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Abstract: The diagnosis of uterine smooth muscle tumors including leiomyosarcomas (LMS), smooth muscle tumors
of uncertain malignant potential (STUMP), bizarre (atypical) leiomyoma (BLM), mitotically active leiomyoma (MAL)
and leiomyoma (LM) depends on a combination of microscopic features, such as mitoses, cytologic atypia, and co-
agulative tumor cell necrosis. However, a small number of these tumors still pose difficult diagnostic challenges. The
assessment of accurate mitotic figures (MF) is one of the major parameters in the proper classification of uterine
smooth muscle tumors. This assessment can be hampered by the presence of increased number of apoptotic bod-
ies or pyknotic nuclei, which frequently mimic mitoses. Phospho-histone H3 (PHH3) is a recently described immuno-
marker specific for cells undergoing mitoses. In our study, we collected 132 cases of uterine smooth muscle tumors,
including 26 LMSs, 16 STUMPs, 30 BLMs, 30 MALs and 30 LMs. We used mitosis specific marker PHH3 to count mi-
totic indexes (MI) of uterine smooth muscle tumors and compared with the mitotic indexes of hematoxylin and eosin
(H&E). There is a positive correlation with the number of mitotic figures in H&E-stained sections and PHH3-stained
sections (r=0.944, P<0.05). The ratio of PHH3-MI to H&E-MI has no statistically significant difference in each group
except for LMs (P>0.05). The counting value of PHH3 in LMSs have significantly higher than STUMPs, BLMs, MALs
and LMs (P<0.001) and the counting value of PHH3 is 1.5+0.5 times of the number of mitotic indexes in H&E. To
conclude, our results show that counting PHH3 is a useful index in the diagnosis of uterine smooth muscle tumors
and it can provide a more accurate index instead of the time-honored mitotic figure counts at a certain ratio.
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Introduction (atypical) leiomyoma (BLM), mitotically active
leiomyoma (MAL) and smooth muscle tumors of

Uterine smooth muscle tumors are the most uncertain malignant potential (STUMP) is stren-

frequent neoplasms in the female genital tract
[4]. It occurs in nearly 40% of women older than
35 years. Uterine leiomyosarcomas (LMS) are
relatively rare smooth-muscle tumors, account-
ing for approximately more than 50% of uterine
sarcomas and 1.3% of all uterine malignancies
[2]. Most leiomyomas (LM) and leiomyosarco-
mas (LMS) are readily diagnosed based on a
combination of mitoses, cytologic atypia, and
coagulative tumor cell necrosis (CTCN). The
mitotic index (MI) count is one of the most
important criterions used to diagnose malig-
nancy in smooth muscle tumors of uterus.
However, the distinction uterine LMS from
benign leiomyoma variants, such as bizarre

uous. The assessment of the malignant poten-
tial can sometimes be also difficult, especially
when a difficulty in recognizing mitotic figures
occurs or clumped and degenerative nuclei are
misinterpreted as mitotic figures [3]. Moreover,
the mitotic figure count is a time-consuming
and cumbersome task, even for the senior
pathologists, especially for the inexperienced
histopathological doctors. Therefore it is neces-
sary that the application of immunohistochem-
istry for the identification of mitotic figures to
facilitate mitotic counting [4]. It has been shown
recently in the literature that there is a strong
correlation between PHH3 and mitotic figures
[5-9]. This essay describes our finding in the
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Figure 1. Histopathology of leiomyosarcoma (A), uncertain malignant poten-
tial (B). Expression of PHH3 in leiomyosarcoma (C), uncertain malignant po-
tential (D). Phosphohistone-H3 PHH3 staining, mitotic figures stain chocolate
brown, leiomyosarcoma has more mitotic figures than uncertain malignant

s tion, antigen retrieval with
& pressure cooker). Ki-67 was
detected using a Ki-67 mono-

ey SRy clonal rabbit antibody (mono-

clonal, ZSGB-BIO; working
solution, antigen retrieval with
pressure cooker). Paraffin
blocks were sectioned at 4
pm and mounted on charged
slides, deparaffinized in
xylene, and rehydrated
through a graded alcohol
series to distilled water.
Endogenous peroxidase activ-
ity was blocked and heat-
induced antigen retrieval was
carried out by immersion of
the sections in ethylene
diamine tetra acetate buffer
(PHH3, pH 8.0; Ki-67, PH=9.0)
and incubation in an auto-
clave (Matachana, Barcelona,
Spain) at 120°C for 2 min-

potential (C, D). Inset: high-power detail of one anti-PHH3-immunostained utes. Immunohistochemical

mitotic figure in leiomyosarcoma and high-power detail of H&E in all 2 cases.

