Chapter 15 )
Application of Immunohistochemistry
in Diagnosis of Renal Cell Neoplasms
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Diagnosis and classification of renal tumors are usually straightforward based on
gross and routine hematoxylin and eosin (H&E) microscopic examination of the
biopsy and resection specimens. Immunohistochemistry (IHC), however, has been
increasingly used in the workup of challenging cases [1-8]. IHC markers are used
to verify histological subtypes, distinguish primary renal cell carcinomas (RCC)
from other nonrenal cell tumor types that can occur in the kidney, or from the rare
metastasis to the kidney. Metastatic RCCs to distant sites often require confirmation
of its renal origin by IHC. Finally, needle biopsies with limited material often
require THC stains to establish diagnosis and classification [9, 10].

In this chapter, we will discuss immunophenotypes of major renal tumors and
IHC markers that are commonly used in clinical laboratories. In addition, algo-
rithms incorporating morphology and IHC profiles in the differential diagnosis of
major RCC histological subtypes will also be discussed.

Immunohistochemical (IHC) Markers Commonly Used
in the Diagnosis of Renal Tumors

Markers That Support the Renal Origin

These markers are expressed in the different parts of the nephron structures and majority
of renal cell neoplasms, but infrequently in non-renal cell neoplasms. Because of their
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relative specificity in renal tumors, they are often used to distinguish renal and nonrenal
cell neoplasms and to confirm the renal origin of metastatic RCC at distant sites. These
markers include cytokeratins (CKs), vimentin, CD10, RCC marker (RCCMa), human
kidney injury molecule-1 (hKIM-1), PAX2, and PAXS. It should be noted that several
commonly used IHC markers are almost always negative in RCC. These include TTF-1,
CDX2, P63, GATA3, NKX3.1, and PSA. Labeling any of these markers is a strong
argument against the diagnosis of RCC. The International Society of Urological
Pathology (ISUP) recommended that PAXS is the most useful IHC marker for establish-
ing the diagnosis of metastatic RCC. One can use IHC for other markers such as ER,
CDX2, NKX3.1, PSA, TTF-1, GATA3, and P63 to help exclude other nonrenal origin
carcinomas, including those that also label for PAX8. The other IHC markers in com-
mon practice are more valuable in RCC classification (see below), can be also support-
ive of metastatic RCC but usually not indicated or useful [6].

PAX2 and PAX8 are both nuclear transcriptional factors mediating embryonic
development of the kidney, Mullerian and other organ systems [11, 12]. Their
expression in human tissues is similar except PAXS8 is also expressed in thyroid
follicular cells while PAX?2 is not. They are expressed diffusely in normal kidney
with higher level in the distal tubules than the proximal tubules (Fig. 15.1a) and
patchy and weakly in the urothelium of the collecting system (Fig. 15.1b). They
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Fig. 15.1 Expression of PAX8 in normal and neoplastic renal tissues. PAXS is expressed through-
out renal tubules, but more intensely in distal tubules and collecting ducts (a), and weakly in uro-
thelial lining the renal papillae and minor calyx/renal pelvis (b). PAX8 expresses in the majority of
renal cell neoplasms, including medullary RCC and metastatic RCCs (¢, d), and therefore PAXS is
considered the most useful marker to confirm a diagnosis of renal cell origin
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have a similar expression profile and are found in approximately 90% of all the
histological subtypes of renal cell neoplasms, including the high-grade sarcoma-
toid and metastatic RCCs (Fig. 15.1c, d). PAX2 and PAXS are therefore consid-
ered the most useful markers to confirm a diagnosis of renal cell neoplasms both
in the kidney and at distant sites due to their high sensitivity, high percentage of
positive tumor cells in positive cases and discrete nuclear staining pattern. These
two markers do have some differences. For example, some renal tumors that may
be negative or infrequently positive for PAX2, including oncocytoma and chro-
mophobe RCC (chRCC), are often positive for PAX8. Another diagnostic pitfall
is occasional expression of PAX2 and PAXS in other nonrenal neoplasms, includ-
ing 10-15% of pelvic urothelial carcinoma, parathyroid tumor, and tumors
derived from the Mullerian and Wolffian duct systems. PAX8 is also expressed in
pancreatic well-differentiated neuroendocrine tumors, thyroid follicular cells,
and thyroid neoplasms. However, PAX?2 is usually negative in thyroid neoplasms,
making itself a better marker to use in the distinction between RCC and thyroid
carcinoma. Positive staining is also reported in neuroendocrine tumors and B-cell
lymphoma due to antibody cross-reactivity with other members of the PAX gene
family.

RCC Marker (RCC Ma)

RCC Ma is a monoclonal antibody raised against a glycoprotein on the brush border
of proximal renal tubules. It is considered a “renal” marker as its expression is found
in approximately 80% of renal cell neoplasms, present in almost all low-grade clear
cell (cc) and papillary (p) RCC [13]. Its expression in other renal tumors is widely
variable and the staining is often focal. It is absent in oncocytoma and collecting
duct carcinoma (CDC). Its main disadvantage is the poor specificity with expression
reported in many other nonrenal tumors, including neoplasms of parathyroid, sali-
vary gland, breast, lung, colon, adrenal gland, testicular germ cell tumors, and
mesothelioma. Its use to support the renal origin of a poorly differentiated tumor is
now largely supplanted by other more sensitive and specific renal markers (i.e.,
PAXS and PAX2).

