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Diploid Predominance and Prognostic Significance 
of S-phase Cells in Malignant Mesothelioma 

S. PyrhGnen, A. Laasonen, L. Tammilehto, J. Rautonen, S. Anttila, K. Mattson 
and L.R. Holsti 

70 histologically verified, malignant mesotheliomas were analysed by flow cytometry for DNA content and S- 
phase fraction (SPF) of tumour cells. 60% (42/70) were DNA diploid. 18 of the 28 aneuploid turnouts were near- 
diploid with DNA indices of 1.3 or less. SPF could be calculated in 51 cases. SPF was significantly higher in 
aneuploid (median 16.0%) than in diploid tumours (median 5.6%). DNA ploidy was not a prognostic determinant; 
survival was the same for both aneuploid and diploid turnours. SPF, however, was significantly correlated 
(P = 0.039) with prognosis. Patients who had turnouts with a low SPF survived almost twice as long as those 
with a high SPF. Thus malignant mesothelioma has a peculiar DNA ploidy pattern compared with many other 
solid turnours, with a predominance of diploid or near-diploid type cells. As in many other tumours, SPF may be 
used as a clinically relevant prognostic indicator. 
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INTRODUCTION 
DNA FLOW CYTOMETRY (FCM) analysis of malignant tumours 
provides information on DNA ploidy and the proliferative 
activity of tumour cells, which may be correlated with clinical 
characteristics to identify prognostic factors and to increase 
knowledge of tumour biology. Malignant mesothelioma is 
increasing in frequency in most countries, with the use of 
asbestos between 194tX1970 [l-S]. However, little is known of 
the biology of mesothelioma, and only limited information is 
available from DNA FCM [6, 71. 

Our group has examined systematically various biological 
characteristics of malignant mesotheliomas such as chromo- 
somes [8], tn vitro growth ability [9] and asbestos fibre content 
[lo], as well as clinical aspects of this disease [ll]. We use 
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thoracotomy for routine staging in the management of mesotheli- 
oma. This provides samples for histological verification as well 
as for other methods of tissue examination, such as FCM. 

For this report we have analysed DNA ploidy profiles and 
the proliferative activity of 70 histologically verified malignant 
mesotheliomas by measuring the S-phase fraction (SF) of 
tumour cells. We have also correlated FCM parameters with 
prognosis, with the specific aim of testing the clinical application 
of FCM in the examination panel for malignant mesothelioma. 

Patients 
PATIENTS AND METHODS 

Tumour samples were obtained from 70 patients with malig- 
nant mesothelioma all diagnosed and treated at the Helsinki 
University Central Hospital between 1978 and 1989. Histological 
diagnosis and subtyping was done by the panel of the Lung 
Cancer Cooperative Group of the European Organization for 
Research and Treatment of Cancer. The patients participated 
in clinical trials of multimodality therapy [l l] consisting of 
debulking surgery, chemotherapy and hemithorax irradiation 
(Table 1). 
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Table 1. Patients’ characteristics 

No. 

Mean age (yr) (range) 

MIF 

Pleural mesotheliomas 
I 
IIA 
IIB 
IIIA 
IIIB 
IV 

Peritoneal mesothelioma 

Histological subtype 
Epithelial 
Fibromatous 
Mixed 
Unknown 

70 

57 (24-80) 

54116 

66 
13 
40 

1 
1 
9 
2 

4 

25 
5 

39 
1* 

*Insufficient sample for detailed subtyping. 

DNA analysis 
For the DNA analysis only one fresh-frozen biopsy specimen 

was available. The analysis in this single case was done as 
described [ 121. DNA measurement from paraffin blocks was 
done as described by Hedley et al. [ 131 with slight modifications 
[14] as follows. One 50 km section cut by microtome was 
deparaffinised, rehydrated and digested overnight with 0.25% 
trypsin (Orion Diagnostica, Helsinki), in a 10 mmol/l Tris-HCl 
buffer pH 7.5 containing 1 mmol/l Na-EDTA and 0.3% non- 
ionic detergent (Nonidet P40, BDH). The cells were stained 
with propidium iodide 50 mg/l (Sigma) in Tris-HCl containing 
1 mg/ml RNAse I (Sigma). Immediately before analysis the 
samples were filtered through a 30 pm nylon mesh. 

