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Abstract

Objectives: The accurate distinction of leiomyoma from leiomyosarcoma is essential for patient management. However, the
distinction can be difficult to make, particularly in tissue biopsy samples. Inmunohistochemistry has been established as a useful
technique to aid in the diagnosis of malignancies. The advantages of immunohistochemical studies are their ease of use and
interpretation. This study is the first to evaluate the utility of the promyelocytic leukemia zinc finger (PLZF) protein and the
histone 1.5 (HI.5) protein as potential diagnostic immunohistochemical markers for distinguishing leiomyosarcoma from
leiomyoma. Methods: Tissue samples from 2| leiomyosarcomas and 26 leiomyomas were studied. The student t-test and the
Fisher exact test were used to calculate the differences in staining between the 2 groups. Results: Statistically significant dif-
ferences were found in the staining indices of anti-PLZF and anti-HI.5 when comparing benign and malignant tumors (P < .0001
and P < .0001, respectively). The mean HI.5 staining score in leiomyosarcomas was 158.3, compared to 28.3 in leiomyomas.
The mean PLZF score in leiomyosarcomas was |.5 in contrast to 71.5 in leiomyomas. For HI.5 at a score >60, the sensitivity
and specificity were 90.5% and 84.6%, respectively. For PLZF, a score <I5 had a test sensitivity and specificity of 100% and
80.8%, respectively. This suggests that staining for H1.5 or PLZF can serve as a good screening test. Additionally, combining the
2 immunostains results in a sensitivity and specificity of 90.5% and 97.5%, respectively, in differentiating between leiomyoma and
leiomyosarcoma. Conclusions: We describe immunostaining for PLZF and H1.5 in benign and malignant uterine smooth muscle
tumors. Statistically significant differences in staining patterns were found, suggesting utility in distinguishing leiomyosarcomas
from leiomyomas.
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in tissue samples.”” However, certain variants of leiomyoma—
namely cellular, atypical, mitotically active, myxoid, or epithe-
lioid subtypes—may exhibit atypical histologic features and
unusual growth patterns.”” Conversely, some low-grade forms

Introduction

Leiomyosarcoma is a rare malignant tumor that constitutes
2% to 7% of uterine malignancies.' The frequency of leio-
myosarcoma is 0.64/100 000 women per year, with a preva-
lence of 0.23% tol1% in patients operated on for presumed
leiomyoma.>™ Although the incidence is low, uterine leiomyo-
sarcoma is an aggressive malignancy with a poor prognosis;
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whereas leiomyoma is the most common benign uterine tumor.
Hence, accurate diagnosis is essential. The clinical presentation
of leiomyosarcoma is similar to that of leiomyoma, with pre-
senting signs and symptoms of vaginal bleeding, infertility,
and pelvic pain.’

Currently, leiomyosarcoma and leiomyoma are distinguished
histopathologically by the mitotic index, the presence or absence
of tumor cell necrosis, and the degree of nuclear pleomorphism
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of leiomyosarcoma—particularly the myxoid or epithelioid var-
iants—can be difficult to distinguish from myxoid or epithelioid
leiomyomas.”® Such variants make the distinction of leiomyo-
sarcomas from benign smooth muscle tumors challenging. For
these cases, the discovery of a reliable cellular or tissue marker
to unambiguously distinguish leiomyosarcoma from leiomyoma
would be of considerable value. A number of proteins have been
found to be expressed in leiomyosarcoma including angiogenic
factors, vascular endothelial growth factor (VEGF), VEGF
receptors, epidermal growth factor receptor,'®'" phosphatase
and tensin homolog,12 Ki-ras,13 MDM2,13 Ki-67,5’8’14 p16,5 A15
and p53.%%!> However, none of these markers have been found
to be clinically useful because they either stain positively in
both benign and malignant smooth muscle tumors or they
show immunostaining that is difficult to interpret.'®

The promyelocytic leukemia zinc finger (PLZF) protein is
a DNA-binding transcriptional repressor.'” Immunohisto-
chemistry (IHC) has revealed that PLZF is highly expressed
in endometrial and myometrial cells during the secretory phase,
with regulation by progesterone.'® Additionally, the protein has
been shown to be downregulated in hematopoietic malignancies,
mesothelioma, melanoma, and lung cancer.!%?*

Histone 1.5 (HL1.5) is a protein responsible for chromatin
structure and folding that has been shown to play a role in tran-
scriptional regulation.?>® Immunohistochemical staining of the
protein is strong in prostate cancer and in pulmonary neuroendo-
crine tumors, correlating with worsening disease.*""?’