(H&Ex200; IHCx200).

correlation of mitotic figures with hematoxylin
and eosin (H&E) and mitosis-specific reagent
PHH3 stain in uterine LMSs, STUMPs, benign
leiomyoma variants. We also compared the
mitotic index of H&E with proliferation index
ki-67, followed by the correlation analysis.

Materials and methods
Tissue collection

This retrospective study included 132 cases of
uterine smooth muscle tumors (30 cases of
LMs, 30 cases of MALs, 30 cases of BLMs, 16
cases of STUMPs and 26 cases of LMSs)
selected from the files of 2007 to 2014 at the
department of pathology of Tianjin Central
Hospital of Gynecology and Obstetrics in China.
All H&E-stained slides diagnoses were reviewed
and reconfirmed by several senior pathologists.
Microscopic characteristics such as nuclear
atypia, mitotic activity, coagulative tumor cell
necrosis, cellularity, vascular invasion, and bor-
ders with the adjacent tissue were all
considered.

Immunohistochemistry

PHH3 was detected using a PHH3 polyclonal
antibody (polyclonal, ZSGB-BIO; working solu-
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stains were performed using
the Dako Autostainer (Dako
Cytomation, Carpinteria, CA).
The slides were incubated with the primary
antibodies using optimized protocols. The per-
oxidase-labeled polymer was applied for 30
minutes at room temperature. The detection
system used was EnVision (Dako, Glostrup,
Denmark) with diaminobenzidine as the chro-
mogen. The slides were subsequently washed
in water, counterstained with hematoxylin,
dehydrated, and mounted. Adequate immuno-
reactive tissue samples were used as positive
controls for each antibody. Negative controls
were produced by omission of the primary
antibodies.

Mitotic figures counting

The cases were evaluated independently in
double-blind fashion by 3 pathologists. One of
the observers is a junior resident in our training
program with only limited experience in diag-
nostic pathology. The other two observers are
senior pathologists. H&E mitotic data was the
average number of the 2 senior pathologists.
PHH3 mitotic data was counted by a senior
pathologist. Mitotic counts were performed in
the most mitotically active areas and the num-
ber of mitoses in 10 consecutive high power
fields (HPF) was counted [10, 11]. Positive ki-67
cells were also counted in 10 consecutive high
power fields. Mitotic figures were defined as

Int J Clin Exp Pathol 2015;8(5):4418-4426
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Figure 2. Histopathology of mitotically active leiomyoma (A), bizarre (atypical) leiomyoma (B) and leiomyomas (C).

Expression of PHH3 in mitotically active leiomyoma (D), bizarre (atypical) leiomyoma (E) and leiomyomas (F). Phos-
phohistone-H3 PHH3 staining, mitotic figures stain chocolate brown. Inset: high-power detail of H&E in all 3 cases.

(H&E*200; IHCx200).

cells in metaphase(clumped chromatin and
chromatin arranged in a plane), and anaphase/
telophase (separated clumped chromatin). The
definition for what was considered a mitotic fig-
ure was analogous to the definition described
in detail by Vandiest and coworkers [12]. Briefly,
the criteria included absence of a nuclear mem-
brane, hairy extensions of nuclear material,
either clotted (beginning metaphase), in a
plane (metaphase/anaphase), or in separate-
clors (telophase) [13]. No hyperchromatic or
pyknotic nuclei were counted, because these
cells may well represent cells undergoing necro-
sis or apoptosis, as emphasized by Elston and
Ellis [14].