DNA was analysed with an EPICS C flow cytometer (Coulter 
Electronics, Hialeah, Florida) equipped with a 2 W argon-ion 
laser. Excitation of propidium iodide occurred at 488 nm, 
and the fluorescent emission was measured above 590 nm. A 
minimum of 15 000 nuclei from each specimen were analysed. 

Tumours were classified as aneuploid if there was a second 
Gl peak in addition to the diploid Gl peak. The DNA index 
was calculated as the ratio of the aneuploid stem line Gl DNA 
peak channel to the diploid stem line Gl DNA peak channel. 
The peak with least DNA content was considered to represent 
diploid cells in paraffin material. In the fresh-frozen sample 
chicken and trout red blood cells were used as internal DNA 
standards. The coefficient of variation (half-width method) was 
determined by the Statpack program (Coulter). The mean 
coefficient of variation for diploid G,,/G, peaks was 4.8 (S.D. 
1.3, range 1.9-9.38). SPF was calculated as described [14], 
based on the assumption that SPF is a rectangle between the 
GJG, and GJM phases of the cell cycle [ 151. Counts per channel 
in the mid S-phase (10 channels) were calculated and multiplied 
by the number of channels between the GdGi- and GJM-peaks 
to obtain the total SPF. In aneuploid tumours, where clear 
separation of diploid and aneuploid cell cycle phases were 
detected, counts per channel within 10 channels near the aneu- 
ploid GJM phase were calculated and multiplied by the number 
of channels between the aneuploid GdGI- and GJM-peaks. 
When multiple samples were available the highest SPF value 
was used. Samples with a coefficient of variation greater than 
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Fig. 1. Distribution of DNA indices in mesotheliomas. 

8.0%, a large amount of debris or with near-diploid aneuploidy 
were excluded from the cell cycle analysis. 

Statistical methods 
All statistical analyses were performed with the BMDP. 

Differences between groups were analysed by the likelihood 
ratio x2 (G2) test or analysis of variance (ANOVA). Survival 
curves were constructed by the product-limit method; groups 
were compared with Mantel-Cox’s test. Brookmeyer-Crowley 
95% confidence intervals for median survival time are reported. 

RESULTS 
60% (42170) of the tumour samples were DNA diploid and 

40% were aneuploid. DNA indices ranged from 0.81 to 2.52 
(Fig. 1). The fresh tumour sample had a hypodiploid clone. 18 
of the 28 aneuploid tumours (paraffin-embedded) were classified 
as near-hyperdiploid, having DNA indices of 1.3 or less. If 
diploid and near-diploid tumours were grouped together, 86% 
(60/70) of the tumours were in this category. Tetraploid tumours 
with DNA indices of 1.90-2.10 were observed in 3 cases (4%). 
The SPF could be calculated in all but 1 of the diploid tumours, 
but in only 9 out of the 28 aneuploid tumours. Median SPF was 
5.6% (range 1.2-19.9) in DNA diploid and 16.0% (1.s35.0) in 
aneuploid tumours (Table 2). This difference was significant 
(P = 0.026). 

The survival data for the patients were compared with the 
FCM results. DNA ploidy did not correlate with prognosis. The 
median survival of patients with DNA diploid tumours was 12.8 
months and for those with DNA aneuploid tumours 12.7 
months. In contrast, SPF correlated with the course of the 
disease. Median survival for patients with low SPF tumours was 
nearly twice as long as that for the patients with high SPF 
tumours. Patients with low (at median or below median) and 
high (above median) SPF diploid tumours survived for 14.0 and 
7.6 months, respectively, and those with aneuploid tumours for 

Table 2. Proportions of S-phase cells in diploid and aneuploid 
mesotheliomas 

Ploidy 
No. 

measured Median (%) Mean (%) 95% CI 

Diploid 41 5.6 6.8 5.4-8.2 
(n = 42) 

Aneuploid 9 16.0 16.1 8.2-24.0 
(n = 28) 
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Table 3. Median survival of mesothelioma patients correlated with 
proportion of S-phase cells 

Ploidy S-phase 
cells (%) 

Median P 
survival 

(mo) 

Diploid 
A 
B 

i 5.6 (median) 
> 5.6 

14.0 
7.6 

0.099 

Aneuploid 
C 
D 

5 16 (median) 17.6 
> 16 8.9 

0.358 

Combining groups 
A+C 
B+D 

14.0 
8.9 

0.039 

17.6 and 8.9 months, respectively (Table 3). Combining the 
results from diploid and aneuploid tumours and with the median 
SPF as a cut-point, patients with SPF above the median survived 
significantly less time than those with SPF at or below the 
median (Table 3, Fig. 2). 