This is the first study to explore the utility of immunohis-
tochemical staining of PLZF and HI1.5 in the distinction of
leiomyosarcoma from leiomyoma. We expect that PLZF is
underexpressed and H1.5 is overexpressed in leiomyosarcoma
based on the aforementioned studies of other malignancies.

Materials and Methods

Archival slides from the Mount Sinai Hospital Department of
Pathology, comprising leiomyosarcomas and leiomyomas sam-
ples, were selected based on their respective pathology reports.
Age and race were recorded. Histologic diagnoses were con-
firmed for all samples by 1 gynecologic pathologist (TK) who
reviewed all of the hematoxylin and eosin (H&E) slides and
selected 1 representative section from each case. The institu-
tional review board of the Mount Sinai School of Medicine
approved the study protocol.

Immunohistochemistry

Consecutive tissue sections were cut at 5-pum thickness from
representative formalin-fixed and paraffin-embedded sections
and placed on positively charged slides. A set of 3 consecutive
sections from each sample was subjected to IHC with anti-
PLZF and anti-H1.5, as well as H&E staining. For immunos-
taining, slides were deparaffinized with a xylene and alcohol
series. Rehydration was followed by incubation with 3%
hydrogen peroxide for 10 minutes to block endogenous perox-
idase activity. Slides were then processed for antigen retrieval

with 10 mmol/L citrate buffer (pH 6.0) using a pressure cooker
(Pascal; Dako Cytomation, Glostrup, Denmark) for 4 minutes at
125°C, followed by slow cooling. The samples were washed in
phosphate-buffered saline (PBS; 137 mmol/L sodium chloride,
2.7 mmol/L potassium chloride, 4.2 mmol/L sodium phosphate,
and 1.5 mmol/L potassium phosphate). They were then incubated
for 2 hours at room temperature with mouse monoclonal anti-
PLZF (D-9; sc-28319, Santa Cruz Biotechnology, Santa Cruz,
California) at 1:1000 dilution or with rabbit monoclonal anti-
H1.5 (Abcam, ab18208, Cambridge, Massachusetts) at 1:800
dilution, along with 1% bovine serum albumin and 5% normal
goat serum in PBS. The reaction was amplified using the UltraVi-
sion Quanto Detection System HRP (Thermo Fisher Scientific,
Waltham, Massachusetts) according to the manufacturer’s proto-
col. Immunoreactivity was visualized with diaminobenzidine,
and slides were counterstained with hematoxylin, dehydrated,
and coverslipped.

Morphologic Evaluation

The diagnoses of leiomyoma and leiomyosarcoma were estab-
lished by examination of H&E-stained sections. Leiomyosar-
coma was diagnosed if at least 2 of the following features
were present: diffuse moderate to severe cytologic atypia, a
mitotic index of more than 10 mitotic figures per ten 400x
power fields, and tumor cell necrosis. Immunohistochemical
staining for both PLZF and H1.5 was scored in a semiquanti-
tative fashion incorporating both the intensity and the extensive-
ness of staining. A staining score was generated by multiplying
the percentage of positively stained tumor cells by the degree
of staining intensity. Intensity was quantified as follows: 0 (no
staining); 1+ (weak but detectable above control); 24+ (moder-
ate, distinct); and 3+ (strong). The staining score ranged from
0 to 300. Only nuclear staining was considered specific. Control
myometrium slides showed minimal background staining.