Statistical analysis

One-Way ANOVA and Spearman correlation
methods were used for evaluation of data. A
P-value <0.05 was considered to be statistical-
ly significant. Data were stored and analyzed
using the SPSS 13.0 statistical software.

Results

Clinical information of 132 cases of uterine
smooth muscle tumors

The average patient age is 43.8+9.6 years
(mean ages in LMS, STUMP, BLM, MAL, LM
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groups are 49.6, 46.7, 42.0, 41.9, 41.0 respec-
tively). All 132 uterine smooth muscle tumors
measured in diameter from 0.6 to 25 cm (mean
6.7 cm, and mean diameter in LMS, STUMP,
BLM, MAL, LM groups are 7.7,6.8,5.9, 7.1, 6.7
cm respectively). There are no statistically sig-
nificant differences of diameter between any
two groups of LMS, STUMP, BLM, MAL, LM
(P>0.05).

Evaluation of PHH3 immunostaining

Mitotic figures were detectable both within H&E
and PHH3-immunostained sections. Overall
PHH3 labeled cells undergoing the cell cycle,
from prophase to telophase, revealing a strong
brown staining of condensed chromosome.
Anti-PHH3 labeled MFs were easily observed
which permitted quick identification of the area
of highest mitotic activity for subsequent count-
ing (Figures 1, 2). Leiomyosarcomas have sig-
nificantly higher mitotic figures of PHH3 label-
ing index than STUMPs, BLMs, MALs and LMs
(Figures 1, 2).

Results of anti-PHH3-labeled MI counts,
H&E-stained MI counts and Ki-67 proliferation
index in 132 cases of uterine smooth muscle
tumors

Anti-PHH3-labeled MI counts, H&E-stained Ml
counts and Ki-67 proliferation index in 132

Int J Clin Exp Pathol 2015:8(5):4418-4426
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Table 1. Mitotic figures (MF) of each group on H&E, immunohistochemical analyses of PHH3, ki-67,
ratio of PHH3-MF to H&E-MF, proliferation index Ki67 to H&E-MF in all five groups

Subset LM LMS STUMP BLM MAL
H&E-MF 24.2+13.8 10.6+4.6 3.7£2.0 9.41£3.6 1.5+£0.7
PHH3-MF 34.1+19.9 15.145.2 5.2+3.1 14.0+5.6 3.1+1.3
Positive ki-67cells 1013.0+396.5 856.3+632.3 122.2+88.56 49.6+29.4
65.0+24.3

PHH3-MF/H&E-MF 1.4+0.4 1.5+0.3 1.5+£0.6 1.5+0.4 2.2+1.0
Positive ki-67cells/H&E-MF 62 +66 82151 41+29 791451 47122

*Data are given as mean * SD.
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Figure 3. Results of MI quantitation on H&E-stained sections, anti-PHH3-
labeled M, proliferation index ki-67 and their relationships in 132 uterine
smooth muscle tumors. The polynomial regressions are shown in green, blue
and khaki.

cases of uterine smooth mus-
cle tumors are 13.6+14.6,
9.4410.4, 493.5+495.6 re-
spectively. The detail statis-
tics in each group of uterine
smooth muscle tumors are
shown in Table 1. There are
statistically significant differ-
ences of mitotic index be-
tween H&E, PHH3 and Ki67
proliferation index (P<0.05).

Correlation of anti-PHH3-
labeled Ml counts and H&E-
stained MI counts

Results of MI quantitation on
H&E-stained sections, anti-
PHH3- labeled M, ki-67 prolif-
eration index and their rela-
tionships in 132 uterine
smooth muscle tumors are
summarized in Figure 3.
Generally as shown in Table 1,
anti-PHH3- labeled Ml is higer
than H&E-stained MI counts
in each group. A strong corre-
lation was found between

Ar 5 Bu them (r=0.964, P<0.05).
£, . veee 2 Ratio of anti-PHH3-labeled MI
% . =300 o to Ml on H&E was basically
i e P S ﬁm . constant from 1.4-2.2 (Table
I 2] wyp see *®  amm E o® . e 1; Figure 4A).
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Figure 4. A. PHH3-MI/H&E-MI (/10HPF) in all five groups of uterine smooth
muscle tumors. Except LM, the means of the rate are almost equal in the
rest four groups. B. Positive ki-67 cells/HE-MI (/10HPF) in all five groups of
uterine smooth muscle tumors. The means of the rate are jagged in all five
groups.

