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ABSTRACT

Objective: To determine and compare the distribution of oestrogen and progesterone receptors (ER and PR) expression
between normal kidneys and chronic pyelonephritis.

Study Design: Comparative-descriptive study.

Place and Duration of Study: King Faisal Specialist Hospital and Research Centre, and Alfaisal University, Riyadh, Saudi
Arabia, between January 2017 and December 2018.

Methodology: Renal specimens, including 41 chronic pyelonephritis, and 21 healthy specimens were examined. ER/PR expres-
sion was determined immunohistochemically, termed focal if <50% of nuclei stained positively, and diffuse when >50%. The
intensity of staining was labelled weak (pale), moderate or strong.

Results: Majority of samples showed presence of diffuse ER (82.9% diseased; 71.4% healthy) and focal PR (53.7% diseased;
76.2% healthy), mostly with strong intensity. ER and PR distribution whether focal or diffuse, correlated with each other in
41.9%. All proportions comparisons showed p values greater than 0.05.

Conclusion: There was a trend of diffuse renal stromal expression of ER and PR in chronic pyelonephritis as compared to
healthy specimens. However, the difference did not reach statistical significance.
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INTRODUCTION

The renal stromal expression of oestrogen and progesterone
receptors (ER and PR), has been reported in neoplastic as well
as non-neoplastic renal diseases." Recently, a link between
chronic inflammation and cancer has been suggested,
including hormone-dependent cancers.” Further, theinflamma-
tory response may be modulated by ER.> Thus, a complex inter-
play betweeninflammation,gonadalhormonesandcarcinogen-
esismay exist.
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Oestrogen induces cellular growth via overexpression of a
nuclear transcription factor MYC, showing poor patient
outcomein breast cancer.* Similarly, Wnt signalling, associated
with MYC, is found associated with colorectal cancers.” MYCis a
recognised oncogene in human renal cell carcinoma (RCC)
also.® Similarly, increased expression of oestrogen-related
receptor alpha (ERRa), an orphan nuclear receptor, is an
unfavourable cancer prognostic marker.” Thus, oestrogen may
beinvolvedinthe developmentofRCC.

Similarly, progesterone may promote cellular proliferation and
carcinogenesis through various pathways including NFkB and
RANKL.® Recently, this pathway has been implicated in bone
metastasis and poor prognosis in RCC.’ Interestingly, the
expression of ER and PR is well observed in mixed epithelial
stromal tumours of the kidney” and angiomyolipoma.™ In
contrast, oestrogen receptor § has been suggested to inhibit
carcinogenesis,”* pointing towards a complex role of sex
hormonesincarcinogenesis.
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Thus, chronicinflammation, like chronic pyelonephritis, may be
associated with changes in sex hormone receptor expression,
leading to long term effects, including neoplastic transforma-
tion. It is important to explore and document renal mesangial
ER/PR expression in response to chronic pyelonephritis to
further elucidate the underlying pathogenesis of malignant
transformation. This could have implications in devising an
evidence-based therapeutic approach. Hence, this study was
designed to evaluate the stromal ER/PR expression in
pyelonephritic kidneys as compared to healthy renal tissue.

METHODOLOGY

This comparative-descriptive study was conducted at the
section of Anatomic Pathology, King Faisal Specialist Hospital
and Research Centre (KFSH&RC), and Departments of
Pathology and Pharmacology, Alfaisal University, both at
Riyadh, Saudi Arabia between January 2017 and December
2018. Atotal of 62 tissue specimens wereincluded, including 41
nephrectomy specimens of non-functioning chronic
pyelonephritiskidneys,and21healthyrenalnephrectomyspec-
imens removed for renal neoplasm from January 2010 to
December 2014 from the Department of Pathology and Labora-
tory Medicine at KFSH&RC. Immunohistochemistry was
performed on one representative block containing such stroma
using antibodies against ER and PR (Clone 6F11 and Clone 1E2
respectively; Ventana, Tucson, AZ, USA), onan automatedslide
stainer (Ventana Bench Mark, Tucson, AZ, USA). All tissue
samples were fixed in 10% buffered formalin, and embedded in
paraffin. Sections of 3-4 um thickness were mounted on posi-
tively charged super frost slides and dried in an oven for one
hour at 60°C. The sections were then deparaffinised in xylene
and rehydrated in graded ethanol. For epitope retrieval, the
tissue sections were heated (microwave) in Tris-EDTA (pH 9.0)
for 16 minutes at 450 W. The sections were then cooled down
gradually to room temperature and washed with running tap
water. Endogenous peroxidase was blocked by incubating the
tissue in 3% hydrogen peroxide at room temperature for 10
minutes and washed with distilled water. The tissue samples
were incubated with primary antibodies for 30 minutes at room
temperature. Then, immune detection was performed with the
2-step polylabeling method using the envision system (Ven-
tana, Tucson, AZ, USA) with diaminobenzidine (DAB) chro-
mogen as a substrate. The slides were counter-stained by
haematoxylinand finally mounted with distrine-pthaline xylene
(DPX).