Statistical Analysis

The staining differences between leiomyoma and leiomyosar-
coma were evaluated by the Student ¢ test and Fisher exact
test. A P value of <.05 was considered statistically significant.
Based on the final diagnosis and the staining score of each
sample, a receiver—operating characteristic (ROC) curve was
generated to illustrate the relation between sensitivity and
specificity. Threshold values for differentiating between leio-
myoma and leiomyosarcoma were determined, according
to the ROC curves. These cutoff scores were used to deter-
mine sensitivity and specificity. The statistical power of each
immunohistochemical marker was evaluated using a post hoc
2-tailed, 2-sample power analysis. Statistical analysis was
performed using SPSS19 and STATA10 software.

Results

A total of 47 cases, 26 leiomyomas and 21 leiomyosarcomas,
were evaluated. Patients with leiomyoma were younger than
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Table |. Characteristics of Women With Leiomyoma Versus
Leiomyosarcoma.

Leiomyoma Leiomyosarcoma P
(n = 26) (n =121) Value

Age, mean (SD) 40.1 (7.9) 56.6 (10.3) <.001
Ethnicity .04
Caucasian 7 (26.9%) 17 (81.0%)
African American 6 (23.1%) 3 (14.2%)
Hispanic 6 (23.1%) 0 (0.0%)
Asian 3 (11.5%) 0 (0.0%)
Unknown 4 (15.4%) | (4.8%)

Abbreviation: SD, standard deviation.

those with leiomyosarcoma (P < .001). Table 1 shows the
characteristics of the cases.

The expressions of PLZF and H1.5 were examined by [HC
(Figures 1 and 2). There was a statistically significant differ-
ence in the staining with anti-PLZF and anti-H1.5 between
both groups (Table 2). The mean H1.5 staining score was
158.3 (95% confidence interval [CI] 125-192) in the leiomyo-
sarcoma group and 28.3 (95% CI 16-41) in the leiomyoma
group (P <.0001). On the other hand, the mean PLZF staining
score was 1.5 (95% CI —0.3-3.3) in the leiomyosarcoma
group and 71.5 (95% CI 52-91) in the leiomyoma group
(P <.0001).

Although all of the leiomyosarcoma samples stained nega-
tively or weakly for PLZF (14 of 20 [70%] had no staining),
most of the leiomyoma samples displayed moderately posi-
tive staining. On the other hand, most of the leiomyosarcoma
samples stained intensely for H1.5 (16 of 21 [76%]). In other
words, PLZF and H1.5 showed inversely correlated staining
in both leiomyoma and leiomyosarcoma.

A range of cutoff values is demonstrated in the ROC curve
analysis (Figure 3 and Table 3). A staining score >60 for H1.5
was found to have a sensitivity and a specificity of 90.5% and
84.6%, respectively. A staining score <15 for PLZF had a
specificity of 80.8% and a sensitivity of 100%. Additionally,
the sensitivity and specificity were found to be 90.5% and
97.5%, respectively, if both tests were used together. This
suggests that both of these markers are good screening tests,
alone or combined.

The post hoc power analysis using the average staining
scores and standard deviations of each PLZF and H1.5, with
an o value of 1%, showed that the study was 100% powered.

Discussion

The identification of a molecular marker that can complement
histologic evaluation in distinguishing leiomyoma from leio-
myosarcoma would be of clinical value for both pathologic
diagnosis and optimal patient management. However, a reli-
able positive biomarker or a biomarker panel that can unam-
biguously distinguish between these 2 entities is yet to be
reported.

In this study, we demonstrate that PLZF and H1.5 are
inversely correlated as immunohistochemical biomarkers for
leiomyosarcoma and leiomyoma. Although PLZF staining is
virtually negative in leiomyosarcoma, H1.5 strongly stains
in this malignancy. Conversely, leiomyoma shows moderate
staining for PLZF and weak staining for H1.5.

Promyelocytic leukemia zinc finger belongs to the family
of Kruppel-like zinc finger proteins. The PLZF gene, Zfp145,
was first identified in acute promyelocytic leukemia.*® The
protein is localized to distinct nuclear foci and appears to
interact with the promyelocytic leukemia and BCL6 proteins
in large nuclear bodies.'*?*** Overexpression of PLZF protein
leads to suppression of cell growth.'” In embryogenesis, PLZF
has been noted to be a repressor of HOX and BMP genes.*®
Additionally, PLZF has been implicated in limb development,
differentiation of myeloid cells, and spermatogenesis.'’

