Iranian Journal of Pathology (2012) 7 (3), 157 - 164

Original Article

Quick Score and H-Score Assessment of P504s
(AMACR) Expression in Renal Cell Carcinoma (RCC)
and Relation with Histologic Grade

Mahmoud Reza Kalantari', Tayyebeh Nazeran ', Fatemeh Varshoee Tabrizi>

1. Dept. of Pathology, School of Medicine, Mashhad University of Medical Science, Mashhad, Iran
2. Dept. of Radiation Oncology, School of Medicine, Mashhad University of Medical Science,
Mashhad, Iran

ABSTRACT

Background and Aims: P504S (AMACR) is a mitochondrial enzyme expressed in renal cell
carcinoma. Some of immunohistochemical markers in renal cell tumors are independent prognostic
factor and show relation with histologic grading. AMACR expression increases with higher
histological grading in different tumors; however, in RCC it is not obvious. In this study, we tried
to investigate if any relation existed between nuclear grading in renal cell carcinoma and P504S.
Materials & Methods: Fort five cases of formalin fixed paraffin embedded tissue of renal cell
carcinoma with different nuclear grades were selected and immuneostained using primary antibody
to P504s and quantified with H-Score, multiplicative (Mqs) and Additive quick score (Aqs).
Results: PS04S was positive in 37 out of 45 (82%) cases. (Mean = SD) of H-Score: grade I =182+44.
1=218+161, I11=215+55, IV=190. Mean = SD of Add quick score: grade I= 6.6+ 1.8, II= 7.24+1.4,
1= "7.78+1.2, IV= 8. Mean = SD of Multi quick score: grade I= 9+ 5.6, II= 11.38+5, 111 =12.89+4.7,
IV=12. (Aqs Vs H- Score: r =0.701, P < 0.007), (Mqs Vs H-Score: r = 0.808, P < 0.001)
Conclusion: P504S is one of the importantimmunohistochemical markers in primary and metastatic
RCC. Our results show that there is no statistically correlation between histological grade of RCC
and AMACR staining in semi — quantitative measurement. We suggest AMACR staining to be used
as a diagnostic immunohistochemical marker in conjunction with other markers in differential

diagnosis of metastatic renal papillary and even clear cell carcinoma.
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Introduction

enal cell carcinoma accounts for

approximately 2% of all adult cancers.

ts incidence varies among countries,
with the highest rates being in North America
and Scandinavia. The majority of renal cell
carcinomas are of epithelial origin and malignant
(D).
The primary treatment of renal cell carcinoma is
surgical excision (2). However, one third of renal
cell carcinomas are found to invade perinephric
fat and/or regional lymph nodes at the time of
operation (2).
Some features like tumor stage or nuclear grading
in histological findings are related to prognosis
(1, 2). Immunohistochemically (IHC), renal cell
carcinoma shows reactivity for epithelial markers
such as Keratin, EMA, and CEA. Other antigens
detected in RCC are CD10 and P504s. P504S is
an alpha-methylacyl-coA racemase (AMACR)
that plays arole in the beta-oxidation of branched-
chain fatty acid and fatty acid derivatives (2).

This marker identified as a molecular marker for
prostate and recently kidney cancer and other
epithelial tumors (3).

Some of the immunohistochemical markers cor-
relate with nuclear grade and tumor progression.
P53 over expression in renal cell carcinoma is
associated with metastatic disease and poor sur-
vival in patients with early stage disease (2).

The expression of CD44S (the standard isomorph
of CD44) demonstrated immunohistochemically
correlates with progression and recurrence of
renal cell carcinoma. MUCI expression has
been found to correlate with nuclear grade and
tumor progression (2). Previous studies revealed
renal tubular cells and RCC expressed P5048S. In
this study, we tried to investigate if any relation
existed between nuclear grading in renal cell
carcinoma and P504S staining.
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Materials and Methods

Subjects

We studied 45 paraffin-embedded blocks of renal
cell carcinoma diagnosed previously in Ghaem
Hospital, Department of Pathology, Mashhad
University of Medical Sciences, between March
2008 and April 2010, were included in the study
after reevaluation of each case to confirm the
diagnosis by two pathologists. We excluded
slides with necrosis and hemorrhage.