There is also a positive corre-
lation between H&E-stained
Ml counts and proliferation
index ki67 (r=0.643, P<0.05,

4421 Int J Clin Exp Pathol 2015;8(5):4418-4426
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Table 2. Immunohistochemistry results for PHH3 in all

5 groups of uterine smooth muscle tumors

muscle tumors of uterus. However, count-
ing mitotic figure is difficult and tedious

PHH3-MF PHH3-MF PHH3-MF PHH3-MF

even for the experienced pathologist.

Subset Cases

Interobserver and intraobserver variabili-

05 5-10 11-20 >20
LMS 26 2(8%)  1(4%)  1(4%) 22 (84%)
STUMP 16  1(6%) 2(13%) 13(81%) 0 (0%)
BLM 30 19(63%) 9(30%) 2(7%) 0 (0%)
MAL 30  0(0%) 9(30%) 19(63%) 2 (7%)
LM 30 30(100%) 0(0%) 0(0%) 0 (0%)

ty may be problematic, especially in
lesions with many pyknotic/degenerating
hyperchromatic nuclei.

PHH3 begins at the Ser 10 and 28 posi-
tions in late G2 phase of the cell cycle and

Figure 3). However, H&E-MI and anti-PHH3-
labeled MI are distributed more closer, while
the distribution of proliferation index ki67 are
more diffuse (Figure 5). Furthermore, prolifera-
tion index ki67 and mitotic index on H&E have
no obvious regular relationship of ration which
is between 41-82 (Table 1; Figure 4B). There is
statistically significant difference between the
ratio of H&E-MI to anti-PHH3- labeled MI and
that of H&E-MI to proliferation index ki67
(P<0.05).

Distribution interval of anti-PHH3-labeled MI
in different groups of uterine smooth muscle
tumors

Immunohistochemistry results for PHH3 in all
each group of uterine smooth muscle tumors
are summarized in Table 2 and shown in Figure
5A. Briefly, Leiomyosarcomas have significantly
higher Anti-PHH3-labeled MI counts than
STUMPs, BLMs, MALs and LMs (P<0.001).
Although there were occasional exceptions, the
mitotic index more than 20 was seen in approx-
imately 85% of LMSs. The mitotic index based
on PHH3 count form 11 to 20 is 81% in STUMPs
and 63% in MALs. The counting value of PHH3
within the interval of O to 10 is 93% in BLMs.
The number of mitotic figures no more than 5 is
seen in nearly 100% of LMs (Table 2). Mitotic
index in STUMP and MAL groups is higher than
that in BLM and LM groups (P<0.001), which
can also be demonstrated by Figure 5A.

Discussion

Accurately diagnosing malignant from benign
uterine smooth muscle neoplasms is clinically
important for patient management. However,
due to the overlapping features between malig-
nant and benign smooth muscle tumors, the
differential diagnosis is challenging sometimes.
The mitotic figure count is one of the most
important criterions used to diagnose smooth
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proceeds throughout prophase. De-
phosphorylation begins in anaphase and
is completed immediately before detectable
chromosome decondensation in telophase. It
has been demonstrated the PHH3 has been
shown to be spatially and temporally correlated
with chromatin condensation and can be
detected by a highly specific antibody binding
to the phosphorylated form of the amino-termi-
nus of histone H3 at Ser28 [5, 15, 16].
Immunohistochemistry (IHC) for PHH3 has
been used for mitotic cell counting in different
types of tumors as marker of cells in late G2
and M Part., such as breast [6], meningiomas
[7, 8], colorectal [17], ovarian serous adenocar-
cinomas [18] and atypical granular cell tumors
[19].

One of our major concerns when designing this
study was to compare the staining pattern of
PHH3 and the mitotic index on H&E, trying to
find the specific values of multiple relationships
between them. Furthermore, we also explore
the application using mitotises specific marker
PHH3 in differentiating LMS from STUMP and
benign leiomyoma variants, such as bizarre
(atypical) leiomyoma (BLM), mitotically active
leiomyoma (MAL).

