Study of mast cells in prostate lesions:
Adenocarcinoma compared with hyperplasia

Vittal Rakshith, Malligere Linghiah Harendra Kumar

Department of Pathology, Sri Devaraj Urs Medical College and Research Centre, Tamaka, Kolar, Karnataka, India

ABSTRACT

Background: (1) To study and correlate the mast cell numbers in benign prostatic hyperplasia (BPH) and prostate carcinoma lesions.
(2) To compare mast cell numbers of intratumoral and peritumoral regions in prostate adenocarcinomas. (3) To ascertain a relationship
between the number of mast cells and age, prostate-specific antigen (PSA) levels, and Gleason Grade. Subjects and Methods: One-hundred
cases of prostate lesions, consisting of 75 cases of BPH and 25 cases of prostatic adenocarcinoma, received in the form of transurethral
resection of prostate chips in the Department of Pathology, were included in the study. After histopathological diagnosis, the paraffin
sections were stained with toluidine blue. Results: The mean value of mast cell count per mm? in benign and malignant lesion was
37.05 and 92.20, respectively. The difference in mean mast cell count in BPH and prostatic adenocarcinoma was found to be statistically
significant (P = 0.001). The correlation between mast cell count and Gleason Grade was found to be statistically significant (P: Grades
I-III - 0.043; 0.002; 0.012). However, no correlation was found between mast cell count with age and PSA levels. Conclusion: In this
study, an increase in the number of mast cells was observed in patients with prostate cancer than in benign lesions. This suggests a

stimulating role of mast cells in the progression of cancer.
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INTRODUCTION

Mast cells are connective tissue cells with basophilic
metachromatic granules in its cytoplasm. Mast cells are usually
found close to the blood vessels, nerves, sub-papillary dermis,
superficial dermal plexus, and beneath epithelial surfaces.™

Mast cells play an important role in inflammation,
hypersensitivity, and fibrotic disorders by producing and
secreting various bioactive mediators.

However, the role of mast cellsin tumoris rather controversial.
They can have a pro- or anti-tumor effect depending on the
tumor type and tumor microenvironment.?!
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Prostate cancer and benign prostatic hyperplasia (BPH)
are the most common diseases affecting prostate and
constitute over 90% of all prostate diseases. The infiltration
by inflammatory cells in the prostate is considered one of
the etiological factors in the development of BPH. Mast
cells once triggered activate the fibroblasts and promote
collagen synthesis by producing fibrogenic substances,
thereby playing a role in chronic inflammation and
fibrosis.™

Inflammatory cell infiltrates around the tumor generally act
as a defense line against the tumor and may lead to better
outcome in tumor affected patients. However, this finding
is rather controversial as few studies have categorically
stated that the mast cells play an important role in growth
regulation of many tumors. One such tumor is prostate
cancer and studies are underway to categorize the role of
mast cells.
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Tissue markers with diagnostic and therapeutic value
have been analyzed, but the prognosis of prostate diseases
remains elusive. However, the role of mast cell as a promoter
or suppressor of benign or malignant lesions of the prostate
has not been ascertained in various studies. Based on these
facts and controversies, we undertook this study to find
the role of mast cells in benign and malignant lesions of
the prostate.

SUBJECTS AND METHODS

One-hundred cases of prostate lesions were selected,
which included 75 cases of BPH and 25 cases of prostatic
adenocarcinomas.

The study was conducted in the Department of Pathology, Sri
Devaraj Urs Medical College, Kolar, for 4 years. Specimens
received in the form of transurethral resection of prostate
chips, from Department of Urology, Shri RL Jalappa
Hospital, attached to Sri Devaraj Urs Medical College and
Research Centre, Kolar, were included. Patient details such
as age, prostate-specific antigen (PSA) values were collected.

After histopathological diagnosis of the prostate lesions, the
paraffin sections were stained with 1% toluidine blue for
the examination of mast cells. On hematoxylin and eosin
staining, mast cells resemble the fibroblasts, both in their
shape (spindle or oval) and staining characteristics. Therefore,
it is difficult to differentiate mast cells from fibroblasts
on routine stains. One percent of toluidine blue helps in
differentiating the mast cells. Mast cell granules were stained
purplish-red and the nuclei stained sky blue [Figure 1].

Hotspots, with large number of mast cells, were identified
for the counting [Figure 2]. Accordingly, they were counted
in 10 high power fields (x40) with one field depth away from
the basement membrane of the prostatic duct epithelium

Figure 1: Mast cell infiltration around the prostatic gland in benign prostatic
hyperplasia (x40)

and the average number of mast cells per high field was
determined. Mast cells were further expressed in per mm?.
Review of slides was done by two pathologists to eliminate
the inter-observer bias.