Fahnenstich et al observed that PLZF is upregulated in a
cyclical manner in female bovine reproductive tissues and sub-
sequently investigated the protein’s presence in tissue samples
from hysterectomies performed for uterine prolapse or leio-
myomata. Using immunofluorescence, PLZF was shown to
be highly expressed in the nuclei of endometrial stromal cells
and myometrial smooth muscle cells during the secretory phase
of the menstrual cycle.'® As expected, we found that PLZF is
upregulated in leiomyoma. Both estrogen and progesterone
are required for the growth of leiomyomas. Progesterone acts
on the nuclear and the cytoplasmic progesterone receptors to
inhibit cell death and to stimulate proliferation. The regulation of
PLZF has been found to be progesterone-mediated, further sup-
porting our findings.'® We demonstrated that 70% of the leio-
myosarcoma samples did not have detectable PLZF staining,
suggesting that this transcriptional repressor is downregulated
in patients with leiomyosarcoma. Although the role of progester-
one in patients with leiomyosarcoma is not well understood,
patients with progesterone receptor (+) disease confined to the
uterine body are thought to have better prognosis.®'

Histone 1.5 is a complex family of linker proteins that are
responsible for chromatin higher order structures. These iso-
zymes localize to the base of nucleosomes near the DNA
entry and exit sites to stabilize 2 full turns of DNA. They are
also involved in packaging DNA into chromatin, regulating
nucleosome spacing, and stabilizing the 10 nm chromatin
fibers.>>%¢ It is not well known whether each subtype has a dis-
tinct role or whether each regulates specific promoters.>*>
Histone 1.5 proteins are also effective inhibitors of nucleosome
sliding, consequently, blocking accessibility to transcription
factors or RNA polymerase.”>** A recent study showed that the
subtype H1.5 cooperates with the transcription factor MSX1
for inhibition of specific target promoters in myogenesis.>®
Histone 1.5 has also been suggested to maintain pluripo-
tency/self-renewal in embryonic stem cells.*® In prostate can-
cer, H1.5 was found to have a direct correlation with the
Gleason pattern.”’ In pulmonary neuroendocrine tumors,
HI1.5 stains strongly in high-grade and weakly in low-grade
malignancies.”! We found 76% of leiomyosarcomas in our
study to have strong nuclear staining for H1.5. This finding
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Figure |. Expression of histone 1.5 (H1.5) and promyelocytic leukemia zinc finger (PLZF) in leiomyosarcoma. Diaminobenzidine (DAB). 400 x.
A, Hematoxylin and eosin (H&E) staining; (B) H1.5 staining (dilution 1/800) and; (C) PLZF staining (dilution 1/1000).

Figure 2. Expression of histone 1.5 (HI.5) and promyelocytic leukemia zinc finger (PLZF) in leiomyoma. Diaminobenzidine (DAB). 400x. A,
Hematoxylin and eosin (H&E) staining; (B) H1.5 staining (dilution 1/800); and (C) PLZF staining (dilution 1/1000).

Table 2. PLZF and H1.5 expression in both groups.

N  Mean Staining Score  Standard Deviation

PLZF
Leiomyoma 26 715 47.8
Leiomyosarcoma 20 1.5 3.9
HI.5
Leiomyoma 26 283 30.7
Leiomyosarcoma 21 158.3 739

Abbreviations: H1.5, histone |1.5; PLZF, promyelocytic leukemia zinc finger.

suggests that H1.5 may play a role in the pathogenesis of
leiomyosarcoma.

