytological speci-
EGFR is frequently expressed in squamous cell carcimoens before nodal involvement, and the pT stage can be
mas and was found to be related to rapid tumour cdéitermined with certainty. In contrast to ploidy, SPF was
proliferation in bladder, head and neck, and other st associated with prognosis in this study. This is in
mours [16, 30, 38]. agreement with the observations of some investigators,
The p53 gene is a tumour suppressor gene and imdt conflicts with the results of others who have shown a
volved in the development and progression of many newoirelation between survival and SPF in lung cancer [6,
plasms [12]. Inactivation ofp53 occurs, frequently, 13, 24, 41].
through deletion of one allele with concomitant mutation In summary, the results of this study show that nucle-
of the other allele. Since many mutations of gb8gene ar p53 positivity is linked to a high proliferation rate and
result in a prolonged half-life of the proteip53 muta- DNA aneuploidy in NSCLC. This result is consistant
tions can be detected by immunohistochemistry [7], anith a role ofp53inactivation for increased proliferative
we have recently shown that nucl@®3 positivity is as- activity and genomic instability in lung cancer. Major
sociated with poor prognosis in node-negative NSClgloidy aberrations, but not a high SPF, were related to
[3]. While the exact function gb53 is still not clear, it poor patient prognosis, but this was not idependent of tu-
has been shown that the protein can act as a cell cystaur stage or nodal status. We conclude that flow cyto-
checkpoint and that it is involved in the regulation of ametrical evaluation of ploidy and S-phase on resected
optosis control, DNA repair, and genomic stability [L17NSCLC specimens has little practical relevance.
A major aim of this study was therefore to evaluate the
relationship ofp53 aberrations and parameters for irﬁCkEﬁ\rf]Vé?ggeffgrené)s(;nllznilutggﬁ ig;? gtslﬁlsfgaggggegnéo t'(\)/lri/-I rE-B
Creaseq tl.Jmour. ?e” proliferation (hlgh SPF) or mcreas%lgz:Gandy for critical reading of the manuscript’. This work was
genomic instability (DNA aneuploidy). The higher freg,,orted by the Krebsliga beider Basel.
quency ofp53 overexpression in DNA-aneuploid/multi-
ploid tumours than in diploid/peridiploid carcinomas
(P =0.0512) is consistant with an increased genomic Wéferences
stability in p53-altered lung tumours. The finding of a
significantly higher SPF in p53-positive thanpiB3neg- 1 carey FA, Fabbroni G, Lamb D (1992) Expression of prolifer-
ative tumours fits in well with the hypothesis of a dis- ating cell nuclear antigen in lung cancer: a systematic study
turbed cell cycle control ip53-inactivated tumours. This  and correlation with DNA ploidy (see comments). Histopa-
finding is in contrast to the results of Morvke et al., whq, thology 20:499-503

. . - . Cibas ES, Melamed MR, Zaman ME, Kimmel M (1989) The
could not find a relationship betwepb3expression and effect of tumour size and tumour cell DNA content on the sur-

SPF by FCM [22]. However, a positive correlation be- vival of patients with with stage | adenocarcinoma of the lung.
tweenp53 alterations and proliferation parameters have Cancer 63:1552-1556

recently been reported for various tumours, including- SDC?IE:J‘EAH gfulia#t?\; ifg’ts-gﬁrrl;'ﬂohDISt é]EdSz;'t éO{SSSG)PN tglgf:fggf,
bladder_ and prOState cancer [21, 43]. overexp'ression is an independént prognostic parameter in node
Survival analysis showed that tumour stage, grade andhegative non small cell lung carcinoma. J Pathol (Lond) 178:

nodal status were strongly associated with prognosis, as3-58
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