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Abstract

Prostatic Acid Phosphatase (PAP) is mostly found in the epithelial cells and secretions of the prostate
gland. It has also been found to be present in several tissues and biological fluid. Gross cystic breast
disease is the commonest benign breast condition and several studies have shown that women with
pal pabl e breast cysts may have ahigher risk of devel oping breast cancer. There aretwo types of breast
cyst and women with apocrine breast cyst may have a higher risk of developing breast cancer than
women with breast cysts lined by flattened epithelium. The growth inhibitory effect of transforming
growth factor beta (TGF-f) on epithelial cells suggests a potential protective role in breast cancer.
TGF- is secreted as a high molecular weight complex in a biologically inactive or latent form
and activation of TGF-f is necessary for the exertion of its effects on target cells. Prostate specific
antigen (PSA) has been found in breast cyst fluid (BCF) and it may have a protective effect on the
development of several carcinomas by activating TGF-f3. As a similar molecule to PSA, PAP may
also involve in this mechanism. We investigated the presence of PAP in two groups of BCF using
an ELISA kit. PAP was found to be present in BCF but there was not a statistically significant
difference between the two cyst groups. The presence of PAP in BCF may suggest its possible role
in the development of breast cancer from cystic breast diseases. A possible role of PAP on TGF-3
activation needs further investigation.
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INTRODUCTION

Human Prostatic acid phosphatase (PAP) is a
major phosphatase and a differentiation marker
in normal, well-differentiated prostate epithelial
cells! PAP, a 100-kDa glycoprotein containing
two subunits of approximately 50 kDa each,
was first described in 19362 and has served as a
tumour marker of prostate cancer. PAP levels
in serum, caused by PAP-secreting tumour cells,
are elevated in patients at all stages of prostatic
carcinoma and it was suggested to be a more
accurate indicator of micrometastatic disease
compared to the Gleason score and prostate
specific antigen (PSA) level.* In addition,
PAP is a promising target molecule in specific
immunotherapy for metastatic androgen-
independent prostate cancer.®

The tissue distribution of PAP has been
believed to be restricted to the prostate
and prostate carcinoma.®’” However, there
were several reports showing that PAP is
expressed in tissues other than the prostate and
prostate cancer.®'? It has been reported to be

immunohistologically positivein neuroendocrine
tumours in the pancreas,”* small intestine and
pancreas endocrine tumours,** hindgut-origin
tumours,® pancreatic islet cell carcinoma® and
adenocarcinomas of the urinary bladder.'s It
has also been suggested to be a tumour marker
of intravascular large B-cell lymphomas'” and
found to be expressed in oesophageal and lung
squamous carcinoma cells.?® Recently, PAP was
revealed to be expressed in different types of
adenocarcinomas, including colon, gastric and
breast cancer.®®

Gross cystic breast disease is the commonest
benign breast condition affecting 1 in 20 women
in the western world. There are two groups
of breast cysts: lined either by metaplastic
epithelium (intracystic Na/K less than 3, type I)
or flattened epithelium (intracystic Na/K greater
than 3, type II).%° Patients with type | cysts are
more likely to develop further cysts than women
with type Il cysts and patients who develop
large numbers of cysts almost always have type
| cysts.? Several large studies have shown the
risk of breast cancer in women with gross cystic
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disease to be 1.7 to 7.5 times higher and women
with apocrine breast cysts may haveahigher risk
of developing breast cancer than women who
have breast cysts lined by flattened epithelium.*
“Histological risk factorsfor breast cancer have
been also reported to be more common with type
| cysts.??

