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Normal, Hyperplastic and Malignant Endometrial Tissue:
an Immunohistochemical Analysis

IOANNIS MYLONAS!, JOSEF MAKOVITZKY?, NAIM SHABANI,
DAGMAR-ULRIKE RICHTER?, UDO JESCHKE!, VOLKER BRIESE? and KLAUS FRIESE!

!First Department of Obstetrics and Gynecology, Ludwig Maximilians University, Munich;
°Department of Obstetrics and Gynecology, University of Rostock, Rostock, Germany

Abstract. Parathyroid hormone-related peptide (PTH-rp) is
a peptide initially purified from tumors with hypercalcemia,
which is also produced in human endometrium. The aim of
this study was to determine the frequency and tissue
distribution of PTH-rp in normal, hyperplastic and malignant
endometrium. Materials and Methods: Paraffin-fixed
endometrial tissue was obtained randomly from women in the
proliferative (n=4), early secretory (n=5) and late secretory
(n=5) phases, as well as glandular-cystic hyperplasia (n=>5),
adenomatous hyperplasia (AH) grade I (n=5), grade II
(n=4), grade III (n=4) and endometrioid adenocarcinoma
grade I (n=5). The PTH-rp expression was evaluated by
immunohistochemical procedure. A semiquantitative analysis
and a statistical evaluation was performed. Results:
Immunohistochemical reaction with PTH-rp was primarily
observed in glandular and luminal epithelial cells. Stromal and
myometrial cells also expressed PTH-rp. The expression of
PTH-rp in glands was significantly higher during the late
secretory than in the proliferative phase. The highest expression
was observed during AH grade III, while the lowest reaction
was detected in the proliferative phase and adenocarcinoma.
Discussion: PTH-rp was expressed in normal, hyperplastic and
malignant endometrial tissue. A cyclical expression of PTH-1p
in normal glandular epithelium was observed, being more
prominent in the late secretory phase. AH grade I to III also
expressed PTH-rp with higher immunostaining than
adenocarcinoma. Since AH grade III can be considered as a
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precursor of endometrial cancer, PTH-rp could be a marker of
cell transformation. Endometrioid adenocarcinoma expressed
the lowest PTH-rp immunostaining, indicating either a lower
expression or a reflection of an increased PTH-1p shedding of
malignant transformed endometrium. Further studies are
required to establish the usefuleness of PTM-rp as a marker in
different endometrial pathologies.

Parathyroid hormone (PTH)-related protein (PTH-rp) was
first isolated as a circulating factor responsible for
malignancy-associated hypercalcemia (1). The tumor-
produced PTH-rp binds at the amino-terminus to the
common PTH/PTH-rp receptors in bone and kidney,
causing hypercalcemia. PTH-rp exists in isoforms of 139,
141 and 173 amino acids with a 70% homology with PTH
for the first 13 amino acids (2). Approximately 80% of
hypercalcemic patients with solid tumors have detectable or
increased plasma PTH-rp concentrations. (3).

PTH-rp mRNA or protein has been identified in the
uterus, mammary tissue, ovary, placenta, testis and prostate
and in the oviduct and shell gland of the chicken (4).
PTH-rp is expressed and secreted by a variety of normal
human tissues (5), including amnion, chorion, placenta,
myometrium and decidua during pregnancy (6, 7). PTH-rp
is also produced by normal endometrium with a cyclical
expression pattern during the normal menstrual cycle (8).

High PTH-rp concentrations were demonstrated in rat
myometrium during pregnancy, with the highest levels being
in myometrial tissues of uterine horns occupied by the fetus
(9). Additionally, estrogen treatment of nonpregnant rats
caused an increase in PTH-rp mRNA levels in myometrial
tissue (10). Previously, PTH-rp was demonstrated in human
endometrial stromal cells in culture with an increase of
PTH-rp after treatment with transforming growth factor-
beta (11). PTH-rp is known to produce relaxation in smooth
muscle cells (12, 13) and has also been shown to dilate
placental blood vessels (14).
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Table 1. The German and WHO nomenclature for hyperplastic pathology
of human endometrium.