CD10

CD10 is a cell-surface glycoprotein expressed on the proximal renal tubular epithe-
lial cells and podocytes and many renal tumors with the expression pattern similar
to that of RCC Ma. It was therefore considered a useful marker to support the renal
origin of a poorly differentiated neoplasm. Almost all ccRCCs and pRCCs are posi-
tive for this marker while other types of renal cell neoplasms are negative.
Unfortunately, CD10 is even less specific than RCC Ma. Its expression is reported
in wide array of nonrenal tumors, including carcinomas of lung, colon, ovary, and
urinary bladder, and mesenchymal tumors such as atypical fibroxanthoma, fibrous
histiocytoma, endometrial stromal sarcoma, and lymphomas. CD10 has fallen out
of favor with the advent of PAX8/PAX?2.
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Human Kidney Injury Molecule-1 (hKIM-1)

hKIM-1 is a type I transmembrane glycoprotein expressed in injured proximal renal
tubules. Its expression is also detected in the majority of ccRCCs and pRCCs [14].
None or rare cases of chRCC and oncocytoma express this marker. It is therefore a
relatively sensitive (80%) and specific (90%) marker for ccRCC and pRCC, and
metastatic RCCs. However, its expression is also detected in the majority (93.8%)
of ovarian clear cell carcinoma, one-third of endometrial clear cell carcinoma, and
infrequently in colonic adenocarcinoma, limiting its use to narrow clinical
circumstances.

Vimentin

Vimentin is found in majority of proximal origin RCCs, such as ccRCC and pRCC,
but it is negative on oncocytoma and chRCC. It by itself is not a specific renal
marker as it is a broad mesenchymal marker and its expression is found in wide
range of neoplasms. Co-expression of vimentin and CK, however, is limited to RCC
and a few other carcinomas including endometrioid carcinoma, thyroid carcinoma,
and mesothelioma. Therefore, co-expression of vimentin and CK suggests RCC as
one of the possible diagnoses.

Cytokeratins (CKs)

As an epithelial marker, pan-CK expressed in most RCCs while down expressed in
high grade, sarcomatoid RCC, succinate dehydrogenase deficient (SDH) RCC and
MITF translocation RCCs. Differential CKs are mainly used to discriminate differ-
ent types of renal neoplasms. The most widely expressed CK was CK7 that was
present in 87% pRCCs, 73% of chRCCs, 83% of CDCs and almost 100% clear cell
papillary (ccp) RCCs (Fig. 15.2a—c) and mucinous tubular and spindle cell carcino-
mas (MTSCCs). Lower expression of CK7 was found in ccRCC (20%) and tubulo-
cystic RCC (33%). CK7 was negative or very focally/scattered positive in
oncocytoma (Fig. 15.2d). CK5/6 were expressed in 75% of urothelial carcinoma,
17% CDC/medullary RCC, while negative in most other renal tumor types.

Markers That Are Differentially Expressed in Different RCC
Subtypes

Different histological subtypes of RCC are postulated to be derived from, or dif-
ferentiate toward, different parts of nephron units which have distinct immunopro-
files. Therefore, renal tumors may be classified based on their immunoprofiles that
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Fig. 15.2 Expression of CK7 in renal cell neoplasms. CK7 expression is diffusely and strongly
positive in pRCCs, ccpRCCs, and chromophobe RCCs (a—c), while only in rare, scattered tumor
cells positive in oncocytoma (d)

recapitulate those of the normal nephrons. For example, CD10 and RCC Ma are
found on the proximal renal tubules and in ccRCC and pRCC that are derived from
the proximal renal tubules. Kidney-specific cadherin (Ksp-cadherin), parvalbumin,
claudins, and S100A are found on the distal nephrons and corresponding chRCC
and oncocytomas. High molecular weight (HMW) CKs are detected on collecting
ducts of Bellini and the namesake CDCs. However, caution is required, because
morphology—immunophenotype concordance is not necessarily perfect. Such dis-
cordance occurs as the result of heterogeneity in tumor biology and technicality of
IHC. Furthermore, most published studies utilized morphologically straightforward
cases but not genetically confirmed difficult cases with ambiguous morphology.
One has also to bear in mind that the published immunoprofiles are generally
derived from studies of renal tumors of typical morphology. A poorly differentiated
often retains at least partially the characteristic immunoprofile of the renal tumors
of the same histological class. However, significant deviation from the “typical”
immunoprofile of a particular renal tumor type can occur and may impact the utility
of these IHC markers in the classification of renal tumors. It should be emphasized
that IHC plays a supportive, rather than primary and definitive, role in the histologi-
cal classification of RCC, and is best applied in the context of differential diagnosis.
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Therefore, while a concordant immunoprofile supports classifying the tumor under
study into the subtype with that immunoprofile, a lack of concordance does not
invalidate that classification.