Nuclear grading was determined according
to description by Fuhrman et al. by the same
observers, with light microscope (Olympus
CX30; Olympus optical CO, LTd, Tokyo, Japan)
and X100 and X400 objective magnifications.

Immunostaining for P5S04s

Multiple 5-um-thick sections of representative
formalin-fixed, paraffin-embedded tissues were
cut for immunohistochemical studies. A Polymer-
Based (EnVision™) immunohistochemical
method was used for the detection of P504s
(monoclonal rabbit-AntiHuman-Clone13H4,
Dako, Denmark) (Fig. 1&2). Normal gallbladder
tissue was used as the positive control (3).
Immunostaining without adding antibody was
used as the negative control. In some sections,
proximal tubular cells of renal tissue were
considered as an internal positive control.

Report

All immunostained sections were examined by
the same two observers with a x40 objective
and 10x10 eyepiece under the light microscope
(Olympus CH30, Olympus Optical Co, LTd,
Tokyo Japan) for evaluating of P504s expression.
P504s staining was granular and cytoplasmic.
Protein expression was scored as negative, weak
= faint cytoplasmic or granular apical staining,
moderate =diffuse granular cytoplasmic stain
and strong= diffuse intense cytoplasmic stain
(4). Mild, moderate, and strong staining was
considered as positive.

The immunostaining was quantified as H-score
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and quick score, a scoring system that has been
validated in IHC staining specially in breast
cancer (5).

The H- score system was based on the proportion
and intensity of brown staining cells. The quick
score categories also were based on both the
intensity (category B) and the proportion of
malignant cells staining positively throughout
the section (Category A).

H-Score = (% of cells stained at intensity 1x1) +
(% of cells stained at intensity 2x2) + (% of cells
stained at intensity 3%3).

H-score between 0 and 300 was obtained where
300 was equal to 100% of tumor cells stained
strongly.

Quick Score Categories:

Category A: The proportion of malignant cells
staining positively throughout the section.
Category A was assigned score from 1 to 6 (1=
0-4%, 2=5-19%, 3=20-39%, 4=40-59%, 5= 60-
79% and 6=80-100%)

Category B: The intensity of the stain was
graded as: O=negative, 1= Weak intensity, 2=
Intermediate intensity and 3= Strong intensity
Category A was added to category B (A+B) to
form an additive quick score and recorded in
parallel with the product (AxB) as a multiplicative
quick score.

The product of A+B gives additive quick score
between 1-9 and AXB gives a multiplicative
quick score between 0-18(5).
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For P504s H-score of >20 in 10 fields at x400
magnification (6) and additive and multiplicative
quick scores >=3 were considered positive (5).

Statistical analysis

Description of Data was carried out by statistical
scatters and tables. Statistical analysis was
performed by #-test, Anova and their similar
parametric.  Statistical  significance = was
determined at P value < 0.05.

Results

Forty-five cases including 36 conventional (clear
cell), five papillary, one mucinous tubular and
spindle cell, two sarcomatoid, one chromophobe
renal cell carcinoma were studied.

According to Fuhrman nuclear grading system
most of the tumors were nuclear grade II (n=25).
There were nine cases of grade III, eight cases of
grade I, and three cases of grade IV.

The eightnegative cases included six conventional
(clear cell), one sarcomatoid variant of RCC and
one chromophobe. They were in different nuclear
grading. There was no grade III. Three of them
were grade I, 4/8 grade II and one out of 8 was
grade IV.

Determinations of nuclear grading in tumors
were positive for P504 showed that most of them
were grade II and III (Table 1).