Transforming growth factor-beta (TGF-p)
family comprises a superfamily of ligands
that includes the TGFs, activins, Mullerian
inhibiting substance and bone morphogenic
proteinsthat are potent regulators of cell growth
and devel opment. TGF-[3 hasbeenisolated from
avariety of tissues and has a broad spectrum of
effects on many cell types. TGF-f stimulatesthe
growth of cells of mesenchymal origin* and
inhibits the growth of epithelial, endothelial,
fibroblast, neuronal, lymphoid and hematopoietic
cells as well as normal cells.®

Although, five different members of the TGF-
B subfamily have been identified to date, three
of these isoforms, TGF-f3,, TGF-f3, and TGF-8,,
arepresent inmammals, including humans. Their
amino acid sequences ranges from 64-82%.
The TGF-B dimers consist of two chains of the
same type yielding the homodimers.»?” After
synthesis, two chains of pro-TGF-3 associate
to form a disulfide-bonded dimer. Therefore,
the mature TGF-3 needs to be released from the
latent complex in an event called activation.?®
TGF-B can be activated in vitro by multiple
mechanisms, including proteolysis, enzymatic
deglycosylation and acid treatment.?® However,
the in vivo mechanism of this activation is still
mainly unknown.

The previous finding of PSA in breast cancer®
and breast cyst fluid (BCF)* and PAPin different
typesof malignancies, particularly breast cancer®®
suggests that PAP may also be present in breast
cyst fluid. Therefore, the aim of this study was
to investigate the presence of PAP in the two
groups of breast cysts.

MATERIALSAND METHODS

Patient samples

Breast cyst fluid was obtained by fine needle
aspiration from 32 women (19 apocrine and 13
flattened cysts) attending the Breast Clinic in the
Department of General Surgery. Samples were
centrifuged for 20 minutes at 1000g and the
supernatant stored at -70°C until assayed.

Measurement of Na and K
Intracystic Na and K concentrations were
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measured by an auto analyser (Beckman
Coulter).

Determination of prostatic acid phosphatase
activities

Prostatic acid phosphatase activities were
determined using an EL1SA kit which providesan
enzyme immunoassay for the specific recognition
of acid phosphatase 2 (DRG International,
Inc., USA). It is a solid phase enzyme-linked
immunosorbent assay.

Statistics

The results were expressed as median + SD. The
Mann-Whitney U test was used for statistical
analysis of the two groups. Spearman Correlation
Coefficient analysis was performed to test
the possible relations between prostatic acid
phosphatese and Na/K ratios and p<0.05 was
considered statistically significant.

RESULTS

Although PAPconcentrationsweredlightly higher
inthelow electrolyteratio group compared with
the high electrolyte ratio group (Table 1, Figure
1), this difference was not statistically significant
(p > 0.05).

There was also no statistically significant
correlation between breast cyst fluid PAP levels
and Na/K ratios (p > 0.05).

DISCUSSION

Relatively little is known about the
pathophysiology and pathogenesis of gross
cystic disease of breast. In an attempt to elucidate
the endocrinology of cystic breast disease,
many investigators have measured different
constituents in breast cyst fluid. Higher intracystic
concentrationsof certain mitogenic polypeptides,
such astransforming growth factor a.,*' epidermal
growth factor and gastrin releasing peptide’
and sex hormones, in particular estradiol,*
were present in the low electrolyte ratio group
than in the high electrolyte ratio group. This
may provide an explanation for the higher
risk of breast cancer which has been observed
in the low electrolyte ratio group in view of
the roles which these substances may have in
mammary carcinogenesis.** In human breast, a
preponderance of growth stimulation over growth
inhibition may lead to cellular over-production
and, possibly, malignant transformation.
However, thiscomplex mechanismisstill mainly
unknown.
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TABLE 1. Intracystic concentrations of prostatic acid phosphatasein the two cyst sub-groups.

Na/K < 3 (n = 19)

Na/K >3 (n=13)

mediantSD

median £SD p

PAP (ng/ml) 0.23+£0.15

0.05+0.10 0.448 (NS)

To date there has not been very much
attention paid to the presence of substances in
breast cyst fluid which exert growth inhibitory
effects on mammary epithelial cells. One of
those substances could be TGF-f, which was
found to be present in significantly higher levels
in the high electrolyte ratio group which is
associated with alower risk of breast carcinoma.’!
Transforming growth factor beta (TGF-B) is
involved in the regulation of cell growth and
function, particularly during development and
repair. Its growth inhibitory effect on epithelial
cellssuggestsapotential protectiverolein breast
cancer.’ TGF-f is secreted as a high molecular
weight complex in a biologicaly inactive or
latent form and activation of TGF-J3 is necessary
for the exertion of its effects on target cells.

