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p14°5F 15N and p16™42 Inactivation in MPNSTs

Variable

No. of

pt

4ARF

p1 5INK4b

p1 6!N Kaa

Table 1. Associition between clinicopathological variables and immunohistochemical results of p1 1487,
pui 5“‘!!\4?)’ qnd p‘i 6”\“\46

patients

Preserved Decreased P

Preserved Decreased P

Preserved Decreased P

Clinical variables {primary cases, n = 85)

1
i
!

Age, y
<50 46 24 22 0.93 21 25 0.96 22 24 0.58
>50 39 20 19 18 21 21 18
Sex
Male 45 26 19 024 22 23 0.56 20 25 0.23
Female 40 18 22 17 23 23 17
NF1
Present 33 16 17 0.63 14 19 0.61 15 18 0.45
Absent 52 28 24 25 27 28 24
Site
Extremity 38 20 18 0.98 17 21 0.29 19 19 0.77
Trunk wall 20 10 10 12 8 9 11
Head and neck/ 27 14 13 10 17 15 12
retroperitoneum/
viscerai/spine
Tumor depth
Superficial 21 12 9 057 12 9 023 9 12 0.41
Deep 64 32 32 27 37 34 30
Tumor size
<5cm 24 15 9 0.21 16 8 0.015 15 9 0.17
>5cm 61 29 32 23 38 28 33
Adjuvant therapy
Given 3 0 3 011 2 1 059 2 1 1.00
Naot given 82 44 38 37 45 41 41
AJCC staging
| 26 14 12 021 14 12 083 14 12 0.81
il 41 21 20 16 25 22 19
il 14 8 6 7 7 6 8
v 3 0 3 1 2 1 2
Pathological variables (all cases, n = 129)
Tumor necrosis
No necrosis 63 37 26 0.30 39 24 0.17 34 29 0.28
<50% 52 23 29 24 28 31 21
>50% 14 7 7 6 8 5 9
Mitotic counts
0-9/10HPF 84 45 39 011 42 42 042 41 43 0.11
10-19/10HPF 17 5 12 9 8 9 8
>20/10HPF 28 17 11 18 10 20 8
Ki-67~labeling index
0%-9% 31 20 11 0.043 13 18 0.33 17 14 0.94
10%-29% 57 32 25 32 25 30 27
>30% 41 15 26 24 17 23 18
Microvessel density
<15/HPF 64 29 35 0.13 33 31 0.66 31 33 0.19
>15/HPF 65 38 27 36 29 39 26
Rhabdomyoblastic differentiation
Present 16 5 i 0.074 8 8 077 7 9 0.37
Absent 113 62 51 61 52 63 50
Epithelioid feature
Present 8 2 6 011 2 6 0.091 4 4 0.80
Absent 121 65 56 67 54 66 55 i
FNCLCC grading ;
1 41 25 16 0.37 26 15 0.066 20 21 0.68 i
2 59 28 31 25 34 33 26 i
3 29 14 15 18 11 17 12 '
i
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(M 7240, 1:100; Dako) and anti-CD31 antibody (JC70A,
1:20; Dako) using the standard procedure. The Ki-67-
labeling index and microvessel density (MVD) were calcu-
lated as described previously (32, 33).

Snap-frozen samples and WB analysis

Thirty-nine snap-frozen samples from 28 primary and 11
recurrent or metastatic tumors were obtained from the
collection of our department. A total of 5 pairs of samples
from the primary and the corresponding first recurrent or
metastatic tumors were available for the purpose of com-
parison. Fresh tumor samples were carefully dissected for
the tumors to exclude the surrounding normal tissue, and
the samples were immediately frozen in liquid nitrogen
and stored at —80°C.

To confirm the concordant immunohistochemical
results, the expressions of p14”%F, p15™N¥4 and py Nk
protein were evaluated by WB analysis using snap-frozen
samples as previously described (34). A total of 20 pg
protein from each sample was used, and incubated with
either anti-p14™* (1:2,000 dilution), -p15™* (1:50), or
-16™%% (1:200) antibodies. Anti-human actin mouse
monoclonal antibody (1:5,000; Millipore) was used as
an internal control. A frozen sample of normal skin tissue
was used as an external positive control. Protein levels were
standardized by actin, which was assigned an arbitrary level
of 10, and the expression signal relative to this was taken as
the expression value for each sample.

RNA extraction and quantitative RT-PCR

Total RNA was extracted from 39 frozen samples and a
cell line as previously described (35). The MPNST cell line
YST-1 (36), which expresses CDKN2A and CDKN2B
mRNAs, was used as a positive control. Quantitative RT-
PCR was carried out and the results were analyzed using
predeveloped TaqMan assay reagents (CDKN2A
Hs00233365_m1 and CDKN2B Hs00793225_m1 from
Applied Biosystems, Life Technologies) and an ABI Prism
7700 Sequence Detection system (Applied Biosystems) as
described previously (37). The standard curve was con-
structed with serial dilutions of YST-1 cell line samples. The
obtained data were standardized by using data of the
housekeeping gene, GAPDH (Hs99999905_m1). The final
nurerical value (V) in each sample was calculated as
follows: V = CDKN2A or CDKN2B mRNA value/GAPDH
mRNA value.

DNA extraction and analyses

Genomic DNA was isolated from 27 snap-frozen tumor
materials by using standard proteinase K digestion and
phenol/chloroform extraction as previously described
38).
( Nzuhiplex real-time PCR was carried out for detecting
homozygous deletions (HD) of the CDKN2A gene. The
primer sequences and PCR conditions were the same as
those described previously (39). All primers, the TagMan
probes and the TagMan Universal Master Mix were
supplied by Applied Biosystems. A standard curve was

constructed with serial dilutions of Human Genomic
DNA (Clontech). Distilled water was used as a negative
control in each PCR analysis. The CDKN2A/beta-actin
ratios less than 40% were judged to represent HD according
to the previous reports (39, 40).

Mutational analysis was carried out for exons 1 to 3 of
the CDKN2A gene by PCR-SSCP and DNA sequencing. The
primer sequences and PCR conditions were the same as
those previously described (9). SSCP and the following
DNA sequencing were carried out as described previously
(41).

Methylation of the CpG island in the promoter region of
the p14*"" and p16™"* genes was determined by MSP.
Bisulfite modification and MSP were carried out as
described previously, using the same reagents, primers,
and PCR conditions (9, 42).

Statistical analysis

The correlations between 2 dichotomous variables were
evaluated by using either x” test or, when appropriate,
Fisher's exact test. The correlations among gene alteration,
mRNA level, and protein expression were evaluated by
Mann-Whitney U test. The difference in the proportion
of p14*7F_, p15™K_ o1 16N positive cells between the
primary and the recurrent tumors was evaluated by Wil-
coxon signed-rank test. Survival curves were calculated with
the Kaplan-Meier method, and the differences were com-
pared by the log-rank test. Cox proportional hazards regres-
sion analysis was carried out to estimate the hazard ratios
for positive risk factors for death. Statistical significance was
defined as P < 0.05. Data analysis was carried out with the
JMP statistical software package (version 8.0.2; SAS Insti-
tute Inc.).