German classification WHO classification

Glandular-cystic hyperplasia Simple hyperplasia

Adenomatous hyperplasia grades I and II Complex hyperplasia

Adenomatous hyperplasia grade III Atypical hyperplasia

Although hypercalcemia is observed in cases of
endometrial carcinomas, it is still a rare condition. There
are limited data regarding the PTH-rp expression in
hyperplastic ~and  malignant endometrial tissue.
Hypercalcemia was diagnosed in patients with endometrial
clear cell adenocarcinoma (15), adenosquamous carcinoma
(16) and papillary serous carcinoma (17). However,
hyperplastic lesions and adenocarcinoma have not been
studied to date.

Therefore, the aims of this study were: a) the
determination of the frequency and tissue distribution
patterns of PTH-rp in normal, hyperplastic and malignant
endometrium, and b) the assessment of PTH-rp expression
as an immunohistochemical marker for premalignant
endometrial lesions.

Materials and Methods

Paraffin-fixed endometrial tissue was randomly obtained from
premenopausal women in the proliferative phase (n=5), early
secretory phase (n=5) and late secretory phase (n=4), as
previously described (18, 19). Additionally, endometrial samples
diagnosed with glandular-cystic hyperplasia (n=5), benign
endometrial polyps (n=5), endometrial polyps caused by tamoxifen
(n=5), adenomatous hyperplasia (AH) grade I (n=4), grade II
(n=5), grade III (n=5) and well-differentiated endometrioid
adenocarcinoma (G1) (n=5) were obtained. Histopathological
evaluation of the samples was performed according to Dallenbach
and Poulson (20). The German and WHO nomenclatures for
endometrial hyperplastic pathologies are listed in Table I.
Recently, we have used the former classification to assess the
cathepsin D (21) and CA-125 (22) immunohistochemical
expression in human hyperplastic and malignant endometrial
tissue, demonstrating a continuous significant increase of both
parameters between AH grades I and III, while another research
group, using the WHO classification, could not demonstrate such
differences (23).

Immunohistochemical staining with PTH-rp antibody
(parathyroid hormone related peptide (PTH-rp) 14-28, Human,
N-terminal, rabbit IgG, dilution 1:100, Biotrend, Cologne,
Germany) was performed with the Nexus©Autostainer and a
DAB staining protocol with the use of a microwave (Ventana
Medical System, Tuscon, AZ, USA), as previously described (19,
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21). Briefly, the slides were air-dried, then incubated with
inhibitor serum and protease solution. This protease solution
(protease reagent 1; Ventana Medical System) contains an
alkaline protease, an endopeptidase of the serine protease
family. Incubations with biotinylated antibodies avidin-
peroxidase were subsequently performed, followed by several
washing steps with PBS after each incubation step, as described
by the manufacturer. Visualization of peroxidase activity was
performed with DAB and H,0, and counterstaining was
performed with hematoxylin/blueing reagent. Positive cells
showed a brownish color and negative controls as well as
unstained cells were blue. The standardization, dilution and
optimization of this protocol were primarily tested on
endometrial samples from the secretory phase.

The intensity and distribution patterns of the specific PTH-rp
immunohistochemical staining reaction were evaluated using the
semiquantitative score (graded as 0=no, 1=weak, 2=moderate
and 3=strong staining). Sections were examined using an
Olympus (Tokyo, Japan) photomicroscope. Digital images were
obtained with a digital camera system (Olympus) and were saved
on computer. The results were evaluated using the ANOVA
analysis for comparison and assessment of significant differences
of the means (SPSS, Chicago, IL, USA). Significance was
assumed at p<0.05.

