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ABSTRACT —— Background and Objective. The cytologic diagnosis of malignant pleural mesothelioma (MPM) in
effusion smears is important, as most patients first present with pleural effusion. However, the lack of both well-
established immunocytochemical markers and definite cytological criteria for MPM makes it difficult to discrimi-
nate MPM from reactive mesothelial cells (RMC) in effusion. Moreover, the presence of both MPM cells and RMC
in effusion specimens from the same patient makes differentiation more difficult. The homozygous deletion of the
CDKN2A/p16 gene in the 9p21 locus frequently occurs in MPM but has never been reported in RMC. The aim of
this study was to define the cytomorphological characteristics of MPM cells in effusion by identifying them on the
basis of the presence of p16 homozygous deletion by means of fluorescence in situ hybridization (FISH). Study De-
sign. For the above purpose, cells on smear preparations were recorded using a virtual microscope system, and
then analyzed by FISH. Thereafter, p16 homozygous deletion-positive cells were identified in the recorded virtual
slides, followed by analysis of their morphological characteristics. Results. Compared with p16 deletion-negative
RMC, p16 homozygous deletion-positive mesothelioma cells exhibited significantly more frequent cell-in-cell en-
gulfment including hump formation, multinucleation (in particular, more than 3 nuclei), and larger multicellular
clusters composed of more than 10 cells. Conclusion. The above findings were useful in the cytological differentia-
tion of MPM from RMC cells. The combination of virtual microscopy and FISH was also shown to be useful for tu-
mor morphological analysis.
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Figure 1. A. Role of the p16 tumor suppressor gene in cell cycle regulation. p16 regulates the phos-
phorylation of the Rb protein through inhibition of cyclin-dependent kinase 4 (Cdk4). B. The outline of
pl6 (9p21 locus) on FISH. A normal pattern shows 2 signals in each in a nucleus for the red
fluorescence-labeled 9p21 locus probe and the green fluorescence-labeled centromere probe. Homozy-

gous and heterozygous deletion demonstrates loss of both or one of the 9p21 signals (red), respectively.
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Determination of cutoff values for homozygous
and heterozygous deletions based on the results
of p16 FISH in tissue sections

> 4

Recording of cells on smear preparations using
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positive tumor cells on recorded slides

¥
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Figure 2. An overview flowchart of the morphological
analysis of p16 homozygous deletion-positive mesothelioma
cells.
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Figure 3. pl6 FISH patterns in tissue sections of reactive mesothelial hyperplasia
(RMH) (A) and malignant pleural mesothelioma (MPM) (B). The numbers of cells exhibit-
ing each p16 FISH pattern are shown (mean *standard deviations of the mean). Based

on the results shown in A, cutoff values for homozygous and heterozygous deletions
were set as 10% and 50%, which are shown as dotted lines in B. In MPM, homozygous
or heterozygous deletion-positive tumors were 93% (42/45) and 24% (11/45), respectively.
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Figure 4. pl6 FISH patterns in cytologic preparations of reactive mesothelial hyperplasia
(RMH) (A) and malignant pleural mesothelioma (MPM) (B). According to the cutoff values de-
termined in p16 FISH in tissue, all MPM cases were homozygous deletion-positive, whereas all
RMH cases were negative for both homozygous and heterozygous deletions. Two cases of
MPM were also positive for heterozygous deletion.
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Figure 5. Cytologic features of mesothelioma cells harboring homozygous deletion on p16 FISH. The right-sided
photos are p16 FISH photos, while the left-sided ones are Papanicolaou-stained smears. The same cells are shown in

the right- and left-side photos of A, B and C, respectively. Cell-in-cell engulfment with (B) or without (A) hump forma-
tion and bi- or trinucleation (C) are shown.
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Figure 6. Cytologic features of mesothelioma cells with 9p21 homozygous deletion and reac-
tive mesothelial cells with a normal 9p21 pattern. A. The presence of cell-in-cell engulfment
with or without hump formation and multinucleated cells was examined in mesothelial cells
demonstrated to have 9p21 homozygous deletion on FISH analysis (total, 1198 cells from 10 me-
sothelioma cases), and reactive mesothelial cells shown to have the normal 9p21 pattern on
FISH analysis (total, 1131 cells from 10 reactive pleural effusion cases). For this purpose, cells
with 9p21 homozygous deletion or a normal pattern were marked on the photos recorded by
the virtual microscope system, and were then subjected to morphological analysis. B. The
numbers of multicellular clusters were examined according to their sizes in 1731 cells obtained
from 9p21 homozygous deletion-predominant mesothelioma cases and 1939 cells from reactive
pleural effusion cases with the normal 9p21 pattern.

Table 1. p16 (9p21) Deletion in Mesothelioma - Assessment by FISH

Homozygous deletion Heterozygous deletion
T/C mesothelioma RMC mesothelioma

Chiosea et al. 2008 T 35/52 (67%) 0/40 (0%)

Dacic et al. 2008 T 21/35 (60%)

Takeda et al. 2010 T 35/40 (88%) 0/18 (0%)

Illei et al. 2003 C 12/13 (92%) 0/19 (0%)

Onofre et al. 2008 C 16/33 (48%) 0/39 (0%) 14/33 (42%)
Chung et al. 2010 T 23/54 (43%) 0/11 (0%) 10/54 (19%)

Our study T 42/45 (93%) 0/34 (0%) 11/45 (24%)

RMC, reactive mesothelial cells; T, tissue; C, cytology.
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