Hesults

Immunohistochemistry

The representative examples of immunohistochermical
staining are shown in Figure 1, and the correlations
between p14™", p15™**® and p16™*** immunoreactivity
and the clinicopathological variables are summarized in
Table 1. Almost all neurofibroma cells showed immunor-
eactivity for p14*%F, p15™t and p1e!Niaa respectively,
on the 12 paraffin-embedded specimens including a
benign neurofibroma area with MPNST. p14**" expression
was decreased in 41of the 85 primary tumors (48%) and 62
of the 129 all specimens (48%). For the total group of 129
cases, decreased expression of p14*"" was frequently
observed in the subgroup with a high Ki-67-labeling index
(P=0.043). p15™¥*" expression was decreased in 46 of the
85 primary tumors (54%) and 60 of the 129 all specimens
(47%). Decreased expression of p15™ " was associated
with large tumor size (more than 5 cm) in both the primary
tumors (P = 0.015) and all specimens (P = 0.0003).
p16™** expression was decreased in 42 of the 85 primary
tumors (49%]) and 59 of the 129 all specimens (46%).
p16™**2 expression showed no significant correlation with
any clinicopathological variables.
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ticue 1. Representative
examples of
immunohistochemical staining. A,
nuclear staining of p14°%F in
MPNST. B, p14*FF expression in
the gradual transition area from
neurofibroma to MPNST. Most
MPNST cells with plump nuciei
were negative for p14°% (MPNST,
bottom right). Most spindie-
shaped neurofibroma cells were
positive for p14°%F (NF, top left).
C, nuclear staining of p15™® in
MPNST. D, decreased expression
of p15™K i the MPNST area
(MPNST, right). The expression
was preserved in vascular
endothelial cells and stromal cells
in the surrounding normal tissue
(N, left). E, nuclear staining of
p16NK4 i MPNST. F, decreased
expression of p16™42 in MPNST.
The expression was preserved in
vascular endothelial cells. G, WB
analysis of p16™*® expression for
a comparison between the
primary and the corresponding
recurrent tumors. The values at
the top of the panel indicate the
level of p16™<*2 expression; this
value was calculated relative to
the actin intensity, which was
assigned a value of 10. The
expression level was decreased in
the recurrent tumors of cases 1
and 2. A subtle decrease was
observed in case 3. Case 4 shows
no change, and case 5 shows an
increase in p16™42 axpression. G
Cont.: positive control; P: ptimary;
R: recurrent.

<
i
o

I
fa'h
b

P R P R P R P R

Case 1

Case 2 Case 3 Case 4 Case 5

As for the difference in the IHC results between NF1-
related and sporadic MPNSTs, p14™F expression was
decreased in 17 of the 33 NFl1-related (52%) and 24 of
the 52 sporadic cases (46%). p15™*® expression was
decreased in 19 of the 33 NF1-related (58%) and 27 of
the 52 sporadic (52%) cases. p16™¥** expression was
decreased in 18 of the 33 NFl-related (55%) and 24 of
the 52 sporadic (46%) MPNSTs. There was no significant
difference in p14®%, p15™¥P and p16™%* expressions
between NF1-related and sporadic MPNSTs.

A comparative analysis of the immunoreactivities for

p14*%F, p15™K4 and p16™%4% was carried out in the 18

pairs of the primary and the corresponding first recurrent
or metastatic tumors. A decrease in the proportion of
pl4®®., p15™NK4b_ - and p16™M% immunoreactive cells
was observed in 10 (56%), 12 (67%), and 13 (72%)
out of the 18 recurrent or metastatic tumors, respectively.
There was no significant difference in positivity between
the primary and the corresponding recurrent tumors;
however, p16"™*** immunoreactivity showed a tendency
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Table 2, A comparizon of p14°7F p15NK4® and p16W%8 gxprossion results by IHG, WE, 1 gFCR
p14ARF p? SINK% p161NK4a }
!
Case no. IHC WwB qgPCR HC wB gPCR IHC wB qPCR
1 D 0 0.00 D o] 2.01 P 17.4 0.00
2 D 0 0.00 P 0.8 0.03 D 2.1 0.00
3 D 0 0.00 D 8] 0.01 D 2 0.00
4 D 0 0.00 D 0 0.00 D 2.1 0.00
5 D 0 0.00 D 0 0.00 D 1.6 0.00 i
8 D 0 0.01 D 0 0.02 D 9.6 0.01
7 D 0 0.02 D 0 0.00 D 0 0.02
8 D 0 0.03 p 0 0.28 D 0.4 0.03
9 D 0 0.03 D 0 0.09 b 0.4 0.03
10 P 0 0.03 P 0 0.03 P 4.8 0.03
11 D 0 0.04 D 0 0.03 D 2.1 0.04
12 D 47 0.04 P 0 0.02 D 1.9 0.04
13 P 0 0.05 P 0 0.13 P 0.6 0.05
14 D 0 0.05 P 0 0.11 D 0 0.05
15 D 0 0.05 P 8] 0.00 P 3.8 0.05
16 D 0 0.08 P 0 0.72 P 3 0.06
17 P 0 0.08 P 0 0.27 P 114 0.08
18 D 0 0.09 D 0 0.00 D 0.4 0.09
19 D 0 0.10 P 0 0.47 D 0.7 0.10
20 D 0 0.10 D o] 0.00 D 15 0.10
21 b 0 0.12 P 0 0.46 D 0.2 0.12
22 P 0 0.14 P 0 0.06 P 9.8 0.14
23 D 0 0.14 D 0 0.01 P 26.9 0.14
24 P 0 0.15 P 3.5 10.64 P 12 0.15
25 P 0 0.44 P 0 1.50 P 2.2 0.44
26 P 0 0.52 P 0 0.07 P 22 0.52
27 P s} 0.54 P 0 1.07 P 0.1 0.54
28 P 0 0.69 P 0 0.09 P 6 0.69
29 P 0 1.04 D 8] 0.16 P 3 1.04
30 P 0 1.71 P 0 0.05 P 6.8 1.71
31 D 0 3.08 D 0 0.40 P 3.1 3.08
32 P 0.9 4.12 P 0 1.65 P 0.4 412
33 P 0 4.29 D 0 0.74 P 4.1 429
34 P 0 4.41 D o 1.37 D 0 4.41
35 P 1.4 4.50 P 2.2 0.00 P 8.9 4.50
36 P 0 4.77 P 0 4.13 D 0.4 477
37 P 0 9.00 P 0 2.28 D 0 9.00
38 P n.e. 9.72 P n.e. 0.11 P n.e. 9.72
39 P 3.6 11.23 P 6] 6.13 D 2.2 11.23
NOTE: IHC: D, decreased expression; P, preserved expression; WB, number means expression value. 0, undetectable; n.e., not
examined. gPCR: number means expression value. p147F, p16™%*a mRNA: CDKN2A mRNA; p15™K4° mRNA: CDKN2B mRNA.

to be lower in the recurrent or metastatic tumors (P =
0.12).