Results

The immunohistochemical reaction with the PTH-rp
antibody was observed in glandular epithelial, stromal and
myometrial cells. In glandular epithelial cells, PTH-rp was
distribute primarily on the basal cell surface with a lower
intensity on the apical cell side in the proliferative phase
(Figure 1), while during late secretory phase, a diffuse
immunostaining was observed (Figure 2). Stromal cells
also expressed the PTH-rp antigen, but with an
undifferentiated pattern (Figure 3). Interestingly,
myometrial cells expressed PTH-rp with an
undifferentiated pattern throughout the menstrual cycle
(Figure 4). The staining reaction became more intense in
glandular epithelial cells during the menstrual cycle, being
significantly higher during the late secretory phase than
the proliferative phase (Figure 5). Endometrial
hyperplasia and endometrioid adenocarcinomas where
also positive for PTH-rp antigen. In hyperplastic
endometrial tissue, the highest expression of PTH-rp was
observed in AH III, which was statistically significantly
higher when compared to AH I and II (Figure 6). The
lowest expression of PTH-rp was observed in
adenocarcinoma. The immunohistochemical expression
was heterogeneous within the tumors, whereas differences
in the staining intensity between different glands in
individual tumor sections resulted in a focal
immunohistochemical-positive reaction. AH grades I-II1
had a significantly higher PTH-rp expression than
endometrioid adenocarcinoma, which was statistically
significantly lower compared to all groups (Figure 6).
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Figures 1-4. Immunohistochemical localization of PTH-rp in human endometrium. A weak positive immunohistochemical staining, primarily in
glandular epithelial cells during the proliferative phase is present. PTH-1p is present at the apical and basal cell surface (Fig. 1, x250). Staining intensity
becomes more intense during progression of the menstrual cycle, being significantly higher during the late secretory phase (Fig. 2, x125). Stromal cells (Fig.
3, x400) and myometrial cells (Fig. 4. x250) also expressed PTH-rp, but in a undifferentiated distribution pattern.

Discussion

PTH-rp is expressed and secreted in a variety of normal tissue
(5), including human placenta (6, 7) and normal endometrium
(8). We demonstrated, by immunohistochemical methods, that
human normal, hyperplastic and malignant endometrial tissue
also expressed PTH-rp in a differential way.

PTH-rp expression was observed in endometrial
glandular epithelial cells, stromal cells and endometrial
smooth muscle cells, confirming previous results (8, 11, 24,
25). A cyclical expression pattern of PTH-rp was
demonstrated in normal human endometrial glandular
epithelial cell tissue. Recently, PTH-rp and PTH-rp
receptor mRNA was also detected in normal human
endometrium (8). Competitive RT-PCR revealed that the
expression of PTH-rP mRNA was higher during the
proliferative phase than in the secretory phase, with no
statistical differences in the PTH/PTH-rP receptor mRNA
expressions (8). However, we identified a significant rise

between the proliferative and the secretory phase of
immunoreactive PTH-rp in glandular epithelial cells. This
PTH-rp distribution pattern in normal endometrium
suggests that this peptide is a secretory product of human
endometrial cells. However, the precise function in normal
human endometrial tissue remains to be elucidated. Marked
induction of PTH-rp expression by mechanical stretch and
vasoconstrictor agents, together with its ability to relax
smooth muscle, indicate an autocrine or paracrine role in
the control of blood flow or response to contractile stimuli
in the human uterus. PTH-rp expression in glandular
endometrial epithelium was related to the menstrual cycle,
being more prominent in the late secretory phase.
Therefore, it might function in an autocrine or paracrine
manner to control blood flow, especially during the late
secretory phase. The significantly higher PTH-rp expression
in the late secretory phase could also reflect an increased
shedding of the transformed secretory endometrium and a
paracrine role in endometrial function and maturation.