Anuclearbrownstainingwas considered as a positive resultand
complete absence as negative. The percentage of positive
staining nucleiin the foci of stromal proliferation was calculated
by counting. The percentage of the positive staining was called
focal when <50% of the nuclei showed positivity, or diffuse
when >50% showed positive staining. The semi-quantitative
intensity of staining was assigned as weak (pale staining),
strong (dark staining) orintermediate.

The qualitative data was shown as frequency and percentage.
The age was expressed as median and interquartile range

(IQR). Chi-squaretest, Fisher's exacttest, odds ratios and corre-
lation (Spearman’srho) between expression and intensity of ER
and PR between groups was computed using SPSS ver 19. A p-
value <0.05 was consideredsignificant.

RESULTS

Atotal of 62 renal samples were included from differentindivid-
uals, including 41 patients of chronic pyelonephritis and 21
healthy specimens. The baseline characteristics of the study
population are given in Table I. The age of the patients ranged
between3and82yearsofage (median34,IQR14.75-55.25).

Table I: Baseline characteristics of study population and comparison
betweengroups.

Diagnosis ‘ N ‘ ‘ n ‘ %
Side (kidney)
21 | Right 9 42.9
Healthy Left 12 | 57.1
. 41 | Right 22 | 53.7
Diseased Left 19 | 463
ER percentage
21 | Focal 6 28.6
Healthy Diffuse 15 | 71.4
) 41 | Focal 7 17.1
Diseased Diffuse 34 | 82.9
ER intensity
21 | Moderate 3 14.3
Healthy Strong 18 | 85.7
. 41 | Moderate 11 | 26.8
Diseased Strong 30 | 7322
PR percentage
21 | Focal 16 | 76.2
Healthy Diffuse 5 | 238
41 | Negative 7 17.1
Diseased Focal 22 53.7
Diffuse 12 | 29.3
PR intensit
21 | Weak 6 28.6
Healthy Moderate 7 333
Strong 8 38.1
41 | Negative 7 17.1
' Weak 15 | 36.6
Diseased Moderate 5 12.2
Strong 14 | 341
ER and PR percentage (combined)
21 | ER focal + PR focal 5 23.8
Hea|thy ER diffuse + PR diffuse 19.0
Mix Pattern 12 | 57.1
41 | ER focal + PR focal 5 12.2
Diseased ER diffuse + PR diffuse 12 | 29.3
Mix Pattern 24 | 58.5
ER and PR intensity (combined)
21 | ER strong + PR strong 8 38.1
Healthy Mix pattern 13 | 61.9
41 | ER moderate + PR moderate 2 4.9
Diseased ER strong + PR strong 12 | 29.3
Mix pattern 27 | 65.9
Continued...
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Differences between groups