The detection of mitotic figures via pHH3 IHC
analysis has been described as having superior
sensitivity due to enhanced detection of pro-
phase cells and better specificity due to lack of
staining in apoptotic cells, which was also con-
firmed in our study. As might have been antici-
pated, PHH3-positive MF counting provided
greater sensitivity in MF detection, with
increased mean MF counts in all five groups
(Table 1; Figure 3).

The repeatability of counting mitotic index
between different observers is poor. In our
department more than three doctors count
mitotic index with a difference even from18 to
37. Anti-PHH3 labeled MFs were easily seen
and permitted quick identification of the area

Int J Clin Exp Pathol 2015;8(5):4418-4426
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of highest mitotic activity for subsequent count-
ing. Mitoic figures with many pyknotic/degener-
ating hyperchromatic nuclei of LMS on H&E
sections where mitotic figures were not readily
identified showed positive stain with PHH3, so
the real mitotic figures can be seen easily.
However some suspected mitotic figures are
confirmed that they are not really mitoses by
negative PHH3 staining (Figure 6).
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Figure 6. A. There are many pyknotic/degenerating hyperchromatic nuclei in
this case. Medium magnification of LMS on hematoxylin and eosin section
where mitotic figures were not readily identified. B. Mitotic indexes reveal
a strong brown staining of condensed chromosome. (H&Ex200; IHCx200).
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Figure 5. A. PHH3-MI per 10 HPF in all 5
groups of uterine smooth muscle tumors. B.
H&E-MI per 10 HPF in all 5 groups of uterine
smooth muscle tumors. C. Positive ki-67 cells
per 10 HPF in all 5 groups of uterine smooth
muscle tumors. Comparison of the three pic-
ture, We can find A and B is closer to scat-
ter distribution, and the gap is big between
Aand C.

Multiple studies have demon-
strated strong correlation
between PHH3-based IHC
and standard mitotic counts
performed on samples stain-
ed with H&E [6, 7, 14]. The
strong correlation between
anti-PHH3 labeled Mls and
mitotic index with H&E has
been confirmed in our study.
We showed the counting value
of PHH3 in uterine smooth
muscle tumors. The anti-
PHH3 labeled counts of 132
uterine smooth muscle tu-
mors were compared with
H&E-stained MI counts. Generally anti-PHH3-
labeled Ml is higer than H&E-stained MI counts
in each group and strong correlation was found
between them (r=0.964, P<0.05).

Furthermore, it is demonstrated in our study
that the ratio of anti-PHH3 labeled MI to H&E-
stained MI counts is ba sically constant (Table
1) which can also be clarified by Figure 4 very

Int J Clin Exp Pathol 2015;8(5):4418-4426
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Figure 7. Histopathology (A) and expression of PHH3 (B) in myxoid leiomyo-
sarcoma (H&Ex200; IHCx200) Inset: high-power detail of one anti-PHH3-

immunostained mitotic figure.

well. In the former 4 groups except LMs , anti-
PHH3 labeled Ml are about 1.5 times as high as
H&E-stained MI counts, and the difference of
the standard deviation is small.

However the mitotic index ratio of PHH3 to H&E
in LM group is 2.5, much higher than that in
other four groups. We think the probable rea-
son is due to the low quantitation of mitotic
index in LM group. MFs counted on H&E is gen-
erally within 0-2, while PHH3 is between 2 to 4.
Although the number of mitotic index is small,
the ratio of PHH3-MF/HE-MF is amplified from
1to 4.

Despites the ratio relationship between leio-
myoma group and the other four groups is dif-
ferent, it is still within 2.5 times. As benign leio-
myomas have no significant cytologic atypia, so
it makes little sense to count mitotic figures. To
conclude, we think that the counting value of
PHH3 can to some extent provide more accu-
rate index instead of the time-honored mitotic
figure counts.