Statistical analysis

Paired sample statistics was used to find difference in
mean mast cell counts. The Pearson correlation was used
to find correlation between mast cells and age, PSA levels.
Wilcoxin signed rank test was used to correlate mast cells
in adenocarcinoma and Gleason Grade.

RESULTS

The mean age of the patients with BPH was 50 years (ranged
from 37 to 73 years), and prostatic adenocarcinoma was
63.64 years (ranged from 49 to 78 years). PSA levels in
prostatic adenocarcinoma ranged from 12.25 to 104 ng/ml.
Gleason score varied from 2 to 10. Serum PSA levels in BPH
was within normal limits.

Table 1 presents quantitative data of mast cell infiltration
for the patients with prostate cancer and BPH. In this study,
it was found that mast cell numbers were significantly
increased in prostatic carcinomas when compared to
respective values in BPH.

The difference in mean mast cell count in BPH and
prostatic adenocarcinoma was found to be statistically
significant (P = 0.001).

Table 1: Quantitative data of mast cell infiltrates in
prostatic carcinoma and benign prostatic hyperplasia

BPH 75 37.05
Adenocarcinoma 25 92.20
BPH: Benign prostatic hyperplasia

Figure 2: Area of “hotspot” showing mast cell infiltration in adenocarcinoma (x40)
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We found mast cells to be concentrated along the blood
vessel grouped in small cell clusters. Peritumoral mast cells
were round or oval in shape, and intratumoral mast cells
were elongated and often located in the glandular fold.
The mean mast cell count in prostatic adenocarcinoma
was 92.02. The mean mast cell count in the intratumoral
region of adenocarcinoma was 9.64. The mean mast cell
count in the peritumoral region of adenocarcinoma was
82.56. The difference in mean mast cells of intratumoral
and peritumoral region was found to be statistically
significant (P = 0.001).

There was no correlation between mean mast cell count
and age of the patients with prostatic adenocarcinoma
and was not statistically significant (» = -1.22; P = 0.562).
The correlations between the number of mast cells and
PSA levels were positive, but they did not reach statistical
significance (r = 0.432; P = 0.123). Wilcoxin signed rank
test was used to ascertain a correlation between the mast
cell count and Gleason Grade, and it was found to be
statistically significant (number of patients with Gleason
Grade I - 8; Gleason Grade II - 12; Gleason Grade III - 5.
(P: GradeI-0.043, Grade IT-0.002; Grade III - 0.012) [Table 2].

DISCUSSION

In our study, we tried to find the role of mast cell infiltration
in the prostate hyperplasia and prostate cancer and its
associations with prognostic factors, such as Gleason score
and serum PSA levels.

The presence of “mast cell” in tumor tissue was first reported
by Ehrlich in the year 1878.°! Mast cells are diverse in their
functions. They play an important role in IgE-mediated
disorders, act as immune-regulatory mediators, and take
part in biological consequences such as mitogenesis,
extracellular matrix degradation, and spread of tumors by
recruiting various growth factors and cytokines.!**!

The tumor microenvironment consists of reactive stromal
mixture of fibroblasts, endothelial cells, myofibroblasts, mast
cells, and other immune cells. The mast cells being one of the
stromal cells are attracted to tumor site by chemo-attractants
such as stem cell factor (SCF), tumor-derived peptides,
chemotactic activity elicited by RANTES or monocyte
chemoattractant protein-1 and get activated and secrete

Table 2: Correlation between selected parameters and
mast cell number in prostatic adenocarcinoma

Correlation Age PSA Gleason grade
Adenocarcinoma r=-1.22; r=0.432; Grade |- P=0.043
P=0.562 P=0.123 Grade Il - P=0.002

Grade Il - P=0.012

PSA: Prostate-specific antigen
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molecules that act as growth factors aiding tumor growth,
angiogenesis, and metastasis.['”!

Mast cells “remodel” the tumor microenvironment so
as to promote tumor growth by increasing the secretion
of inflammatory chemicals, thereby increasing the
activity of nuclear factor-kappa B which increases the
tumor’s ability to suppress T-cell and natural killer cell
attacks against it.""! The growth and progression of
adenocarcinoma depend on the activation of the stromal
microenvironment.