Western blotting

Proteins of sufficient quality and quantity were suc-
cessfully extracted from 38 out of the 39 frozen tumor
specimens. WB analysis was carried out in 38 specimens

4ARE‘I -p 1 SINK4b 61N1\4a

using anti-p1 , and -pl antibodies.
The p14"®* signal was detected in only 4 cases, and 3 of
the 4 cases in which the p14** signal was detected on
WB also presented preserved expression of this protein
on [HC (Table 2). The p15™%“® signal was observed in
only 3 cases, and all 3 cases in which the p15"™ " signa]
was detected on WB also presented preserved expression
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12 6
P < 0.0001 P=0.033
g 2 —_—
< 84 < 44
2 z
E 84 £
raure 2. Association between the g g
expression levels of CDKN2A g 4+ g 2
mRNA and p14°7F protein (A), g ]
CDKN2A mRNA and p16'NRa 2
protein (B), and CDKN2B mRNA o 0
INKat :
and }01.5 o protein ((.3)" There Decreased Preserved Decreased Preserved
were significant associations ) (n=20) (n=19) (n=19) (n=20)
between the mRNA and protein i . X .
expressions of p7 495F GINKaD, C p14 protein expression (IHC) D p16 protein expression (IHC)
and p16™<# respectively, with P
. & 12
values shown at the top right of P 0030
the figures. D, association _ =0 104 — P =0.0046
between mRNA levels and gene % %
alterations of CDKN2A. The gene < 4 s s = 8-
alterations were significantly 5 %
correlated to the low levels of € E 6+
CDKN2A mRNA (P = 0.0046). @ N
Z 24 < 44
X X
o Q
O O 54
0 s 0
Decreased Preserved Normal Altered
(n=15) (n=24) (n=18) (n=9)
p15 protein expression (IHC) CDKN2A gene status

of this protein on THC (Table 2). WB for the p16™ *?
protein showed a sufficient signal intensity to evaluate
the relative expression levels in 34 of the 38 samples
(Table 2). The relative expression level versus the actin
expression level, which was assigned a value of 10,
ranged from 0.0 to 26.9 (median 2.1). As for the com-
parison of the primary and the corresponding recurrent
or metastatic tumors, p16"™*4? expression levels revealed
a decrease in 2 of 5 cases, and a subtle decrease in 1 case
(Fig. 1G). The expression levels of p16™¥% by WB
corresponded closely to the levels observed by IHC
(Table 2).

mRNA expression assay by quantitative RT-PCR

The expression levels of CDKN2A mRNA (0.00-11.23,
median 0.10) were significantly associated with both
p14*F and p16™*?*  immunohistochemical protein
expressions (Table 2, Fig. 2A and B). The expression levels
of CDKN2B mRNA {0.00-10.64, median 0.095) were also
correlated to p15™ " protein expressions (Table 2,
Fig. 2C).

Gene alteration assessment by multiplex real-time
PCR, PCR-SSCP, and MSP

Homozygous deletion (HD) of the CDKN2A gene was
detected in 9 of 27 cases (33.3%) by multiplex real-time

PCR assay. The remaining 18 cases without homozygous
deletion were also analyzed by PCR-SSCP and MSP. No
mutation was found in exons of CDKN2A by PCR-SSCP
and the subsequent DNA sequencing (data not shown).
MSP revealed that no methylation occurred in either the
p14**F or p16™%e promoter region (data not shown).
CDKNZ2A gene alterations represented by HD were signifi-
cantly associated with low CDKN2A mRNA levels
(Fig. 2D). All but one of the cases with HD in the CDKN2A
gene showed decreased immunoreactivity for both p14°R¥
and p16™K42,

Survival analysis

Univariate prognostic analysis revealed that decreased
expressions of p14*"F and p16™%** were significantly
associated with decreased probability of overall survival,
respectively (Table 3, Fig. 3A and B). Patients with
decreased expression of p15™¥*" showed a strong ten-
dency to have poor prognosis (P = 0.051; Table 3,
Fig. 3C). Each of the following was associated with poor
prognosis: tumor location in the trunk, tumor location in
deep tissue, large tumor size (more than 5 cm), high Ki-
67-labeling index (more than 30%), high histological
grade (grade 2 or more), and advanced AJCC stage (stage
1T or higher).
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Table 3. Univariate analysis for overall survival
Variable No. of 5-y survial P
patients rate

Age, ¥
<50 45 514 0.41
>50 37 53.2

Sex
Male 43 47.4 0.28
Female 39 57.4

NF1
Present 32 411 0.26
Absent 50 57.7

Site
Extremity 36 64.3 0.041
Trunk 46 42.5

Tumor depth
Superficial 20 78.6 0.004
Deep 62 43.4

Tumor size
<5cm 23 78.3 0.006
>5cm 59 41.7

Adjuvant therapy
Given 3 50.0 0.47 |
Not given 79 52.0

Tumor necrosis
Absent 38 63.4 0.067
Present 44 42.3

Mitotic counts
0-9/10HPF 56 53.7 0.43
>10/10HPF 26 471

Ki-67-labeling index
0%-29% 58 63.8 <0.001 |
>30% 24 21.0

Microvessel density
<15/HPF 39 65.6 0.06
>15/HPF 43 39.7

Rhabdomyoblastic
differentiation
Present 10 33.8 0.20
Absent 72 54,5

Epithelioid feature
Present 5 20.0 0.11
Absent 77 54.6 ;

FNCLCC grading Z
1 25 725 0.030
243 57 43.4

AJCC staging
| 25 725 0.030
W4 14 v 57 43.4

p14*°F 1HC
Preserved 42 74.1 <0.001
Decreased 40 28.5

p1 5[NK4b HC
Preserved 38 67.9 0.051
Decreased 44 38.9

p1 6INK4a IHC
Preserved 41 68.9 0.002
Decreased 41 34.0

A multivariate analysis carried out using variables that
were related to poor prognosis in the univariate analysis
revealed that tumor location in the trunk, tumor location in
deep tissue, and decreased expressions of either p14*% or
p16™* persisted as independent risk factors for a poor
outcome (Table 4).

In terms of p14®™™F and p16™¥* expressions in the
primary tumors, decreased expression of both p14A%
and p16™"** was observed in 28 of the 82 patients
(34.1%), whereas preserved expression of both was
detected in 29 patients (35.4%; Table 5). A combined
prognostic evaluation with grouping by p14™ and
p16"™K* expressions revealed that the 5-year overall survi-
val rate of cases with a decrease in the expression of both
proteins was 25.8%, whereas that of cases in which the
expression of both proteins preserved was 83.3%, with
the difference in the 2 values being statistically significant
(P < 0.001).