Table 1- Distribution of RCC” types and grade based on AMACR™ positivity

Grade I II 111 v Total
Type
Clear cell 5 17 7 1 30
Papillary 0 3 2 0 5
Mucinous tubular 0 1 0 0 1
Sarcomatoid 0 0 0 1 1

“Renal cell Carcinoma
“ AMACR

P504S immunostaining was quantified as H-score and quick score (additive and multiplicative).
The mean of H score, additive and multiplicative quick scores were determined in all of positive

P504S sections (Table 2) and in two separate groups as clear all (conventional) and papillary renal cell

carcinoma(Table 3).
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Table 2- Mean of H score, additive and multiplicative quick score
(AQS and MQS) according to grade of RCC

Mean + Std Deviation

Variable GI' GII GIII GIV P value
H score 182 + 44 218 +£61 215+55 190 0.583
AQS ™ 6.6+1.8 72+ 1.4 7.78 £ 1.2 8 0.444
MQS ™ 9+£5.6 11.38+5 12.89 £ 4.7 12 0.577
"Gl
™ Additive Quick Score
“*Multiplicative Quick Score
According to variance analysis no statistically Table 3- Spearman rank correlation coefficient
significant correlation was found between mean for relationship between H score, Additive and
of H score, additive and multiplicative quick multi quick score and nuclear grade of RCC
score and nuclear grade of tumor (P=0.583, P= Variable  Grade
0.444, P=0.577). Coefficient correlation P value
Table 3 reveals a comparison of the spearman rank H-Score 0.067 0.692
. . .. AQS ™ 0.236 0.16
correlation coefficient. There was no significant MQS ** 0.244 0.145
correlation between histological grade and our * Renal Cell Carcinoma
parameters (H score, additive and multiplicative #* Additive Quick Score
quick score) (P=0.69, P=0.16, P=0.145) *** Multiplicative Quick Score

Table 4 shows that a significant statistically relationship is between mean of H-score, additive and
multiplicative quick score, and type of renal cell carcinoma (clear cell versus papillary RCC)

Table 4- Mean of H-score, add and multi quick score in clear cell and papillary RCC*

Variable Clear cell Mean+ SD Papillary Mean+ SD P value
H-score 195.83+48 292+8.36 <0.001
AQS™ 6.97+1.32 9 0.001*
MQS™ 10.13+4.36 18 <0.001
* Renal Cell Carcinoma
** Additive Quick Score

*#% Multiplicative Quick Score

Spearman rank correlation for additive and multiplicative quick score with H-score of P504s in renal cell
carcinoma showed a high significant correlation (Table 5).

Table 5- Spearman rank correlation coefficients for comparison of various quantitative methods
of P504s expression in RCC*

Comparison of methods of measurement R P value
Add quick score versus H-score 0.701 <0.001
Multi quick score versus H-score 0.808 <0.001

* Renal Cell Carcinoma

IRANIAN JOURNAL OF PATHOLOGY Vol.7 No.3, Summer 2012



Fig. 1- Granular AMCR staining in clear cell
RCC (x400)

Fig. 2- Strong immunostaining of AMCR in
almost 100%of tumoral cells in papillary RCC
(x100)

Discussion

Alpha-methylacyl-coenzyme A racemase (P504s)
is a mitocondrial and peroxisomal enzyme which
is responsible in the metabolism of branched-
chain fatty acid and bile acid intermediates (7).
AMACR is expressed in the proximal convoluted
tubular epithelium in normal renal parenchyma
and its strong immunostaining is present in
proximal tubules adjacent to the renal neoplasm
(8). There fore it is possible that some of tumors,
which are drived from these structures, express
AMACR (9).
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Jiang et al. showed P504S expression in different
normal and tumoral tissues. In normal tissue, high
expression of AMACR mRNA was identified in
liver, kidney and salivary gland, while AMACR
protein was detected in liver (hepatocytes), kidney
(tubular epithelial cells), lung (only bronchial
epithelial cells), and gallbladder (only mucosal
epithelial cells). High expression of AMACR
mRNA was found in prostate, liver, and kidney
cancers but rarely in stomach and bladder cancers.
A high percent of adenocarcinomas arising
from these organs express AMACR, including
17 of 21 (81%) of hepatocellular carcinomas
and 18 of 24 (75%) of renal cell carcinomas. In
addition, they revealed the carcinomas arising
from tissues normally not expressing AMACR
were also positive for the antigen, including 17
of 18 (94%) prostate carcinomas, 9 of 29 (31%)
of urothelial carcinomas, and 4 of 15 (27%) of
gastric adenocarcinomas (10).