In this study, we found significant increase in mast cell
count in benign prostate hyperplasia with mean of 37.05,
when compared to normal prostate mast cell count. Few
studies have hypothesized the role of chronic inflammation,
consisting of lymphocytes, plasma cells, macrophages,
and mast cells as emerging factors in the development and
progression of nodular hyperplasia.l?l Mast cells help in the
progression of nodular hyperplasia by the release of their
degranulated products and mediators. Our findings was
supported by observations made by Stawerski et al. who
also found mean of 72.82 cells/mm?* mast cells in prostatic
hyperplasia.l*

The pro-tumor effects of mast cell is due to the secretion of
histamine and growth factors such as vascular endothelial
growth factors (VEGF), platelet-derived growth factor, SCF,
nerve growth factor, and metalloproteases that contribute to
the majority of proteolytic components necessary for tumor
invasiveness.!"*'®l The major pro-tumor effect of mast cell is
the angiogenic activity brought about mainly by secreting
VEGE, which is reflected by increased microvessel density
in prostate cancer.['>#]

The anti-tumor effect of mast cell is due to their
degranulated products such as heparin which decreases
the size and number of the tumor cells lying in proximity
to the fibroblasts and tryptase which causes tumor cell
disruption.

In our study, we found significant increase in number of
mast cell count in prostate adenocarcinoma with mean
count of 92.20 cells/mm. The infiltration was concentrated
in the peritumoral region (mean count 82.56 cells/mm?) than
the intratumoral region (mean cell count 9.64 cells/mm?)
which supports the fact that there is increased activity
and secretion of mast cell degranulated products at the
peritumoral fronts which help in the progression of cancers.
These findings were in agreement with the findings of
Nonomura et al. (mean mast cell count was 16 cells/mm?)
and Globa et al. (mean 29 cells/mm?) who also described
increased mast cells in the peritumoral fronts of prostate
cancers.'”®! In a study done by Stawerski et al., they also
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found significant high number of mast cells in prostate
adenocarcinomas (mean 123.73 + 82.32 cells/mm?).[%!

Johansson et al. observed a difference in the functionality
of mast cells present in the intratumoral region from the
peritumoural region. They stated that the mast cells,
located within the tumor, inhibited angiogenesis, while
peritumoural mast cells promoted it, stimulating tumor
growth. Johansson’s observations corresponded to the
dual role of mast cell in tumorigenesis. His findings
correlated with patients’ clinical outcomes and treatment
responses.!’” Similar observations were reported by
Dyduch ef al.2!

We also correlated mast cell count with prognostic factors
of prostate cancer such as Gleason score and PSA levels.
The mast cell count and Gleason score correlations were
statistical significance, (P: Grade I - 0.043, Grade II - 0.002;
Grade III - 0.012) indicating higher the grade, higher
the number of mast cell infiltration. They also showed
positive correlations with PSA levels but did not reach
statistical significance (P = 0.123). Similarly, Stawerski
et al. observed significant positive correlations between
the mean number of tryptase-positive cells and Gleason
score, as well as between microvessel density and Gleason
score. They also observed positive correlations between
the number of mast cells and PSA levels and between
microvessel densities and PSA levels, but they did not
reach statistical significance. They concluded with the
assumption that mast cell has a promoter function in
prostate cancer development, and no evidence was found
for their opposite.l¥! This was in agreement with the
findings observed in our study:.

CONCLUSION

Our study observed a pro-tumor function of mast cells
involved in formation and development of prostate cancer,
thus suggesting that by targeting mast cells, it can aid
in the prevention of nodular hyperplasia and prostatic
adenocarcinoma progression. Anti-inflammatory agents
have been tested in vitro and in vivo for the management of
both conditions.?*!

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Slater A, Smallman LA, Drake-Lee AB. Increase in epithelial mast
cell numbers in the nasal mucosa of patients with perennial allergic

124

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

rhinitis. ] Laryngol Otol 1996;110:929-33.

Yong LC. The mast cell: Origin, morphology, distribution, and
function. Exp Toxicol Pathol 1997;49:409-24.

Theoharides TC, Conti P. Mast cells: The Jekyll and Hyde of tumor
growth. Trends Immunol 2004;25:235-41.

Yamanaka K, Fujisawa M, Tanaka H, Okada H, Arakawa S,
Kamidono S. Significance of human testicular mast cells and their
subtypes in male infertility. Hum Reprod 2000;15:1543-7.

della Rovere F, Granata A, Familiari D, D" Arrigo G, Mondello B,
Basile G. Mast cells in invasive ductal breast cancer: Different
behavior in high and minimum hormone-receptive cancers.
Anticancer Res 2007;27:2465-71.