There was an association between the prognosis and the
number of inactivations among p14*%", p15™N¥b ang
p16™%%%; the cases with 2 or 3 inactivated genes showed
a significantly more adverse prognosis than those with only
1 or no inactivated genes (P < 0.001; Table 5, Fig. 3D).

Finally, the prognostic significance of p15"™ " expres.
sion in the absence of p16™* was evaluated. Among the
41 cases with p16™"* inactivation, 30 cases (73.2%)
showed decreased expression of p15™®, and the remain-
ing 11 cases (26.8%) showed preserved expression of
p15™%% (Table 5). The 5-year overall survival rate of
patients with coinactivation of p15™¥? and p1g!NKee
was 24.8%, whereas that of patients with preserved
p15"K4 was 75.0%, which was significantly higher than
that of coinactivated patients (Fg. 3E).

Discussion

Our univariate prognostic analysis of p14**¥, pj 58K,
and p16"™%4¢ inactivation in MPNSTs revealed that each
gene Inactivation was significantly or almost significantly
associated with poor prognosis. Furthermore, the prog-
nostic importance of p14*™ and p16™* gtatus in
MPNSTs was reconfirmed by the multivariate analysis.
A combined prognostic analysis showed that MPNSTs
with inactivation of 2 or more genes among p14%%F,
p15™ % and p16™** showed much worse prognosis
than those with inactivation of 1 or no genes. The above
results indicate that a synergistic effect of the combined
deficiency for p14*™*, p15°M4 and p16™%** induced a
further high-grade malignancy in MPNSTs. The results
from this study contribute not only to estimation of the
molecular pathophysiology of MPNST, but also to the
improvement of clinical management of patients with
MPNST through the provision of precise prognostic pre-
diction.

The impact of p15™# inactivation in human cancers
has been less clear than that of the p14*F and p16/™¥4
inactivations (15). But recently, the significance of p1 5"

Clin Cancer Res; 17(11) June 1, 2011

Clinical Cancer Research

Downloaded from clincancerres.aacrjournals.org on March 1, 2012
Copyright © 2011 American Association for Cancer Research



Published OnlineFirst January 24, 2011; DOI:10.1158/1078-0432.CCR-10-2393

p144FF, p15™NK9 and p16™K“2 Inactivation in MPNSTs

A B
100% 100%
y P <0.001 5 P=0.002
80% ~ ’ 80% - e
- fersesmerssnsmiry P14ARF preserved | e
.Z Ransonsarensnsmuney .2
2 60%- 2 60% - p16NK4a preserved
? z » v
S 40%- S 40%
> >
© p14ARF decreased| ©
20% = 20% -
p16NK42 decreased
0% t T i f " f g 0% y T T y ]
s} 50 100 150 200 0 50 100 150 200
> Time (months) D Time (months)
100% - 100%
P=0.051 P <0.001
80% - 80%- T =§ o j\l~o gene inactivated ~ (0+1 vs. 2+3)
G E] i
= > 3 1 gene inactivated
2 60% p15!NK4 nreserved 2 60%- {7 1 J
@ ) @ b L
3 = i
§ 40%- 8 40%- T
5 : v
20% - 20% - Luq—-tmgx e e o soe e oo
3genes 2 gene inactivated
INK4b o
- p16™* decreased o inactivated
] ’ T i H l ' o 3 e ¥ T
0 50 100 150 200 0 50 100 150 200
Time (months) Time (months)
E
100%
"]. P=0.042
80% -
g p15/NK4 rreserved
< 60%-] and p16'NK4a inactivated
2]
T 40%-
3 both p15iNK4b gnd piiNKaa
20% - inactivated
0% 1 T 7 L T
0 50 100 150
Time (months)

Figure 1. The Kaplan-Msier curves for overalf survival according to p14°7% (4), p16™48 (B), and p15™K*0 (C) expressions. Decreased expressions of p142~F
and p16™K2 were associated with a decreased probability of overall survival, respectively, with P values shown at the top right of the figures. Decreased
expression of pi 5NK4 showed a strong tendency toward association with poor progniosis (P = 0.051). D, the Kaplan-Meier curves for overall survival

according to the number of inactivated genes among p14*%", p15™%“2 and p16™“*#_ Patients with inactivation of 2 or more genes showed worse prognosis
than those with 1 or no gene inactivated (P < 0.001). E, the Kaplan-Meier curves for overall survival in patients with p76™%“2 inactivation according to the
p15™*4 expression. Patients with preserved expression of p15™# in the absence of p76™/ show better prognosis than the p75™<% ang p16™K4e

coinactivated cases (P = 0.042).

inactivation in malignant tumors has got a lot of attention.
The loss of CDKN2B encoding p15™"*® is observed in
various types of malignant turnors, but the frequent loss of

CDKN2B in human tumors could be explained by its
juxtaposition to CDKN2A, in which proximity could lead
to frequent codeletion. A recent study using a mouse model
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Table 4, Multivariade nnalysis for overall survival
Variable Hazard ratio 95% Cl P
Site

Extremity 1

Trunk 2.08 1.44-2.99 0.042
Tumor depth

Supetficial 1

Deep 3.93 2.05-7.56 0.025
Tumor size

<5cm 1

>5cm 1.26 0.71-2.25 0.69
Ki-87—-labeling index

0%-29% 1

>30% 1.36 0.89-2.08 0.47
FNCLCC grading

1 1

243 1.83 1.15-2.92 1.00
AJCC staging

I 1

4+ 41V 1 1-1 1.00
p14°FF IHC

Preserved 1

Decreased 272 1.75-4.21  0.021
pl 6!NK4a IHC

Preserved 1

Decreased 2.21 1.52-3.22 0.034

has proposed the interesting hypothesis that p15™%* func-
tions as a critical tumor suppressor in the absence of
p16™4a (15), In human tumors, the tumor-suppressive
effect of p15™"" in the settin g of p16™%# inactivation has
not been investigated well. This is the first report evaluating
the prognostic role of p15™** in the absence of p16™** in
MPNSTs. Our prognostic analysis of p16™*_inactivated

cases showed that p15™**_preserved cases showed signifi-
cantly better prognosis than pI5™ " inactivated cases.
This finding indirectly supports the hypothesis that
p15™4 provides a critical backup function for p16/V<4
in MPNSTs. In addition, it may provide an explanation
for the frequent loss of the complete CDKN2B-CDKN2A
locus in human high-grade malignancies, including
MPNST (15, 43).

Here we revealed the frequency of inactivation of p142%F,
p15M%2 and p16™5% in MPNSTSs by a large-scale clinico-
pathological study with multiple methods. Inactivation of
p14°%E, 15" and p16™59% was observed in 50%, 49%,
and 53% of MPNSTSs, respectively. In previous studies, the
frequency of p14™, p15™54% and p16™%* jnactivation in
MPNSTs has been a controversial issue. Some papers have
stated that p16™ inactivation in neurofibroma is a
critical process in progression to MPNST, and p16™44 ig
inactivated in almostall MPNSTs (18, 19, 44). On the other
hand, some recent papers have indicated that 9p21-related
genes including p16™ are inactivated in only half of all
cases of MPNST (24, 43, 45). Our data support the latter
statement: we found that inactivation of the p14*%,
p15™ 9 and p16'NK4 genes was involved in high-grade
malignant transformation in about half of the MPNSTs
studied.