The activation of TGF-f in the breast could be
a key point of this complex mechanism. TGF-3
activation was first described by Lawrence et
al. in cultured cells which contained TGF-3
activity after treatment with acid.* It has also
been shown that alkalinisation, exposure to
urea or guanidine hydrochloride and heating
at 100 °C for 3 minutes would similarly afford
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FIG. 1. PAP levels in two groups of breast cyst.
Continuous line represents the median, dashed
line represents the detection limit.

this activation in vitro.*¢ Enzymatically, some
proteases such as plasmin, cathepsin D, calphain
and Kato 11 cells, glycosidases, integrin o, B, and
trombospondin have also shown to have some
ability on the TGF-J activation in vivo.’*

In addition to these proteases, in a previous
study, we havefound that PSA, aserine protease,
is also present in breast cyst fluid.** PSA has
been also shown to be present in about 30% of
breast cancers®® and has been suggested to be a
favourable prognostic indicator for women with
breast cancer.** We could not find any statistical
difference in PSA concentrations between the
two cyst groups, like PAP levels in this study.
Recently, we have shown that plasmin was
also present in BCF and its concentrations are
significantly higher in type II (flattened) cysts
(paper submitted for publication)

It is clear that in vivo TGF-f activation is a
complex mechanism which may involve several
substances. Proteases may play animportant role
in the activation of TGF-f. In breast cyst fluid,
the finding of several different proteases like
cathepsin D, thrombospondin, PSA, plasmin and
PAPinthisstudy may support thisideaalthough,
it has not been shown to activate TGF-3 yet.
However, itisan enzyme, like PSA andinsimilar
mechanism it may connect to TGF-f activation.
Proteases, including PAP may be involved in
different stages of this activation process.

In conclusion, there was no statistically
significant difference in PAP levels between the
two cyst groups. PAP has been shown to be
present in different cancer types, in particular
breast cancer. The presence of PAP in BCF may
also suggest its possible role in the devel opment
of breast cancer from cystic breast diseases.
One of the possible mechanisms of PAP action
may be through the activation of TGF-f in the
similar manner of PSA. Cathepsin D, PSA,
thrombospondin, plasmin and PAP have been
found to be present in BCF and together, they
may help to cleave TGF-f3 fromitslatent proteins.
This complex mechanism including the exact
role of PAP in TGF-B activation needs to be
elucidated.

97



Malaysian J Pathol

REFERENCES

1.

10.

11.

12.

13.

14.

98

Lin MF, Lee CL, Wojcieszyn JW, Wang MC,
Valenzuela LA, Murphy GP, et al. Fundamental
biochemical and immunological aspectsof prostatic
acid phosphatase. Prostate 1980; 1: 415-25.
Gutman E, Sproul E, Gutman A. Significance of
increased phosphatase activity of bone at the site
of osteoblastic metastases secondary to carcinoma
of the prostate gland. Am J Cancer 1936; 28: 485-
95.

Jacobs EL, Haskell CM. Clinical use of tumor
markers in oncology. Curr Prob Cancer 1991; 15:
299-360.

Dattoli M, Wallner K, True L, Cash J, Sorace R.
Long-term outcomes after treatment with external
beam radiation therapy and palladium 103 for higher
risk prostate carcinoma: Influence of prostatic acid
phosphatase. Cancer 2003; 97: 979-83.

Burch PA, Croghan GA, Gastineau DA, Jones LA,
KaurJS, Kylstra JW, et al. Immunotherapy targeting
prostatic acid phosphatase can induce durable
remission of metastatic androgen-independent
prostate cancer: A Phase 2 trial. Prostate 2004; 60:
197-204.

Lam KW, Li CY, Yam LT, Sun T, Lee G, Ziesmer
S. Improved immunohistochemical detection
of prostatic acid phosphatase by a monoclonal
antibody. Prostate 1989; 15: 13-21.