Category | Group | N | x*value | p-value | orR | 95% CI
Disease distribution according to various categories
Gender 0.66 0.42 1.60
Male 40 0.51-4.98
Female 22
Side Right 31 0.65 0.65
Left 31 0.42 0.22-1.87
ER % Focal 13 1.11 1.94
Diffuse 29 0.29 0.56-6.77
ER intensit 1.25 0.45
y Moderate 14 0.35% 0.11-1.85
Strong 48
PR % i -
0 Negative 7 489
Focal 38 0.10* -
Diffuse 17
PR intensity Negative 7 i
Weak 21 7.12
0.07* -
Moderate 12
Strong 22
ER+PR % ER focal + PR focal 10 173 -
Mix pattern 36 ' 0.42% -
ER diffuse + PR diffuse 16
ER+PR intensity ER moderate + PR moderate 2 -
ER strong + PR strong 20 1.39 0.62* -
Mix pattern 40
Gender distribution according to various categories
Diagnosis Healthy 21 0.66 0.42 1.60
Diseased 41 0.51-4.98
Side Right 31 0.28 0.60 0.75
Left 31 0.27-2.14
ER % Focal 13 1.11 0.35*% 2.11
Diffuse 49 0.51-8.67
ER intensit 1.56 0.34* 2.40
y Moderate 14 0.59-9.76
Strong 48
PR % i -
0 Negative 7 312 0.23*
Focal 38 -
Diffuse 17
PR intensity Negative 7 i
Weak 21 5.46 0.17*
Moderate 12
Strong 22
ER+PR % -
0 EB focal + PR focal 10 259 0.32%
Mix pattern 36 -
ER diffuse + PR diffuse 16
ER+PR intensity ER moderate + PR moderate 2 5.54 0.07* - -

p-values were calculated through Fisher’s Exact method.

Among the diseased, focal ER positivity was seen in seven
(17.1%) and diffuse ER positivity was seen in 34 cases (82.9%).
Eleven (26.8%) showed moderate ER intensity and 30 cases
(73.2%) showed strong intensity. Focal PR positivity was
observed in 22 (53.7%) and diffuse positivity was seen in 12
cases (29.3%), while seven (17.1%) were negative. Fifteen
(36.6%) showed weak PR intensity, five (12.2%) showed
moderate intensity and 14 (34.1%) showed strong intensity,
while seven cases (17.1%) were negative. Most showed pres-
ence of diffuse ER and focal PR, and strong intensity. A consider-

able proportion (41.9%) showed presence of ER and PR in either
focal or diffuse pattern, correlating with each other.

Among healthy specimens, focal ER positivity was seen in six
(28.6%) and diffuse ER positivity was seen in 15 (71.4%). Three
(14.3%) showed moderate ER intensity and 18 (85.7%) showed
strong intensity. Focal PR positivity was seen in 16 (76.2%) and
diffuse PR positivity was seen in five specimens (23.8%). Six
(28.6%) showed weak, seven (33.3%) showed moderate and
eight (38.1%) showed strong PR intensity.
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Table II: Correlations between factors. The correlation coefficients (Spearman’s rho) are given.

Diagnosis | Gender Side ER % Int:rll‘sity PR % Int::sity E(Ejgdbi:ekdo)h = a(%i:\%il:::;‘s“y
Diagnosis 1 0.10 -0.10 0.13 -0.14 -0.07 -0.20 0.16 0.02
Gender 1 -0.07 0.13 0.16 0.20 0.25 0.20 -0.20
Side (kidney) 1 0.12 0.08 -0.05 0.02 0.05 -0.07
ER % 1 0.48** 0.21 0.16 0.67** -0.03
ER intensity 1 0.19 0.33%* 0.25 -0.19
PR % 1 0.75%* 0.69%* -0.53**
PR intensity 1 0.47** -0.78**
ER/PR % (combined) 1 -0.36%*
ER anq PR intensity 1
(combined)
p-value <0.0; p-value <0.01.

il I e -':‘\" 5

Fiéufe 1: I-‘Iistolo;‘iéall and |mmi|;10hi§iochémicél characteristics of
renal samples. (A) Low power magnification image showing healthy
kidney parenchyma. (B) Low power magnification image of kidney
parenchyma chronic pyelonephritis with numerous chronic inflamma-
tory cells mostly lymphocytes in the stroma. (H&E x 400). (C) Low
power magnification image showing ER positive immunohistochem-
ical staining in the pyelonephritis kidney stroma. (D) Low power
magnification image showing PR positive immunohistochemical
staining in pyelonephritis kidney stroma. (x10). (E) Low power
magnification image showing ER positive immunohistochemical
staining in the healthy kidney stroma. (F) Low power magnification
image showing PR positive immunohistochemical staining in the
healthy kidney stroma (x10).