CDKN2A is known to exhibit more HDs than other
recessive cancer genes in various types of cancers (46).
This may be because it is adjacent to a large gene desert
and therefore HDs are associated with less negative selec-
tion (46). Our study showed that HD of CDKN2A was
detected in 33.3% of the cases, whereas neither point
mutation of CDKN2A nor methylation of the p14**F and
p16"™** promoter regions was detected. In addition to
our study, several other authors have investigated gene
alterations of CDKN2A in MPNSTs (16-23, 42-44, 47).
According to their reports, HD is the predominant cause
of inactivation of the 9p21 locus in MPNSTSs, and the rate

table 5. Combinationa! prognostic analysis of p142FF, p18M4P g 51K ions
Variables No. of patients  5-y survial rate P
Combinational prognostic analysis of p14ARF  prpiiida
p14°°F and p16™42 expressions D D 28 (34.1%) 258 <0.001 (DD vs. PP)
D P 12 (14.6%) 31.3
P D 13 (15.9%) 51.1
P P 29 (35.4%) 83.3
The number of inactivated genes among 0 20 (24.4%) 771 <0.001 0 + Tvs. 2 + 3)
p14ARF p15INKD ang g giNida 1 22 (26.8%) 714 ‘
2 17 (20.7%) 38.2 ‘
3 23 (28.0%) 21.6
Prognostic effect of p15™“" expression  p15MNKL  pygikea
in the absence of p16™“2 D D 30 (73.2%) 24.8 0.042
p D 11 (26.8%) 75
NOTE: D, decreased; P, preserved; DD, decreased in both p147F and p16™K4e; PP, preserved in both p14*7F and p16™ie
i
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of HD ranges from 7.1% to 56.5% (16-20, 22, 43, 44,
47). Point mutation of CDKN2A has been reported in
only 1 MPNST case (17). Methylation of the p14*** and
p16"N%4a promoter regions has been reported in only 2
cases (7.7% of the investigated cases), respectively (43).
Our results are basically consistent with those of the
previous reports, and indicate that the main alteration
causing CDKN2A gene inactivation is HD rather than
point mutation or methylation of the promoter regions
in MPNSTs,

NF1-related MPNST has an NFI gene dysfunction lead-
ing to an excessive activation of the Ras signal pathway,
whereas sporadic MPNST does not always show an NFI
gene dysfunction (48). The pathogenesis of MPNST is a
fascinating subject, because both NF1-related and sporadic
MPNSTs show similar histological findings and molecular
characteristics despite their difference in genetic back-
ground. Our study showed that there was no significant
difference in the expressions of p14**Ff, p15"™%4* and
p16™%42 hetween NF1-related and sporadic MPNSTs. Per-
rone and colleagues reported that inactivation of 1 or more
9p21-related genes detected by RT-PCR was found in 11 of
14 NF1-related {78%) and 9 of 12 sporadic (75%) cases,
respectively (43). They concluded that the inactivation
profile of 9p21-related genes showed no significant differ-
ence between NF1l-related and sporadic MPNSTs. Our
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Abnormalities of the Wnt/B-catenin signalling pathway induce tumour progression in
sporadic desmoid tumours: correlation between f-catenin widespread nuclear expression and

VEGF overexpression

Aims: To analyse the correlation between B-catenin
and vascular endothelial growth factor (VEGF) in
sporadic desmoid tumours.

Methods and results: The correlation between B-cate-
nin aberrant expression and VEGF overexpression was
examined and microvessel density (MVD) assessed by
immunohistochemical expression of CD31 in 74 sam-
ples (63 primary and 11 recurrent samples, 63
patients) of sporadic desmoid tumours without familial
adenomatous polyposis (FAP). B-catenin gene mutation
and mRNA expression of VEGF was then examined by

quantitative reverse transcriptase-polymerase chain
reaction (RT-PCR). There was a statistically significant
correlation between widespread nuclear expression of
B-catenin and overexpression of VEGF in all desmoid
tumours (P = 0.04, Fisher’s exact test). MVD in recur-
rent tumours was significantly higher than that in
primary tumours.

Conclusions: Abnormalities of B-catenin and VEGF
overexpression play an important role in the neoplastic
progression of sporadic desmoid tumours.

Keywords: B-catenin, desmoid tumour, vascular endothelial growth factor, Wnt signalling

Abbreviations: FAP, familial adenomatous polyposis; MVD, microvessel density; RT-PCR, reverse transcriptase—~
polymerase chain reaction; SSCP, single-strand conformation polymorphism; VEGF, vascular endothelial growth

factor

Introduction

Desmoid tumours (desmoid-type fibromatoses) are
uncommon soft tissue tumours. These tumours consist
of fibroblastic/myofibroblastic cells with no atypia and
recur frequently after surgical resection.! In desmoid
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Pathology, Pathological Sciences, Graduate School of Medical
Sciences, Kyushu University, Maidashi 3-1-1, Higashi-ku, Pukuoka
812-8582, Japan. e-mail: oda@surgpath.med.kyushu-u.ac.jp

© 2011 Blackwell Publishing Limited.

tumours, Wnt/B-catenin plays an important role in
tumorigenesis or tumour development.” Indeed, the
role of Wnt/B-catenin signalling has been established
in a number of tumowr types. We have demonstrated
recently that widespread B-catenin nuclear expression
correlates with matrix metalloproteinase-7 (MMP-7)
overexpression in sporadic desmoid tumours.” More-
over, in the B-catenin mutated group, MMP-7 mRNA
expression was significantly higher than that of the
B-catenin wild-type group.®> However, we could not
elucidate the definitive factors affecting local
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recurrence. Recently, Lazar et al* reported that B-
catenin mutation in codon 45 correlated with increased
desmoid tumour recurrence. Angiogenesis is a critical
process for tumour growth and invasion.” Yokoyama
et al.® reported that slit-like blood vessels lying in
proliferated fibrous tissue were characteristic in desm-
oid tumours, and the number of vessels <20 um in
diameter in the central portion of the tumour was
greater in patients with recurrences. Angiogenesis is
considered to be correlated with recurrence and to be
regulated by vascular endothelial growth factor
(VEGF), which may also be a target gene of the
Wnt/B-catenin signalling pathway.” In this study, to
test the hypothesis that accamulated B-catenin within
nuclei could affect regulation of the target genes, we
examined the correlation between the immunohisto-
chemical expressions of B-catenin and VEGF, which is a
target gene product of the Wnt/B-catenin signalling
pathway, in sporadic desmoid tumours without familial
adenomatous polyposis (FAP). We also examined
microvessel density which is correlated with angiogen-
esis, comparing that in primary tumours with that in
recurrent tumours. Moreover, we searched for genetic
alteration of B-catenin genes in 33 frozen samples (33
samples from 22 cases). We further examined mRNA
expressions of VEGF in frozen samples by quantitative
reverse transcription—polymerase chain reaction (RT-
PCR) and compared the mRNA expression levels with
the B-catenin mutation status.