Solin T, Kontturi M, Pohlmann R, Vihko P. Gene
expression and prostate specificity of human
prostatic acid phosphatase (PAP): Evauation by
RNA blot analyses. Biochim Biophys Acta 1990;
1048: 72-717.

Kamoshida S, Tsutsumi Y. Extraprostatic localization
of prostatic acid phosphatase and prostate-specific
antigen: Distribution in cloacogenic glandular
epithelium and sex-dependent expression in human
anal grand. Hum Pathol 1990; 21: 1108-11.
Kimura N, Sasano N. Prostate-specific acid
phosphatase in carcinoid tumors. Virchows Arch
A Pathol Anat Histopathol 1986; 410: 247-51.
Nowels K, Kent E, Rinsho K, Oyasu R. Prostate
specific antigen and acid phosphatase-reactive cells
in cystitis cysticaand glandularis. Arch Pathol Lab
Med 1988; 112: 734-7.

Sobin LH, Hjermstad BM, Sesterhenn IA, Helwig
EB. Prostatic acid phosphatase activity in carcinoid
tumors. Cancer 1986; 58: 136-8.

Yam LT, Janckila AJ, Li CY, Lam WK. Presence of
“prostatic” acid phosphatase in human neutrophils.
Invest Urol 1981; 19: 34-8.

Kaneko Y, Motoi N, Matsui A, Motoi T, Oka T,
Machinami R, et al. Neuroendocrine tumors of the
liver and pancreas associated with elevated serum
prostatic acid phosphatase. Intern Med 1995; 34:
886-91.

Jobsis AC, De Vries GP, Meijer AE, Ploem JS.
The immunohistochemical detection of prostatic
acid phosphatase: Its possibilities and limitations
in tumor histochemistry. Histochem J 1981; 13:
961-73.

. Choe BK, Pontes EJ, Rose NR, Choe BK, Pontes

EJ, Rose NR, et al. Expression of human prostatic

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

December 2007

acid phosphatasein apancreaticislet cell carcinoma.
Invest Urol 1978; 15: 312-8.

Epstein JI, Kuhajda FP, Lieberman PH. Prostate-
specific acid phosphatase immunoreactivity in
adenocarcinomasof the urinary bladder. Hum Pathol
1986; 17: 939-42.

Seki K, Miyakoshi S, Lee GH, Matsushita H, Mutoh
Y, Nakase K, et al. Prostatic acid phosphatase is a
possible tumor marker for intravascular large B-cell
lymphoma. Am J Surg Pathol 2004; 28: 1384-8.
Inoue Y, Takaue Y, Takei M, Kato K, Kanai S, Harada
Y, et al. Induction of tumor specific cytotoxic T
lymphocytesin prostate cancer using prostatic acid
phosphatase derived HLA-A2402 binding peptide.
J Urol 2001; 166: 1508-13.

Wang Y, Harada M, Yano H, Ogasawara S, Takedatsu
H, Arima Y, et al. Prostatic acid phosphatase
as a target molecule in specific immunotherapy
for patients with nonprostate adenocarcinoma. J
Immunother 2005; 28: 535-41.

Dixon JM, Miller WR, Scott WN, Forrest APM.
The morphological basis of human breast cyst
populations. Br J Surg 1983; 70: 604-6.

Dixon JM, McDonald C, Elton RA, Miller WR. Risk
of breast cancer in women with pal pable breast cyst:
a prospective study. Lancet 1999; 353: 1742-5.
Dixon JM, Lumsden AB, Miller WR. The
relationship of cyst type to risk factors for breast
cancer in patients with breast cystic disease. Eur J
Cancer Clin Oncol 1985; 21: 1047-50.
Haagensen CD. Diseases of the breast. 3rd ed. WB
Saunders, Philadelphia, 1986.

Mannello F, Tonti GAM, Papa S. Human gross
cystic breast disease and cystic fluid: bio-molecular,
morphological and clinical studies. Breast Can Res
Treat 2006; 97: 115-29.

Massague J, Cheifetz S, Laiho M, Ralph DA, Weis
FMB, Zentella A. Transforming growth factor .
Cancer Surveys 1992; 12: 81-103.