Figure 1 shows H&E stained renal biopsies in healthy (Pan-
el-A) and chronic pyelonephritis (Panel-B). Healthy renal speci-
mens showed typical normal kidney parenchyma; whereas,
the chronic pyelonephritis specimens showed chronic inflam-
matory cell infiltrate, degenerative tubules with thyroidization
and fibrosis. The stromal cells were also identified having
spindle shaped nuclei and indistinct cytoplasm near the

pelvic area. Figure-1 also shows stromal ER and PR staining
(IHC). Panel C and D showed ER and PR in chronic
pyelonephritis, respectively. The stromal cells are seen with
typical oval to elongated nuclei. Panels E and F showed ER
and PR in healthy. A higher ER and PR presence is identified
in chronic pyelonephritis.

Chi-square test and odds ratio values to analyse the differ-
ence of expression and intensity of ER and PR between
groups are given in Table I. As shown, the difference in ER
and PR expression and intensity did not reach statistical
significance between healthy and diseased kidneys.

Correlations (Spearman’s rho) between expression and inten-
sity of ER and PR is given in Table Il. There was a significant
positive correlation between ER expression and intensity, PR
expression and intensity, as well as combined ER and PR
expression.

DISCUSSION

This study showed that stromal ER was positive in all speci-
mens; whereas, PR was positive in majority. Despite a trend
of intense IHC staining and thus higher expression of ER and
PR in pyelonephritis as compared to healthy specimen, no
difference reached statistical significance.

The steroid hormones are known to regulate gene expres-
sion and may contribute to increased cellular proliferation.
An example is hormone-dependent cancers in gonadal
tissue * as well as non-gonadal tissues.>®'*** As mentioned
above, a link between chronic inflammation and carcinogen-
esis has been reported,” hence elevated C-reactive protein
(CRP) levels have also found associated with an increased
cancer risk. Various pathways link chronic inflammation,
DNA damage repair, mutagenesis and cancer.” Chronic
inflammation leads to generation of reactive oxygen and
nitrogen species (RONs) leading to accumulated DNA muta-
tions'® and cancer.”” Recent evidence also suggests that
chronic inflammation may change the expression of
estrogen receptors;' which in turn, potentially leads to aber-
rant cellular growth signal.** Thus, we may hypothesize that
chronic pyelonephritis may predispose to renal cancer, at
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least in part by modulating gonadal hormone receptors
among other factors, such as NFkB.? Further research is
needed in this regard.

An advantage of this study is its comparative design that is
considered relevant and appropriate especially where
sample size is limited, like in this study. The subject has
been studied in relationship to renal neoplasia, but not
chronic pyelonephritis, thus hinting towards an important
missing link. To the best of authors’ knowledge, this is the
first study of its kind where chronic pyelonepbhritis as well as
healthy renal tissues were compared. There are some limita-
tions, too. This study employed convenience sampling in a
single centre and needs validation for generalisation. There
was a visible difference on IHC between diseased and
healthy renal tissues in terms of ER/ PR positivity, where ER
and PR expression appeared stronger and diffuse in chronic
pyelonephritis. However, the results fell short of statistical
significance. This could have been due to our limited sample
size compounded by statistical modelling.

As evident from these results, a more conservative statis-
tical approach was applied due to limited sample size, thus
making statistical significance difficult to achieve. Further,
the healthy tissues were obtained from kidneys nephrec-
tomised for renal neoplasia. This raises the possibility of an
aberrant expression of baseline ER and PR which might have
further compromised the chances of getting a statistical
significance. Usually, healthy renal specimens are obtained
through autopsies, which was unlikely in this study setting,
because autopsies are done in suspected homicides which is
not a common occurrence.

The authors recommend that the study should be validated
in a setting where completely normal renal tissues could be
obtained, such as from cadavers, for comparison, of course
with a sample size as feasibly larger as possible.

CONCLUSION

There was a trend of increased diffuse renal stromal expres-
sion of ER and PR in chronic pyelonephritis as compared to
healthy specimens. Although visually distinct, the renal
stromal ER/PR expression in chronic pyelonephritis did not
differ significantly from healthy one.
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