There are positive correlations with the number
of mitotic figures between H&E and PHH3 as
well as H&E and proliferation index ki-67
(r=0.964, r=0.643 respectively). Compared
with Ki67, PHH3 can present a closer situation
of true mitotic figures. First of all PHH3 showed
a stronger relation with mitotic figures (r=0.964
ve. r=0.643), in which the correlation coeffi-
cient is closer to 1. As also showed in Table 1,
there is a basically constant ratio of mitotic
index ranged from 1.5-2.5 between PHH3 and
H&E, especially in the former 4 smooth muscle
tumor groups whose deviation is small.
However, proliferation index ki-67 and mitotic
figures have no obvious there has showed no
regular ratio relationship of proliferation index
ki-67 to mitotic figures on H&E, which ranged
from 41-82.
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Although Ki-67 is an estab-
lished marker for determining
the proliferation rate of many
tumors, H.A. LEHR ea al sug-
3 gest that Ki-67 immunohisto-

AR T | chemistry can not be trans-
\ N

N lated by a simple conversion
“ 1 factor into combined prognos-

- tic scores to replace the time-
honored mitotic figure counts
[20]. For one, Ki-67 marks
cells in all non-GO phases of
the cell cycle and thus has a
much larger number of cells
that present mitotic figures (only G2/M phase
cells). In short, the use of ki-67 in replacing
mitotic figure counts is limited.

The utility of PHH3 immunostain also plays an
important role in identifying different catego-
ries of uterine smooth muscle tumors. We have
demonstrated that there is significantly higher
anti-PHH3-labeled Ml in uterine leiomyosarco-
mas compared with usual leiomyoma, leiomyo-
ma variants and STUMPs. The number of mitot-
ic figures more than 20 was seen in
approximately 0% of LMs, 7% of MALs, 0% of
BLMs, 0% of STUMPs and 85% of LMSs (Table
2). There are only 4 cases that mitotic index
less than 20, in which three quarters are myx-
oid leiomyosarcoma cases (Figure 7). Atkins et
al [21] puts forward that it can be distinguished
benign from malignant myxoid tumor if there
are more than two mitotic figures per 10 HPF,
regardless of any atypical or necrosis. Except of
myxoid leiomyosarcomas, the counting value of
PHH3 more than 20 is seen in approximately
96% of LMSs. That is to say, if the counting
value of PHH3 is more than 20, we consider
this case has a higher chance to be malignant.
The most important meaning for the interval of
more than 20 is to help differentiate LMS with
STUMP.

81% STUMPs and 63% MAL with anti-PHH3-
labeled MI ranged from 11 to 20. However
according to morphology they are easy to distin-
guish without other special indicators. Despites
similar mitotic index between STUMPs and
MAL, STUMPs have some other morphology
features such as cytologic atypia or coagulative
tumor cell necrosis. Mitotic index in LM and
BLM groups distribute mostly in the interval of
0-10 with 93% of BLM and 100% of LM in our
study. However BLM have moderate to severe
nuclear atypia, easy to identify based on mor-

Int J Clin Exp Pathol 2015;8(5):4418-4426
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phology. To conclude, according to the numeri-
cal interval of PHH3 and morphology features
on H&E, pathologists can easily classify differ-
ent subtypes of smooth muscle tumors, as well
as help the differential diagnosis and avoid
misdiagnosis.

Veras et al [22] demonstrated that PHH3 is a
useful tool in the correct interpretation of chal-
lenging uterine smooth tumors in regards to
their mitotic index. There is only one article with
PHH3 to count mitotic figures in gynecology.
Which only concerned the LMSs and STUMPs.
Our study not only enlarged the sample size
and categories of smooth muscle tumors, but
also evaluated the specific ratio relationship of
mitotic index between PHH3 and H&E.

In short, counting mitosis is relatively conve-
nient with PHH3 immunostaining, especially in
lesions with many pyknotic, degenerating and
hyperchromatic nuclei and let along it can
reduce interobserver and intraobserver vari-
ability. Moreover counting PHH3 is a useful
index in the diagnosis of uterine smooth mus-
cle tumors which can provide a more accurate
index instead of the time-honored mitotic figure
counts at a certain ratio.
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