Shipley GD, Tucker RF, Moses HL. Type beta
transforming growth factor/growth inhibitor
stimulates entry of monolayer cultures of AKR-2B
cells into S phase after a prolonged prereplicative
interval. Proc Natl Acad Sci USA 1985; 82: 4147-
51.

Hyytiainen M, Penttinen C, Keski-Oja J. Latent
TGF-B binding proteins: Extracellular matrix
association and roles in TGF-f activation. Critical
Rev Clin Lab Sci 2004; 41:233-64.

Koli K, Saharinen J, Hyytiainen M, Penttinen
C, Keski-Oja J. Latency, activation and binding
proteins of TGF-beta. Microsc Res Tech 2001; 52:
354-62.

Yu H, Diamandis EP, Sutherland DJ. Immunoreactive
prostate-specific antigen levels in female and male
breast tumors and its association with steroid
hormone receptors and patient age. Clin Biochem
1994; 27: 75-9.

Lai LC, Erbas H, Lennard TW, Peaston RT. Prostate-
specific antigen in breast cyst fluid: possible role
of prostate-specific antigen in hormone-dependent
breast cancer. Int J Cancer 1996; 66: 743-6.

Lai LC, Siraj AK, Erbas H and Lennard TWJ.



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

PROSTATIC ACID PHOSPHATASE IN BREAST CYST

Transforming growth factor apha, beta 1 and beta
2 in breast cyst fluid. Anticancer Res 1994; 14:
2805-10.

Lai LC, Ghatei MA, Takahashi K, Patel KV, Schrey
MP, Ghilchik MW, et al. Mitogenic peptidesin breast
cyst fluid: relationship with intracystic electrolyte
ratios. Int J Cancer 1990; 46: 1014-6.

Boccardo F, Torrisi R, Zanardi S, Valenti G, Pensa
F, De Franchis V, et al. EGF in breast cyst fluid:
real ationshipswith intracystic androgens, oestradiol
and progesterone. Int J Cancer 1991; 47: 523-6.
Goustin AS, Leof EB, Shipley GD, Moses HL.
Growth factors and cancer. Cancer Res 1986; 46:
1015-29.

Lawrence DA, Pircher R, Kryceve-Martinerie
C, Jullien P. Normal embryo fibroblasts release
transforming growth factors in a latent form. J Cell
Physiol 1984; 121: 184-8.

Brown PD, Wakefield LM, Levinson AD, Sporn
MB. Physicochemical activation of recombinant
latent transforming growth factor-beta’s 1, 2 and
3. Growth Factors 1990; 3: 35-43.

Abe M, Oda N, Sato Y. Cell-associated activation
of latent transforming growth factor-beta by calpain.
J Cell Physiol 1998; 174: 186-93.

Horimoto M, Kato J, Takimoto R, Terui T, Mogi
Y, Niitsu Y. Identification of a transforming growth
factor beta-1 activator derived from a human gastric
cancer cell line. Br J Cancer 1995; 72: 676-82.
Lyons RM, Gentry LE, Purchio AF, Moses HL.
Mechanism of activation of latent recombinant
transforming growth factor beta 1 by plasmin. J
Cell Biol 1990; 110: 1361-7.

Miyazono K, Heldin CH. Role for carbohydrate
structures in TGF-beta 1 latency. Nature 1989; 338:
158-60.

Munger JS, Huang X, Kawakatsu H, Griffiths MJ,
Dalton SL, Wu J, et al. The integrin alpha v beta 6
binds and activates latent TGF beta 1: a mechanism
for regulating pulmonary inflammation and fibrosis.
Cell 1999; 96: 319-28.

Schultz-Cherry S, Murphy-Ullrich JE.
Thrombospondin causes activation of latent
transforming growth factor-beta secreted by
endothelial cells by a novel mechanism. J Cell Biol
1993; 122: 923-32.

Yu H, Giai M, Diamandis EP, Katsaros D, Sutherland
DJ, Levesque MA, et al. Prostate-specific antigen is
anew favorableprognosticindicator for womenwith
breast cancer. Cancer Res 1995; 55: 2104-10.

99