DISCUSSION 
Flow cytometric DNA analysis is rapid, objective, reproduc- 

ible and feasible for routine examinations not only of fresh tissue 
but also of fixed paraffin-embedded samples [ 131. We did FCM 
on 70 histologically confirmed cases of malignant mesothelioma, 
to establish DNA ploidy and SPF. We found a predominance 
of diploid and near-diploid tumours; only 14% had a DNA 
index greater than 1.3. 

Although the frequency of malignant mesothelioma is increas- 
ing rapidly, there is little FCM information on this malignancy. 
Frierson et al. examined ploidy profile from 19 formalin-lixed, 
paraffin-embedded mesothelioma specimens [6]. 9 (47%) were 
diploid, 7 (37%) were clearly aneuploid and the remaining 
3 tumours were probably near-diploid with DNA index of 
hyperdiploid type. They further analysed the DNA content 
of 28 fresh pleural effusion specimens containing abundant 
proliferating mesothelial cells. In a study by Burmer et al. [7] 
of paraffin-embedded specimens from 46 cases of malignant 
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Fig. 2. Survival of patients with malignant mesotheliomas related to 
SPF. a-a = patients with SPF higher than median (in diploid 
turnours, * 5.6; in aneuploid tumours * 16.0). O-0 = patients 

with SPF at median or below median. 

mesothelioma, 65% were diploid. This is consistent with our 
observations on a larger group of patients. Consequently, the 
conclusion by Frierson et al. that DNA aneuploidy in an effusion 
specimen containing atypical mesothehal cells would strongly 
support a diagnosis of mesothelioma may not be justified. 
Aneuploidy cannot be considered a good diagnostic marker for 
malignant mesothelioma. 

Unlike many other solid tumour types, diploid or near-diploid 
predominance seems to be a peculiar feature of malignant 
mesotheliomas. In almost all the other malignant solid tumours 
(except malignant lymphomas) aneuploidy is predominant and 
DNA indices are frequently above 1.3-i.e. not in the near- 
diploid range [16, 171. This is particularly true for lung cancer, 
where the predominance of aneuploidy has been reported, 
according to most studies, in 8&96% of tumours [18-211. We 
have no explanation for the similarity between mesothelioma 
and lymphoma, or the dissimilarity between mesothelioma and 
other non-lymphoid solid tumours. Recently we have detected 
among colorectal tumours a subgroup with family history of 
fairly similar DNA ploidy distribution [ 141. Two other reports 
have proposed a familial history in malignant mesotheliomas 
[22, 231. 

The prognostic significance of FCM DNA parameters has 
been evaluated in most of the major human malignancies. To 
date, no such knowledge has been available for malignant 
mesothelioma. In many solid tumours some disagreement exists 
on the prognostic value of DNA ploidy [ 14, 17-201. Frequently, 
DNA aneuploid tumours have been more readily associated 
with unfavourable prognosis than have diploid tumours. This 
has not, however, been a consistent finding. In some cases, no 
difference between diploid and aneuploid tumours was observed 
[ 171, and this was the finding in our study of malignant mesotheli- 
oma. Sometimes the natural differences in clinical behaviour of 
diploid and aneuploid tumours may be masked by a greater 
sensitivity to therapy of aneuploid tumours. Aneuploid neuro- 
blastomas [24] have been reported to be more sensitive to 
chemotherapy than diploid neuroblastomas. Also, in microcellu- 
lar lung cancer, near-diploid type tumours might be more 
resistant to chemotherapy than hyperdiploid tumours [25]. 

Interestingly, similar findings have been observed in radiosen- 
sitivity of certain malignancies. Aneuploid laryngeal cancers 
[26], carcinomas of the oral cavities (271 and the cervix uteri 
[28] as well as bladder carcinomas [29] have been reported to be 
more radiosensitive than their diploid counterparts. This has 
probably contributed to the better prognosis of patients with 
aneuploid tumours after curative radiotherapy in these tumour 
groups [26, 271. On the other hand, in most of the studies of 
tumours treated primarily by surgery, such as breast cancer and 
colorectal malignancies, aneuploidy indicates a less favourable 
prognosis [ 171. In malignant mesotheliomas the significance 
of aneuploidy compared with diploidy in different treatment 
modalities is unknown and cannot be estimated from our study 
because of the limited number of patients. The degree of 
significance will, however, be an interesting future aspect of this 
research. However, our finding of predominant diploid or near- 
diploid DNA pattern may reflect the general resistance of 
mesotheliomas to current therapies [30, 3 l] as reported in other 
malignancies [2&29]. 