Although our results were statistically significant, the study was
limited by the small sample size. Leiomyosarcoma is a rare malig-
nancy; performing an analysis on a larger sample would require a
multicenter approach. The medical center at which this study was
conducted is a tertiary referral hospital located in Manhattan, where
many of the patients are caucasians. This makes generalization to

other races or ethnic backgrounds difficult. The control group was
randomly chosen from patients who received surgery during the
same time period as the patients with leiomyosarcoma. The
patients were not matched according to age or tumor size.
Unfortunately, the groups had a statistically significant differ-
ence in age. This could be explained by the fact that many of the
control patients were still premenopausal and were therefore still
symptomatic. On the other hand, the patients with leiomyosar-
coma may have developed symptoms in the postmenopausal
period. These issues might be more appropriately addressed in a
larger study with a case-matched control group.

Straightforward cases of both leiomyoma and leiomyosarcoma
were intentionally chosen for study. The true value of the chosen
biomarker panel would be in the ability to accurately diagnose chal-
lenging variants in which morphology alone cannot clarify benign
from malignant behavior, namely, in cellular, atypical, mitotically
active, and epithelioid variants of leiomyoma as well as myxoid
variants of leiomyosarcoma. Additionally, the diagnostic criteria
used were stringent and did not include smooth muscle tumors of



Momeni et al

1175

Area Under the Curve = 0.9337
1.00 o — é
0.75 —~
= d
=
S 0.50 y
5 yd
7] S
///
Ve
0.25 - 4
0.00
T T T T
0.25 0.50 0.75 1.00
1 - Specificity

Area Under the Curve = 0.9441
1.00
0.75 /"
= e
= e
@ 0.50 1
5 4
] /,r’
y
r//,,
0.25 4 2
[&]
y e
0.004 »
— T T T T
0.00 0.25 0.50 0.75 1.00
1 - Specificity

Figure 3. Promyelocytic leukemia zinc finger (PLZF) and histone 1.5 (H1.5), receiver—operating characteristic (ROC) curves A, ROC curve for

PLZF and (B) ROC curve for HI.5.

Table 3. Sensitivity and Specificity of HI.5 and PLZF Immunostaining for Detecting Leiomyosarcoma at Various Cutoff Values.”

H1.5 Cutoff Correctly PLZF Cutoff Correctly
Value Sensitivity, % Specificity, % Classified, % Value Sensitivity, % Specificity, % Classified, %
>0 100.00 0.00 44.68 =0 70.00 92.31 82.61
>5 100.00 7.69 48.94 <l 85.00 88.46 86.96
>7.5 100.00 23.08 57.45 <5 90.00 84.62 86.96
>10 100.00 26.92 59.57 <10 95.00 80.77 86.96
>15 100.00 42.31 68.09 <I5 100.00 80.77 89.13
>225 100.00 53.85 7447 <30 100.00 76.92 86.96
>30 95.24 65.38 78.72 <35 100.00 73.08 84.78
>37.5 90.48 69.23 78.72 <40 100.00 69.23 82.61
>40 90.48 76.92 82.98 <50 100.00 65.38 80.43
>50 90.48 80.77 85.11 <60 100.00 61.54 78.26
>60 90.48 84.62 87.23 <75 100.00 38.46 65.22
>67.5 85.71 84.62 85.11 <80 100.00 34.62 63.04
>75 80.95 84.62 82.98 <85 100.00 30.77 60.87
>90 80.95 92.31 87.23 <90 100.00 26.92 58.70
>120 76.19 96.15 87.23 <100 100.00 23.08 56.52
Abbreviations: H1.5, histone 1.5; PLZF, promyelocytic leukemia zinc finger.

? The bold values signify the optimal cutoffs.

uncertain malignant potential. The combination of PLZF and H1.5 Funding

may be useful in diagnosis of difficult cases of leiomyosarcoma,
especially the more uncommon variants.

We propose that when used with histologic criteria, PLZF
and H1.5 immunostains can be useful adjuncts in distinguish-
ing between malignant and benign smooth muscle tumors,
increasing the pathologist’s level of confidence in establishing
a definitive diagnosis. Using these 2 tests together, the sensitiv-
ity and specificity are 90.0% and 92.0%, respectively. Further
research using ambiguous pathology samples would aid in
determining the true value of the immunohistochemical panel.
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