Predominant AMACR expression in tumors such
as adenocrcinoma of the prostate (72%), hepa-
tocellular carcinoma (77%), papillary renal cell
carcinoma (70%) and colorectal adenocarcinoma
(71%), 1s revealed by microarray analaysis (11).
AMACR as an immunohistochemical marker ex-
hibits different expressions in tumors according
to their histological grades and stages.

Gunia et al. exhibited a correlation between P504S
expression and histopathologic grading in non-
invasive bladder carcinoma. They investigated
AMACR expression in 163 noninvasive bladder
cancers. Fifty-two (31.9%) of the cases were
AMACR positive. They found a significant
positive correlation between AMACR expression
and higher tumor grades. They concluded these
novel findings clearly allow including high-grade
noninvasive bladder carcinomas in the group of
AMACR-positive neoplasms (12).

Langer et al. in their series evaluated the detection
of P504s in upper urinary tract urothelial
carcinomas. They could explore a relation with
high tumor grade among 83 out of 124 (66.9%)
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of high-grade urothelial carcinomas. They also
showed that AMACR expression was associated
with the presence of tumor necrosis and marked
stromal desmoplasia. In conclusion, they
suggested increased AMACR expression might
be related to hypoxia-induced changes in cancer
cell metabolism, such as increased dependence
on fatty acid oxidation for energy generation
(13).

Rain kuefer et al. suggested a hypothesis about
AMACR expression in poorly differentiated
tumors. They believe that as tumors become
dedifferentiated, they no longer renquire beta-
oxidation of fatty acids (AMACR pathway) and
may be they take over other pathways so these
dedifferentiated tumors no longer express P504
protein (14).

AMACR is a sensitive and specific immunohis-
tochemical marker of prostatic malignancies.
Murphy Al et al. showed heterogenous expres-
sion in prostatic cancer in high Gleason score. In
their study, 38% of tumors showed less than 75%
tumor cells staining. This was significantly cor-
related with increased Gleason score (15). P504S
levels in prostatic cancer were not associated
with Gleason score, tumor stage and tumor size
(16). Therefore, P504S can be a good predictor
of high histological grading in some tumors. In
current study, we tried to investigate its expres-
sion in different grades of RCC.

We investigated 45 cases of renal cell carcinoma
with different subtypes and grades. Thirty-seven
out of 45 demonstrated AMACR expression. 5/5
papillary and 1/1 mucinous tabular and spindle cell
RCC expressed alpha-methylacyl coA racemase
with strong granular cytoplasmic staining and
H- score> 280, additive quick score (AQS)
=9 and multiplicative quick score (MQS)=18.
These findings are the same as previous studies
introduced P504s as a key immunohistochemical
stains for Papillary and mucinous, tubular and
spindle cell RCC (17).

All sarcomatoid variants of RCC (0.15) were
negative for AMACR (18). However, in current
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experiment, among two sarcomatoid variants
of RCC AMACR expression was detected in
one case with moderate intensity (H-score=190,
AQS=8, MQS=12). Although in current study
there was few cases of sarcomatoid variant of
RCC, AMACR expression in this type showed
that renal cell carcinoma with sarcomatoid
change can demonstrate p504s staining.

Molinie et al. demonstrated AMACR expression
in 64 out of 110 renal tumors. They did not
consider tumor histologic grade (9). One
chromophobe RCC was totally negative, as
reported in previous studies (9).

AMACR expression in RCC is investigated
in different series but correlation with nuclear
grading has been considered in few series. Grade
is one of the most prognostic factors in patients
with renal cell carcinoma. Ficarra ef al. studied
prognostic value of renal cell nuclear garding in
333 cases as a multivariate analysis. They showed
that nuclear grading is related to medium tumor
size, cancer pathologic stage, vascular invasion,
lymphnodes involvement and distant metastases,
like Fuhrman study (19).