SPF could be measured in our study in all except 1 of the 
diploid tumours but in only one third of the aneuploid tumours. 
In two thirds of the aneuploid tumours, the aneuploid peak 
invariably made analysis unreliable due to the near-diploid 
type of the histograms. In the tumours where SPF could be 
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determined, median SPF was almost three times higher in 
aneuploid than in diploid tumours. Similar findings have also 
been observed in other malignancies [ 171. 

As with ploidy pattern, SPF has prognostic value in solid 
tumours [17]. In the present study, low SPF indicated good 
prognosis. Patients with SPF at or below median SPF had 
almost twice as long median survival as those with high SPF. 
This makes FCM analysis a useful tool in the clinical research 
of malignant mesothelioma. It still remains to be seen whether 
this FCM variable can be used as a guideline for selecting a 
treatment strategy for each patient. Further expansion of this 
study, and multivariate analysis of other tumour indices as well 
as treatment results, will hopefully provide more information. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Nicholson WJ, Perkel G, Se&off IJ. Occupational exposures to 
asbestos: population at risk and projected mortality, 1980-2030. 
AmJ IndustMed 1982,3,259-311. 
Walz R, Koch HK. Malignant pleural mesothelioma: some aspects 
of epidemiology, differential diagnosis and prognosis. Histological 
and immunohistochemical evaluation and follow-up of mesotheli- 
omas diagnosed from 1964 to January 1985. Path01 Res Pratt 1990, 
186, 124-134. 
Zaunbrecher FM. Asbestos fiber exposer and lung tumors. Cancer 
Bull 1985,37,148-150. 
Spirtas R, Beebe GW, Connelly RR, et al. Recent trends in 
mesothelioma incidence in the United States. Am J Indust Med 
1986,9,397-407. 
Weissmann LB, Antman KH. Incidence, presentation and promis- 
ing new treatments for malignant mesothelioma. Oncology 1989,3, 
67-72. 
Frierson HF, Mills SE, Legier JF. Flow cytometric analysis of 
ploidy in immunohistochemically confirmed examples of malignant 
eoithelial mesothelioma. Am 7 Clin Path01 1988.90.240-243. 
Burmer GC, Rabinovitch I’S, Kulander BG, ‘R&h V, McNutt 
MA. Flow cytometric analysis of malignant pleural mesotheliomas. 
Hum Path01 1989,20,777-783. 
Tiainen M, Tammilehto L, Rautonen J, Tuomi T, Mattson K, 
Knuutila S. Chromosomal abnormalities and their correlations with 
asbestos exposure and survival in patients with mesothelioma. BrJ 
Cancer 1989,60,618-626. 
Pelin-Enlund K, Husgafvel-Pursiainen, Tammilehto L, et al. 
Asbestos-related malignant mesothelioma: growth, cytology, tumo- 
rigenicity and consistent chromosome findings in cell lines from 
five patients. Carcinogenesis 1990,11,673-681. 
Tuomi T, Sederberg-Konttinen M, Tammilehto L, Tossavainen 
A, Vanhala E. Mineral fiber concentration in lung tissue of meso- 
thelioma patients in Finland. AmJ Zndust Med 1989,16,247-254. 
Holsti LR, Mattson K, Tammilehto L, Kouri M. Surgery followed 
by hemithorax-upper abdomen irradiation combined with multiple 
drug chemotherapy in malignant pleural mesothelioma. In: Karcher 
KH, ed. Progress in Radio-Oncology III. Vienna, Kleinoffset druck 
Hoffmann, 1987,27&273. 
Pyrhonen S, Liewendahl K, Muhonen T, et al. Anti-melanoma 
antibodies bind preferentially to diploid metastases in immunoscin- 
tigraphy. Nucl Med Commun 1990,11,597-605. 
Hedley DA, Friedlander ML, Taylor IW, Rugg CA, Musgrove 
EA. Method for analysis of cellular DNA content of paraffin- 
embedded pathological material using flow cytometry. 3 Histochem 
Cytochem 1983,31,1333-1335. 
Kouri M, Laasonen A, Mecklin J-P, Jarvinen H, Franssila K, 
Pyrhonen S. Diploid predominance in hereditary nonpolyposis 

colorectal carcinoma evaluated by flow cytometry. Cancer 1990,65, 
1825-1829. 