Materials and methods
MATERTALS

From materials registered in the Department of
Anatomic Pathology, Graduate School of Medical Sci-
ences, Kyushu University, Japan between 1979 and
2006, 74 formalin-fixed, paraffin-embedded samples of
desmoid tumours were retrieved from 63 patients to use
in the immunohistochemical study. All patients had
been treated surgically by marginal or wide resection.
These included 22 male and 41 female patients with a
mean age of 34.2 years (range 0-76 years), as shown
in Table 1. The tumour location was divided into three
groups: abdominal desmoid in 12 patients (three male
and nine female patients), intra-abdominal desmoid in
nine patients (three male and six female patients) and
extra-abdominal desmoid in 42 patients (16 male and
26 female patients). The sites of the extra-abdominal
desmoids are summarized in Table 2. Sixty-three sam-
ples (12 abdominal, nine intra-abdominal and 42 extra-
abdominal) were primary tumours, and 11 samples
(five patients, all extra-abdominal) were recurrent

© 2011 Blackwell Publishing Ltd, Histopathology, 59, 368-375.

Table 1. Desmoid tumours

intra- Extra-
Abdominal abdominal abdominal Total
Female 9 6 26 41

Male 3 3 16 22

Age mean 39.4(25-74) 38.7(6-65) 31.8(0-76) 34.2

(range, years)

Total patients 12 9 42 63

tumours at the time of diagnosis, as shown in Table 3.
The diagnosis of all cases was based on light micro-
scopic examination of haematoxylin and eosin stained
tissue sections, according to the recent World Health
Organization classification.®

For molecular analysis, 33 fresh frozen samples of
desmoid tumours from 22 patients were used and three
samples of normal skeletal muscle tissue as controls.
Frozen material included 22 primary samples (one
abdominal, four intra-abdominal and 17 extra-abdom-
inal) and 11 recurrent samples (five patients, all extra-
abdominal).

IMMUNOHISTOCHEMISTRY

Immunohistochemiistry was performed using anti-
B-catenin mouse monoclonal antibody (dilution
1:200; Transduction Laboratories, Lexington, KY,

Table 2, Tumour site in extra-abdominal desmoids

Anatomical site n
Extremity 2
Shoulder 8
Thigh ';
Upper arm ) 4
Others 2
Trunk o ~'12
O muttock s
Chest wall B é;
,,,,,,,, ek e oo e o — ;
Head and neck 9
Total 42
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Table 3. Recurrent cases

Case Age (primary) Gender Site No. of times
1 23 Female Left thigh 5
2 34 - Male  Left thigh 3 -
3 29 Female Right thigh 1
4 39 Male  Right buttock 1
5 13 Male  Right lower leg 1

USA), anti-VEGF mouse polyclonal antibody (dilution
1:400; Santa Cruz Biotechnology, Santa Cruz, CA,
USA) and anti-CD31 mouse monoclonal antibody
(dilution 1:20; Dako, Glostrup, Denmark). Each section
was considered to demonstrate widespread B-catenin
nuclear staining (aberrant staining) if more than 50%
of the tumour cells showed a nuclear immunoreactiv-
ity, and each section was considered to demonstrate
VEGF overexpression if more than 10% of the tumour
cells showed cytoplasmic positivity.®1¢

MICROVESSEL DENSITY

The degree of angiogenesis was determined by the
number of microvessels in the most vascularized areas
within the tumour (‘hot spot’) according to the
methods of Kaya et al.'' The number of CD31-positive
vessels was counted in four selected hot spots at a high
magnification (x400; 0.26 mm?) field. The mean value
of the four independent readings of the same specimen
was calculated, and microvessel density (MVD) was
defined as the mean count of microvessels per
0.26 mm? field area. We compared MVD in primary
tumours with that in recurrent tumours and evaluated
whether MVD was correlated with VEGF expression in
desmoid tumours.

B-CATENIN GENE MUTATION

Genomic DNA was purified from 33 specimens (33
samples from 22 cases) of frozen materials using
standard proteinase K digestion and phenol/chloro-
form extraction after homogenization. PCR single-
strand conformation polymorphism (SSCP) was
carried out for the entire region of the B-catenin gene
exon 3 using pairs of primers, G-forward (5-CCAA
TCTACTAATGCTAATACTG-3’) and G-reverse (5’-CTG
CATTCTGACTTTCAGTAAGG-3") for genomic DNA,
and Cforward (5-CCAGCGTGGACAATGGCTAC-3")
and C-reverse (5-TGAGCTCGAGTCATTGCATAC-3")

for ¢cDNA amplification.’® PCR was carried out for
40 cycles after an initial denaturing at 96°C for
5 min. Bach cycle consisted of denaturation at 96°C
for 1 min, annealing at 58°C for 1 min and extension
at 72°C for 1 min. After the final cycle of amplifica-
tion, the extension was continued for an additional
7 min at 72°C. SSCP was performed using a DNA
fragment analyser (GenePhor; Amersham Pharmacia
Biotech, Uppsala, Sweden) at 600 V, 25 mA, 15 W
and 5°C for 120 min, and the results were visualized
by a DNA Silver Staining Kit (GenePhor; Amersham
Pharmacia Biotech). To increase the quantity of
mutant DNA before sequencing, extra bands that
seemed to be migrating aberrantly from the SSCP gel
were excised and reamplified for 25 cycles under the
same conditions. The samples of aberrantly migrated
bands in the SSCP gel were analysed for sequencing
after the subsequent reaction. The sequence data were
collected by ABI Prism 310 Collection Software and
Sequence Navigator Software (Perkin Elmer, Norwalk,
CT, USA).

MRNA QUANTIFICATION VEGF

Total RNA from 33 samples and three normal skeletal
muscle samples was extracted using Trizol Reagent
(Invitrogen Corporation, Carlsbad, CA, USA), according
to the manufacturer’s protocol. Five microgram of RNA
from each sample were used for the subsequent reverse
transcription. After the reaction, RNase treatment was
performed to eliminate RNA.

Quantitative RT-PCR was performed using predevel-
oped TagMan assay reagents (VEGF; Hs00173626_m1
glyceraldehyde-3-phosphate dehydrogenase (GAPDH):
human GAPDH; Hs99999905_ml; Applied Biosys-
tems, Foster City, CA, USA) and an ABI Prism 7700
Sequence Detection system (Applied Biosystems). The
PCR reaction was carried out according to the manu-
facturer’s protocol. The standard curve was constructed
with serial dilutions of one of the ¢cDNA samples of
human normal skeletal muscle, and the data obtained
were standardized using data of the international
housekeeping gene. GAPDH. The final numerical value
(V) in each sample was calculated as follows:; V = VEGF
mRNA/GAPDH mRNA value.