Lin et al. investigated 115 renal neoplasm and
28 metastatic renal cell carcinoma. Their results
demonstrated that a granular, cytoplasmic
staining pattern for P504S was observed in 63
out of 115 primary renal tumors and 23 out of 28
metastatic renal cell tumors. Lin et al. assessed
P504s expression among 70 cases of clear cell
RCC and P504s detection was seen in 40%,
71%, 94%, and 75% of R CCs with Fuhrman
nuclear grade I, I1, III, IV respectively (20). They
just mentioned their observations and they did
not conclude any relation between grading and
AMACR staining. They just have mentioned
that positivity of P504s in higher grades could
be helpful in diagnosing RCC with granular
cytoplasm presenting with intermediate to high-
grade nuclear features (20).

This study examines AMACR expression in RCC
in different histological nuclear grades. Although
we could not find any significant statistically
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correlation between histological grading and
P504s staining, based on our data, among 45
cases of renal cell carcinoma, positivity of P504s
was seen in 60%, 88%, 100%, 66% of cases with
Fuhrman nuclear grade I, II, III, IV. Mean of
H-score increased from grade I to II (182+44 to
218+61) and mean of additive and multiplicative
quick score increased from grade I to II and
grade II to III. Mean of AQS I to II (6.6£1.8 to
7.24+1.4) 1I to IIT (7.24+1.4 to 7.78+1.2) and
mean of MQS I to I (94+5.6 to 11.38+5) II to III
(11.3845 to 12.89+4.7). There are similarities
between our results and Lin et al. study.
Tretiakova et al. showed AMACR expression
in 41 of 41 papillary renal all carcinoma .They
showed that the extent and intensity of P504S
expression did not correlate with nuclear grade of
tumors in papillary RCC (18). In our investigation,
all of papillary RCC demonstrated AMACR
staining with high H-score and Quick score
independent of nuclear grading. Researchers’
showed AMACR as a useful marker in metastatic
carcinomas (21).

AMACR was negative in 47 out of 51 papillary
carcinomas from different organs like thyroid,
lung, breast, pancreas, endometrium, and ovary
(18). The authors suggested P504S as a valuable
marker in differential diagnosis of a metastatic
papillary carcinoma.

Lin et al. study exhibited immunoreactivity for
P504s in 82% of metastatic RCC with more
than 50% immunopositive tumor cells. They
recommended this marker to have diagnostic
value in a small biopsy of metastatic tumor (20).
Stolicu S et al. have reported a 73-year old female
with a left ovarian tumor mass that was strongly
positive for CD10 and AMACR and negative
for CK7. This confirmed the renal origin of this
ovarian tumor (22). To the best of our knowledge
correlation of P504s expression with histological
grade in RCC and  diagnostic utility of this
marker in metastatic RCC has not been evaluated
in large series to date.

In conclusion, in our opinion, it seems that there
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is no statistically correlation between AMACR
expression and histological grade of RCC. Since
few studies have been done in this subject, we
recommend more studies with more cases of
different histologic grades to investigate this
probability.

A high significant correlation was found between
H-score and quick score for this marker. (Aqgs
Vs H- Score: r = 0.701, P < 0.007), (Mgs Vs H-
Score: » = 0.808, P < 0.001) (Table 4- 6). As a
result, we can use quick score in evaluation of
P504s staining instead of H-score.

According to review of articles, it is obvious
that AMACR can be used as a diagnostic
immunohistochemical marker in differential
diagnosis of metastatic papillary and even clear
cell tumors.

Conclusion

P504S is one of the important immunohisto-
chemical markers in primary and metastatic
RCC. Our results show that there is no statisti-
cally correlation between histological grade of
RCC and AMACR staining in semi — quantita-
tive measurement. We suggest AMACR staining
to be used as a diagnostic immunohistochemical
marker in conjunction with other markers in dif-
ferential diagnosis of metastatic renal papillary
and even clear cell carcinoma.
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