1635



ANTICANCER RESEARCH 25: 1633-1638 (2005)

O proliferative phase B early secretory phase B late secretory phase

3.5 ; Figure 5.
3.
2
g 2.5
o
w
g e 2 * Figures 5-6. Immunoreactive score of the PTH-rp expression in normal,
E hyperplastic and malignant endometrium. Expression of PTH-rp was
E 15 4 significantly higher during the late secretory phase than the proliferative
5— phase (Fig. 5,*). A continuous increase in PTH-rp expression was found
E 1 4 in AH, with significant differences between AH grades I and II compared
@ to AH grade I1II (Fig. 6,* arrow). The PTH-rp expression in endometrial
0.5 - cancer was the lowest observed, being significantly lower than in all groups
(Fig. 6,**). Values represent means = SEM. Significance was taken at
0 p<0.05 (asterisks).
Figure 6.
3.5 - l
*
34
0]
'g 2.5 1 '|' * *
2]
1]
2 24
L
=
5 1.5 #
3 ok
=
= 4
m 1
w
0.5 -
0 T T T T \
glandular-cystic adenomatous adenomatous adenomatous endometrioid

hyperplasia

Probably, PTH-rp might have at least two distinct roles in
the uterus: a relaxing action on the muscle and a novel effect
either within the uterine lumen or the endometrial layer, as
previously suggested for rat endometrial tissue (13).

We also demonstrated immunohistochemical staining
reactions of PTH-rp in hyperplastic and malignant
endometrial tissue. Interestingly, diffuse cytoplasmic
staining was found in hyperplasia, a clinico-pathological
result of unopposed estrogen effects. Estrogen might act
directly in endometrial normal stroma cells to increase
PTH-rP mRNA levels and PTH-rP protein production (11).
Therefore, an association of PTH-rp with the endometrial
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estrogen metabolism might be possible in hyperplastic
tissue, although such data are still missing. In adenomatous
hyperplasia, a high PTH-rp immunostaining was observed.
This might suggest a functional role in endometrial
pathogenesis, either by influencing the cells or by regulating
the uterine blood flow. Since AH grade III can be
considered a precursor of endometrial cancer, PTH-rp
could be a marker of cell transformation. Further, because
adenomatous hyperplasia, and especially AH grade III, can
be considered as a precursor lesion of endometrial cancer,
PTH-rp could be a possible marker in assessing malignant
transformation
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Endometrial carcinomas can arise from hyperplastic
precursor lesions, probably due to unopposed stimulation by
estrogen. The estrogen-dependent type of endometrial
carcinomas consist of histopathologically well-differentiated
endometrioid carcinomas (G1-G2), although some types of
endometrial cancer might be estrogen-independent (26). In
human endometrial cancer cells, the precise expression and
regulation of PTH-rp is still unknown. The significantly lower
PTH-rp expression in well-differentiated estrogen-dependent
endometrioid carcinomas may also reflect increased shedding
of the transformed endometrium, although serological data
are still missing. Interestingly, the potent vasorelaxant
PTH-rp expression is modulated by transforming growth
factor-beta (TGF-f) in normal endometrial stromal cells (27).
Although TGF-f plays a substantial role in endometrial
carcinogenesis (28), a possible relationship between these two
substances in endometrial cancer has not yet been elucidated.
However, in breast cancer, PTH-rp has been associated with
enhanced metastasis to the bone (29, 30). The lower
expression of PTH-rp might explain the low bone metastatic
potential of endometrial adenocarcinomas. Although PTH-rp
was expressed in endometrial adenocarcinomas, it might be a
more useful marker in the follow-up of patients with non-
endometrioid tumors.

In conclusion, we showed an expression of PTH-rp in
normal and hyperplastic endometrial tissue with highest
expression in the late secretory menstrual phase and
hyperplastic lesions. However, the prognostic value of
PTH-rp expression in pathological endometrial conditions still
remains uncertain. An increase in PTH-rp immunostaining
was observed in AH. Since AH grade III can be considered as
a precursor of endometrial cancer, this cytokine could be a
possible parameter for assessing malignant transformation. In
summary, this initial study suggests a widespread but complex
role for PTH-rp in hyperplastic and malignant endometrial
growth regulation.

Acknowledgements

We would like to thank Mrs. Hoffer and Mrs. Winzer for their
excellent work with the paraffin-fixed endometrial samples.

References

1 Wysolmerski JJ and Broadus AE: Hypercalcemia of
malignancy: the central role of parathyroid hormone-related
protein. Annu Rev Med 45: 189-200, 1994.