STATISTICAL ANALYSIS

A possible correlation between immunohistochemical
expression of widespread B-catenin nuclear expression
and VEGF was estimated by two-sided Fisher's exact
test. VEGF mRNA expression levels according to
the status of B-catenin mutation were compared by

© 2011 Blackwell Publishing Ltd, Histopathology. 59, 368-375.
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Mann-Whitney U-test. Probability values <0.05 were
considered significant.

Results
IMMUNQHISTOCHEMISTRY

Immunoreactivity of B-catenin was observed in the
nuclei and cytoplasm of fibroblastic tumour cells
(Figure 1). We defined more than 50% positive cells
with nuclear imunoreactivity as widespread B-catenin
nuclear staining (aberrant staining). The correlation of
B-catenin and VEGF expression is summarized in
Table 4. Thirty-five cases (56%) were judged as showing
widespread B-catenin nuclear staining. There was no
statistically significant correlation between the wide-
spread nuclear staining of B-catenin and desmoid
tumour location (abdominal, intra-abdominal or extra-
abdominal). VEGF-positive cells also appeared to be
scattered evenly throughout the section (Figure 2), and
47 cases (73%) showed overexpression of VEGF. For each
location analysed individually (abdominal, intra-
abdominal or extra-abdominal), there was no significant
correlation between widespread f-catenin nuclear imu-
noreactivity and VEGF overexpression (Table 5). How-
ever, among all desmoid tumours, there was a
statistically significant correlation between widespread
B-catenin nuclear staining and VEGF overexpression
(P = 0.04, Table 5).

Concerning recurrent tumours, all 11 samples from
five cases showed widespread B-catenin nuclear imu-
noreactivity and VEGF overexpression. Four of five
samples of primary tumours that went on to recur were
positive for B-catenin, and all five primary samples were
positive for VEGF. There was no statistically significant

Figure 1. Immunohistochemistry of B-catenin.

© 2011 Blackwell Publishing Ltd. Histopathology, 59, 368--375.

Table 4. Immunochistochemistry in primary tumours

f3-catenin
widespread VEGF
nuclear staining overexpression

Abdominal (n = 12) 7 8
Intra-abdominal 1=9) 8 8
Extra-abdominal (n = 42) 20 31
Total (n = 63) 35 (56%) 47 (73%)

VEGF, vascular endothelial growth factor.

correlation between primary and recurrent tumours in
widespread P-catenin nuclear staining, and there was
no statistically significant difference between primary
and recurrent tumours in VEGF overexpression.

MICROVESSEL DENSITY

Microvessel density assessed by immunohistochemical
staining of CD31 immunohistochemistryranged from
1.5 to 19.25/0.26 mm? [mean * standard deviation
(SD): 9.68 + 4.26/0.26 mm?>]. MVD in recurrent
tumours was significantly higher than that in primary
tumours (mean * SD: recurrent tumours, 13.97 +
5.32; primary tumours, 9.56 * 3.72; P = 0.02; Fig-
ure 3A) (recurrent case; Figure 4A, primary case;
Figure 4B). MVD in VEGF-positive samples tended to
be higher than that in VEGF-negative samples
(mean * SD VEGF expression (+), 10.62 + 4.41; VEGF
expression (—), 9.55 £ 3.96; Figure 3B); however, this
difference was not statistically significant.
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Figure 2. Immunohistochemistry of vascular endothelial growth
factor.
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Table 5. Correlation between B-catenin widespread nuclear staining and vascular endothelial growth factor (VEGF)
overexpression
Abdominal Intra-abdominal Extra-abdominal Total

VEGF (+) VEGF (=) VEGF (+) VEGF (-) {/EGF + VEGF (-) VEGF (+) VEG;(:;

B-catenin widespread nuclear staining

(+) 6 1 7 1 17 3 30 5
(=) 2 3 1 0 14 8 17 11
P=028 P=10 P =016 P =0.04

Correlation between group. Figure 5 shows the boxplot of VEGF mRNA
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The analysed primary tumours were divided into two Figure 4. A, Extra-abdominal desmoid arising in the right shoulder
di to the results of mutational analvsis: of a 25-year-old female. Microvessel density (MVD) in primary lesion.
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a B-catenin mutated group and a B-catenin wild-type 25-year-old female. MVD in recurrent lesion,
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Table 6. immunohistochemistry in primary tumours

VEGF VEGF
overexpression  overexpression
(+) (=)

B-catenin mutation (+) 7 0

B-catenin mutation (=) 10 5

Total 17 5

P =0.14.

wild-type group 2.05 £ 1.04). According to the
B-catenin mutation status, the VEGF mRNA expression
level demonstrated no significant difference (P = 0.96,
Figure 5).

Secondly, the analysed primary cases were divided
into two groups according to the state of recurrence: a
recurrent group and a non-recurrent group. Figure 6
shows the boxplot of VEGF mRNA expression in the
recurrent group and the non-recurrent group (recur-
rent group, 1.90 * 0.89; non-recurrent group
2.02 + 1.07). There was no statistically significant
difference between recurrent and non-recurrent groups
(P = 0.89, Figure 6).

Discussion

We have investigated previously whether aberrant f-
catenin expression correlates with cyclin D1 overex-
pression in desmoid tumours.'’ In the B-catenin
mutated group, cyclin D1 mRNA expression was

(+) : B-catenin mutated group (n=7) ]

- i tation
f-catenin mutatio [ (-) : B-catenin wild-type group (h = 15)

VEGF mRNA expression
5
4
1 34 T T
O]
L
>
2
1 I o
0
+ =
P=10.96

Figure 5. P-catenin mutation. There was no statistically significant
difference between VEGF mRNA expression of the B-catenin mutated
group and that of the wild-type group (P = 0.96).
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Figure 6. Recurrence. In the recurrent group, the VEGF mRNA
expression levels demonstrated no significant difference (P = 0.89).

significantly higher than that in the B-catenin wild-
type group.'* We have reported recently that MMP-7 is
a target gene of the Wnt/B-catenin signalling pathway
in desmoid twmours, which is one of the factors in
recurrence.” However, angiogenesis also plays an
essential role in tumour progression, and is regulated
by VEGE.> In this study, we have demonstrated that
widespread B-catenin nuclear expression correlates
with VEGF overexpression in desmoid tumours, which
suggests that VEGF is one of the candidates for the
target genes of the Wnt/B-catenin signalling pathway
in desmoid tumours.

We have compared MVD between primary and
recurrent tumours and found that MVD in recurrent
tumours is significantly higher than that in primary
tumours. Yokoyama et al.® reported that high vascu-
larity gives the tumour active growth potential. Choi
et al.*® reported that angiogenesis is essential for breast
cancer progression and is regulated by VEGF, a target
gene of the Wnt/B-catenin signalling pathway. The
difference between MVD in VEGF overexpression sam-
ples and that in VEGF-negative samples was not
significant. However, MVD in samples with VEGE-
overexpression tended to be higher than that in VEGFE-
negative samples in the present study.