Shaked Y, Kerbel RS. Antiangiogenic strategies on defense: On the
possibility of blocking rebounds by the tumor vasculature after
chemotherapy. Cancer Res 2007;67:7055-8.

Kobayashi H, Ishizuka T, Okayama Y. Human mast cells
and basophils as sources of cytokines. Clin Exp Allergy
2000;30:1205-12.

Galinsky DS, Nechushtan H. Mast cells and cancer — No longer
just basic science. Crit Rev Oncol Hematol 2008;68:115-30.
Samoszuk M, Kanakubo E, Chan JK. Degranulating mast cells
in fibrotic regions of human tumors and evidence that mast
cell heparin interferes with the growth of tumor cells through a
mechanism involving fibroblasts. BMC Cancer 2005;5:121.

Conti P, Castellani ML, Kempuraj D, Salini V, Vecchiet ],
Tete S, et al. Role of mast cells in tumor growth. Ann Clin Lab Sci
2007;37:315-22.

Huang B, Lei Z, Zhang GM, Li D, Song C, Li B, et al. SCF-mediated
mast cell infiltration and activation exacerbate the inflammation
and immunosuppression in tumor microenvironment. Blood
2008;112:1269-79.

Briganti A, Capitanio U, Suardi N, Gallina A, Salonia A, Bianchi M,
et al. Benign prostatic hyperplasia and its aetiologies. Eur Urol
Suppl 2009;8:865-71.

Stawerski P, Wagrowska-Danilewicz M, Stasikowska-Kanicka O,
Tuka E, Danilewicz M. Augmented mast cell infiltration and
microvessel density in prostate cancer. Contemp Oncol (Pozn)
2013;17:378-82.

Uzzan B, Nicolas P, Cucherat M, Perret GY. Microvessel
density as a prognostic factor in women with breast cancer: A
systematic review of the literature and meta-analysis. Cancer Res
2004;64:2941-55.

Johansson A, Rudolfsson S, Hammarsten P, Halin S, Pietras K,
Jones], et al. Mast cells are novel independent prognostic markers
in prostate cancer and represent a target for therapy. Am J Pathol
2010;177:1031-41.

Nassif AE, Tambara Filho R. Immunohistochemistry expression of
tumor markers CD34 and P27 as a prognostic factor of clinically
localized prostate adenocarcinoma after radical prostatectomy.
Rev Col Bras Cir 2010;37:338-44.

Bono AV, Celato N, Cova V, Salvadore M, Chinetti S, Novario R.
Microvessel density in prostate carcinoma. Prostate Cancer
Prostatic Dis 2002;5:123-7.

dela Taille A, Katz AE, Bagiella E, Buttyan R, Sharir S, Olsson CA,
et al. Microvessel density as a predictor of PSA recurrence after
radical prostatectomy. A comparison of CD34 and CD31. Am ]
Clin Pathol 2000;113:555-62.

Nonomura N, Takayama H, Nishimura K, Oka D, Nakai Y,
Shiba M, et al. Decreased number of mast cells infiltrating into
needle biopsy specimens leads to a better prognosis of prostate
cancer. Br ] Cancer 2007;97:952-6.

Globa T, Saptefrti L, Ceausu RA, Gaje P, Cimpean AM, Raica M.
Mast cell phenotype in benign and malignant tumors of the
prostate. Pol ] Pathol 2014;65:147-53.

Clinical Cancer Investigation Journal | March-April-2016 | Vol 5 | Issue 2



Rakshith and Kumar: Mast cells and adenocarcinoma prostate

21. Dyduch G, Kaczmarczyk K, Okon K. Mast cells and cancer: and benign prostatic hyperplasia (BPH). Eur Urol 2005;47:72-8.
Enemies or allies? Pol J Pathol 2012;63:1-7. 23. Adorini L, Penna G, Amuchastegui S, Cossetti C, Aquilano F,

22. DiSilverio F, Bosman C, Salvatori M, Albanesi L, Proietti Pannunzi L, Mariani R, et al. Inhibition of prostate growth and inflammation
CiccarielloM, etal. Combination therapy with rofecoxib and finasteride by the Vitamin D receptor agonist BXL-628 (elocalcitol). ] Steroid
in the treatment of men with lower urinary tract symptoms (LUTS) Biochem Mol Biol 2007;103:689-93.

Clinical Cancer Investigation Journal | March-April-2016 | Vol 5 | Issue 2 125