2 Thiede MA and Rutledge SJ: Nucleotide sequence of a
parathyroid hormone-related peptide expressed by the 10 day
chicken embryo. Nucleic Acids Res 18: 3062, 1990.

3 Burtis WJ, Brady TG, Orloff JJ, Ersbak JB, Warrell RP Jr,
Olson BR, Wu TL, Mitnick ME, Broadus AE and Stewart AF:
Immunochemical characterization of circulating parathyroid
hormone-related protein in patients with humoral
hypercalcemia of cancer. N Engl J Med 322: 1106-1112, 1990.

4 Thiede MA: Expression and regulation of the parathyroid
hormone-related protein gene in tumors and normal tissues.
Halloran BP and Nissenson RA [n: Parathyroid Hormone-
related Protein: Normal Physiology and its Role in Cancer.
CRC Press, 1992.

5 Strewler GJ: The physiology of parathyroid hormone-related
protein. N Engl J Med 342: 177-185, 2000.

6 Ferguson JE, 2nd, Seaner RM, Bruns DE, Iezzoni JC and
Bruns ME: Expression and specific immunolocalization of the
human parathyroid hormone/parathyroid hormone-related
protein receptor in the uteroplacental unit. Am J Obstet
Gynecol 179: 321-329, 1998.

7 Ferguson JE 2nd, Gorman JV, Bruns DE, Weir EC, Burtis WJ,
Martin TJ and Bruns ME: Abundant expression of parathyroid
hormone-related protein in human amnion and its association
with labor. Proc Natl Acad Sci USA 89: 8384-8388, 1992.

8 Hoshi S, Morimoto T, Saito H, Ichizuka K, Matsuoka R,
Yanaihara A, Suzuki M, Yanaihara T and Okai T: PTHrP and
PTH/PTHrP receptor expressions in human endometrium.
Endocr J 48: 219-225, 2001.

9 Thiede MA, Daifotis AG, Weir EC, Brines ML, Burtis WJ,
Ikeda K, Dreyer BE, Garfield RE and Broadus AE:
Intrauterine occupancy controls expression of the parathyroid
hormone-related peptide gene in preterm rat myometrium.
Proc Natl Acad Sci USA 87: 6969-6973, 1990.

10 Thiede MA, Harm SC, Hasson DM and Gardner RM: In vivo
regulation of parathyroid hormone-related peptide messenger
ribonucleic acid in the rat uterus by 17 beta-estradiol.
Endocrinology 728: 2317-2323, 1991.

11 Casey ML, Mibe M and MacDonald PC: Regulation of
parathyroid hormone-related protein gene expression in human
endometrial stromal cells in culture. J Clin Endocrinol Metab
77: 188-194, 1993.

12 Mok LL, Cooper CW and Thompson JC: Parathyroid hormone
and parathyroid hormone-related protein inhibit phasic
contraction of pig duodenal smooth muscle. Proc Soc Exp Biol
Med 191: 337-340, 1989.

13 Williams ED, Leaver DD, Danks JA, Moseley JM and Martin
TJ: Effect of parathyroid hormone-related protein (PTHrP) on the
contractility of the myometrium and localization of PTHrP in the
uterus of pregnant rats. J Reprod Fertil 7102: 209-214, 1994.

14 Heffner LJ, Kumari M and Benoit LA: Secretion of the
vasoactive peptides, endothelin, and parathyroid hormone-
related peptide, by decidual explants from pregnancies
complicated by intrauterine growth restriction. J Soc Gynecol
Investig 6: 273-277, 1999.

15 Hiller N, Sonnenblick M and Hershko C: Paraneoplastic
hypercalcemia in endometrial carcinoma. Oncology (Huntingt)
46: 45-48, 1989.

16 Buller R, Taylor K, Burg AC, Berman ML and DiSaia PJ:
Paraneoplastic hypercalcemia associated with adenosquamous
carcinoma of the endometrium. Gynecol Oncol 40: 95-98, 1991.