In the present study, B-catenin mutation was identi-
fied in seven of 22 samples (31%), while Amary et al.
reported B-catenin mutation in 66 of 76 samples (87%)
and Lazar et al. reported B-catenin mutation in 117 of
138 samples (8 5%).% We found a low ratio of
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B-catenin mutation when we compared it with the
mutational analysis of Amary and Lazar. One of the
reasons for this may be that the methods of mutational
analysis vary. Saito et al.,*>'* using methods that are
similar to ours, reported B-catenin mutation in seven of
18 samples (39%) and in three of 12 samples (25%). In
another paper, B-catenin mutation was detected in
seven of 19 samples (38%, Heinrich).!” We may also
need to consider differences between patient ethnicities.
These show the data for oriental people as follows:
Miyoshi (54%, 22 of 42), Saito (39%, seven of 18; 25%,
three of 12) and Jilong (19%, 13 of 69).!1%1#18.19
Others show the data for westerners as follows: Amary
(87%, 66 of 76), Lazar (85%, 117 of 138), Tejpar
(52%, 22 of 42), Abraham (45%, 15 of 33) and
Heinrich (38%, seven of 19).%1®17:2021 Therefore,
there may be differences between patient ethnicities.

We divided samples into two groups based on
B-catenin mutational analysis: the B-catenin mutated
group and the p-catenin wild-type group. Unfortu-
nately, we could not find a correlation between
B-catenin mutation and VEGF mRNA expression.
However, all cases with B-catenin mutation showed
widespread immunohistochemical B-catenin nuclear
expression and VEGF overexpression. In fact, the
results suggested that VEGF plays an important role
in infiltrative growth.

We found no significant difference between the
recurrent and the non-recurrent groups with respect
to the VEGF mRNA level. However, in recurrent
desmoid tumours there was high MVD and high
vascularity, suggesting that angiogenesis is an impor-
tant factor in tumour recurrence.

In conclusion, in desmoid tumours, widespread
B-catenin nuclear expression correlated with VEGF
overexpression, and MVD in recurrent tumours was
significantly higher than that in primary tumours.
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Abstract Bizarre parosteal osteochondromatous prolifera-
tion {BPOP) is a benign exophytic proliferative lesion that
predominantly involves the small tubudar bones of the hands
and feet, Histologically BPOP is characterized by a heteroge-
neous mixture of cartilage, bone and fibrous tissue. Recently, a
translocation between chromosomes 1 and 17, or its variant
translocations, has been reported fo be unique in BPOP. The
case of a 59-year-old woman with BPOP in the middle
phalanx of the ring finger with increasing mass is reported
herein. Computed tomography and magnetic resonance
imaging depicted the central part of the exophytic bone lesion
as having continuity to the underlying bone marrow, which is
considered to be the typical finding of osteochondroma, but
not a common finding in BPOP. In addition, an inversion of
chromosome 7 [inv (7)(q22q32}] was observed. Therefore,
this case suggests that the translocation between chromo-
somes 1 and 17 reported in other cases may not be the only
cause of BPOP.
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Introduction

Bizarre parosfeal osteochondromatous proliferation (BPOP)
is also known as Nora’s lesion and was first described in 1983
{1]. BPOP is an exophytic bone lesion originating from the
cortical surface and is characterized by a heterogenecus
mixture of cartilage plus bone and fibrous tissue. The lesion
predominantly involves the small tubular bones of the hands
and feet {2]. BPOP is reported o have a tendency fo recuw.
Radiologically, BPOP has a distinct margin from the cortical
surface of the affected bone. Continuity of the central part of
the lesion o the bone marrow of the host bone as seen in
typical osteochondroma is not usually observed in BPOP {3,
4], although a corticomedullary continuity has been reported
in several prior cases [5-8].

Whether BPOP is a reactive proliferative lesion or a
neoplastic lesion remains controversial. BPOP may be
related to frauma based upon a report showing that there
was a history of trauma in 30% of cases that ranged from
2 months to 3 years before presentation of the lesion [2]. In
addition, the histological features of BPOP are those of a
reactive lesion. However, ifs aggressive growth clinically
suggests a neoplasm. Moreover, the reported chromosomal
abnormalitics support the neoplastic nature of BPOP [9-11].

In the current report, we present an interesting case of
BPOP with corticomedullary continnity to the host bone
depicted by computed tomography (CT) and magnetic
resonance imaging (MRI) as well as chromosomal analysis
showing an inversion of chromosome 7.

Case report

Two months prior to her first visit to our institute, a 39-year-
old woman noticed swelling of the distal ring finger. She was

@ Springer
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Fig. 1 Plain mdiograph showing an oval shaped exophytic bone
lesion arising from the distal part of the middle phalanx {(Jeff). During
the course of 4 months, the size of the tumor increased (right)

referred to our institute upon diagnosis of a bone tumor by her
local hospital. She stated that she had experienced no episode
of trauma. Clinical examination revealed a hard mass on the
ulnar side at the level of the distal phalangeal joint of the left
ring finger. Mobility of the lesion to the middle phalanx was
not observed. Radiographs showed an exophytic lesion with a
clear margin originating from the surface of the distal middle
phalanx (Fig. 1). Periosteal bone formation was not observed.
The size of the mass on the radiograph was 7.5 x 4.4 mm.
MRI showed a lesion with low intensity on Tl-weighted
imaging, which was adjacent to the proximal phalanx. The
lesion had heterogeneous signal intensity covered by a
high-signal intensity arca on T2-weighted imaging (Fig. 2.
During the course of 4 months—6 months afier the lesion

Fig. 2 A Tl-weighted MRT im-
age shows a low intensity mass
adjacent to the proximal phalanx
(lefhy. A T2-weighted image
shows the lesion has heteroge-
neous signal intensity with cov-
erage of a high intensity area
(arrows) (right}

&) Springer

Fig. 3 CT depicts an exophytic bone lesion with continuity to the
bone marrow of the host bone ag well as cortical continuity

was initially noticed——the size of the tumor had enlarged
to 10.0 x 5.0 mm {Fig. 1). CT showed an exophytic bone
lesion arising from the phalanx. The cortex of the host bone
continued to the lesion without a border at the base, The
central part of the lesion had continuity with the underlying
bone marrow of the host bone (Fig. 3). Adjacent to the base,
a clear zone between the lesion and the host bone was
observed.

Based upon a clinical diagnosis of BPOP, resection of
the tumor was performed. The surface of the lesion was
covered by fibrous tissue. The rescction included the
surrounding fibrous tissuc and the adjacent host bone.
Histopathology of the lesion showed three commponents:
cartilage, bone, and spindle cells (Fig. 4a). Irregular
ossification was seen in the cartilage and bone tissue,
which formed bone trabeculae (Fig. 4b). The bone