15. Baisch H, Grohde W, Linden WA. Analysis of PCP-data to 
determine the fraction of cells in the various phases of the cell cycle. 
Radiat Environ Biophys 1975,12,31-39. 

16. Buchner W, Hiddemann W, Wormann B, et al. Differential pattern 
of DNA-aneuploidy in human malignancies. Path Res Pratt 1985, 
179,310-317. 

17. Kallioniemi OP. DNA flow cytometry in oncology-methodology 
and prognostic value in breast and ovarian cancer. Acta Universitatis 
Tamperensis serA 1988,249, l-90. 

18. Volm M, Mattern J, Sonka J, Vogt-Schaden M, Wayss K. DNA 
distribution in non-small cell lung carcinomas and its relationship 
to clinical behavior. Cytometry 1985,6,348-356. 

19. Zimmerman PV, Hawson GAT, Bint MH, Parsons PG. Ploidy as a 
prognostic determinant in surgically treated lung cancer. Lancet 
1987, ii, 530-533. 

20. Tirindelli-Danesi D, Teodori L, Mauro F, et al. Prognostic signifi- 
cance of flow cytometry in lung cancer. A S-year study. Cancer 
1987,60,84C851. 

21. Yoss EB, Berd D, Cohn JR, Peters SP. Flow cytometric evaluation 
of bronchoscopic washings and lavage fluid for DNA aneuploidy as 
an adjunct in the diagnosis of lung cancer and tumors metastatic to 
the lung. Chest 1989,96,54-59. 

22. Risberg B, Nickels J, Wagermark J. Familial clustering of malignant 
mesothelioma. Cancer 1980,45,2422-2427. 

23. Martensson G, Larsson S, Zettergren L. Malignant mesothelioma 
in two pairs of siblings: is there a heredity predisposing factor? Eur 
JRespirDis 1984,65,17%184. 

24. Look TA, Hayes M, Nitscke R, McWilliams NB, Green AA. 
Cellular DNA content as a predictor of response to chemotherapy 
in infants with unresectable neuroblastoma. N EngZJ Med 1984, 
311,231-235. 

25. Abe S, Tsuneta Y, Makimura S, Itabashi K, Nagai T, Kawakami 
Y. Nuclear DNA content as an indicator of chemosensitivity in 
small-cell carcinoma of the lung. Anal @ant Cytol Histol 1987, 9, - _ 
425-428. 

26. Goldsmith MM, Cresson DS, Postma DS, Askin FB, Pillsbury HC. 
Significance of ploidy in laryngeal cancer. Am 3 Surg 1986, 152, 
396-402. 

27. Franzen G, Olofsson J, Tytor M, Klintenberg C, Risberg B. 
Preoperative irradiation in oral cavity carcinoma. A study with 
special reference to DNA pattern, histological response and prog- 
nosis. Acta Oncoll987,26,349-355. 

28. Dyson JED, Joslin CAF, Rothwell RI, Quirke P, Khoury GG, Bird 
CC. Flow cytofluorometric evidence for the differential radiores- 
ponsiveness of aneuploid and diploid cervix tumours. Radiother 
Oncoll987,8,263-272. 

29. Jacobsen AB, Fossa SD, Lunde S, Melvik JE, Pettersen EO. 
Flow cytometric DNA measurements in paraffin-embedded bladder 
carcinoma tissue before and after precystectomy radiotherapy. 
Radiother Oncoll987,10, 149-155. 

30. Adams VI, Unni KK, Muhm JR, Jett JR, Ilstrup DM, Bernatz 
FE. Diffuse malignant mesothelioma of pleura. Diagnosis and 
survival in 92 cases. Cancer 1985,58, 1540-1551. 

31. Albers AS, Falkson G, Goedhals L, Vorobiof DA, Van Der Merwe 
CA. Malignant pleural mesothelioma: a disease unaffected by 
current therapeutic maneuvers.3 Clin Oncoll988,6,527-535. 

Acknowledgements-We thank the EORTC mesothelioma panel, MS 
Paivi Laurila and Tuula Sariola for skilled technical assistance and 
MS Raija Vassinen for typing the manuscript. This investigation was 
supported by grants awarded by the Finnish Cancer Society and the 
Research Foundation of Laake-Farmos Oy. 