17 Sachmechi I, Kalra J, Molho L and Chawla K: Paraneoplastic
hypercalcemia associated with uterine papillary serous
carcinoma. Gynecol Oncol 58: 378-382, 1995.

18 Mylonas I, Speer R, Makovitzky J, Richter DU, Briese V,
Jeschke U and Friese K: Immunohistochemical analysis of
steroid receptors and glycodelin A (PP14) in isolated glandular
epithelial cells of normal human endometrium. Histochem Cell
Biol 114: 405-411, 2000.

1637



ANTICANCER RESEARCH 25: 1633-1638 (2005)

19

20

2

—_

22

23

24

25

Mylonas I, Jeschke U, Winkler L, Makovitzky J, Richter DU,
Briese V and Friese K: Immunohistochemical expression of
inhibin-alpha in human endometrium and the in vitro secretion
of inhibin, estradiol and cortisol in cultured human endometrial
glandular cells. Arch Gynecol Obstet 268: 142-150, 2003.
Dallenbach-Hellweg G and Poulsen H: Atlas
Histopathologie des Endometriums. Springer, 1985.
Mylonas I, Makovitzky J, Richter DU, Jeschke U, Briese V and
Friese K: Cathepsin D expression in normal, hyperplastic and
malignant endometrial tissue: an immunohistochemical analysis.
Acta Histochem 105: 245-252, 2003.

Mylonas I, Makovitzky J, Richter DU, Jeschke U, Briese V and
Friese K: Immunohistochemical expression of the tumour
marker CA-125 in normal, hyperplastic and malignant
endometrial tissue. Anticancer Res 23: 1075-1080, 2003.
Ioachim E, Kitsiou E, Charalabopoulos K, Mitselou A,
Zagorianakou N, Makrydimas G, Tzioras S and Salmas M:
Immunohistochemical evaluation of cathepsin D in normal,
hyperplastic and malignant endometrium: correlation with
hormone receptor status c-erbB-2, p53, Rb proteins and
proliferation associated indices. Int J Gynecol Cancer 13: 344-
351, 2003.

Paspaliaris V, Vargas SJ, Gillespie MT, Williams ED, Danks
JA, Moseley JM, Story ME, Pennefather JN, Leaver DD and
Martin TJ: Oestrogen enhancement of the myometrial response
to exogenous parathyroid hormone-related protein (PTHrP),
and tissue localization of endogenous PTHrP and its mRNA in
the virgin rat uterus. J Endocrinol 734: 415-425, 1992.

Casey ML and MacDonald PC: The endothelin-parathyroid
hormone-related protein vasoactive peptide system in human
endometrium: modulation by transforming growth factor-beta.
Hum Reprod 17: 62-82, 1996.

der

1638

26

27

28

29

30

Sherman ME: Theories of endometrial carcinogenesis: a
multidisciplinary approach. Mod Pathol 73: 295-308, 2000.
Casey ML, Mibe M, Erk A and MacDonald PC: Transforming
growth factor-beta 1 stimulation of parathyroid hormone-
related protein expression in human uterine cells in culture:
mRNA levels and protein secretion. J Clin Endocrinol Metab
74: 950-952, 1992.

Gold L and Parekh TV: Loss of growth regulation by
transforming growth factor-beta (TGF-beta) in human cancers:
studies on endometrial carcinoma. Semin Reprod Endocinol
73-92: 1999.

Guise TA, Yin JJ, Taylor SD, Kumagai Y, Dallas M, Boyce BF,
Yoneda T and Mundy GR: Evidence for a causal role of
parathyroid hormone-related protein in the pathogenesis of
human breast cancer-mediated osteolysis. J Clin Invest 98:
1544-1549, 1996.

Guise TA, Yin JJ, Thomas RJ, Dallas M, Cui Y and Gillespie
MT: Parathyroid hormone-related protein (PTHrP)-(1-139)
isoform is efficiently secreted in vitro and enhances breast
cancer metastasis to bone in vivo. Bone 30: 670-676, 2002.

Received August 2, 2004
Accepted February 4, 2005