Carbonic Anhydrase IX (CA9)

CAQ9 is a transmembrane protein of the carbonic anhydrase family that regulates
intracellular pH as well as the transfer of CO, across the renal tubules. It is regulated
by hypoxia inducible factor (HIF) and considered a marker for tissue hypoxia. CA9
is not expressed in healthy renal tissue as opposed to other carbonic anhydrase fam-
ily members. It is instead expressed in most cc RCC through HIF-1a accumulation
driven by hypoxia or inactivation of the VHL gene [11, 15]. The staining pattern in
ccRCC is circumferential membranous, “box shape” and is usually diffusely posi-
tive in most or all tumor cells (Fig. 15.3a). Focal staining is seen in up to one-fourth
of cases, typically in high-grade cancer. Its expression is also detected in ccpRCC
with a unique “cup-like” pattern with staining decorating the basolateral, but not the
apical portion of cells lining glandular and cystic spaces (Fig. 15.2b). Its expression
may also be detected in other high-grade tumors in the kidney including CDC and
pelvic urothelial carcinoma, and can be seen adjacent to tumor necrosis due to isch-
emia and hypoxia. CA9 is usually not expressed in chRCCs and oncocytomas.

CA9 expression is also seen in many non-renal tumors, including tumors of
endometrium, stomach, cervix, breast, lung, liver, neuroendocrine tumors, mesothe-
liomas, and brain tumors. Therefore, CA9 has limited value in distinguishing renal
versus nonrenal carcinomas. It is mainly used to confirm a diagnosis of ccRCC or
ccpRCC.

Fig. 15.3 Expression of carbonic anhydrase IX (CA9) in renal cell neoplasms. CA9 expression is
diffuse and circumferential membranous (box-shaped) in ccRCC (a). In ccpRCC, CA9 stains the
basolateral, but not the apical portion of tumor cells (so-called “cup-shaped” pattern or shark teeth
pattern) (b)
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a-Methylacyl Coenzyme A Racemase (AMACR)

AMACR is a mitochondrial enzyme involved in the oxidation of branched chain
fatty acids and bile acid [16]. In the kidney, it is expressed in the proximal renal
tubules. Majority of pRCC, both type 1 and 2, are positive for AMACR as granular
cytoplasmic staining [17] (Fig. 15.4). Its expression is also found in MTSCCA,
tubulocystic RCC, MiTF translocation RCC, but not in ccRCC, ccpRCC, oncocyto-
mas, and chRCC. Therefore, a positive AMACR staining provides support for a
morphological diagnosis of papillary RCC.

AMACR is found in a wide array of non-renal tumors, most commonly in pros-
tate adenocarcinoma, rendering itself of little use in distinguishing renal from non-
renal tumors.

Parvalbumin

Parvalbumin is a calcium-binding protein involved in the intracellular calcium
homeostasis. In the kidney, its expression is limited to the distal nephrons from
which chRCC and oncocytomas are postulated to be derived. In support of such a
histogenic derivation, parvalbumin expression is detected in these two subtypes of
renal cell neoplasms, but is absent in other subtypes [18]. Therefore, parvalbumin
immunostains may be used to differentiate oncocytoma and chRCC from other
renal tumors with similar “oncocytic” cytoplasm.

Fig. 15.4 Expression of
o-methyl acyl coA
racemase (AMACR) in
pRCC. Note its granular
cytoplasmic staining
pattern
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E-Cadherin and Kidney-Specific Cadherin (Ksp-Cadherin)

E-cadherin is a calcium-dependent cell-cell adhesion glycoprotein. It is normally
expressed in many cell types including renal tubular epithelial cells. Ksp-cadherin
is an isoform of E-cadherin whose expression is exclusively found on the basolat-
eral cell membranes of the distal convoluted tubules and collecting ducts [19]. Both
E-cadherin and ksp-cadherin are expressed in almost all chRCC and oncocytomas,
but variably in other subtypes, including CDC, MiTF translocation RCC, MTSCCA,
and urothelial carcinoma. They are usually negative in ccRCC and pRCC. Therefore,
E-cadherin and ksp-cadherin may be used to distinguish chRCC and oncocytoma
from other renal tumors with “oncocytic cytoplasm.”

E-cadherin expression is commonly seen in other nonrenal tumors, often with
positive staining in high percentage of tumor cells, including lung, breast, and blad-
der carcinomas, rendering it unsuitable for differentiating renal from nonrenal
tumors.

CD117

CD117, or c-Kit, is a receptor tyrosine kinase that, upon binding to its ligands, phos-
phorylates and activates signal transduction molecules that propagate signals in cells
and plays a critical role in cell survival, proliferation, and differentiation. Most chRCC
and oncocytomas are positive for CD117 [20] (Fig. 15.5). However, no mutations
were identified in exons 9 and 11 of c-Kit gene the presence of which corresponds to
the therapeutic response to Gleevec in gastrointestinal stromal tumors. ccRCC and
pRCC are in general negative for CD117. Its expression has also been described in
sarcomatoid RCC [21] and a small portion of pelvic urothelial carcinomas.

Fig. 15.5 Diffuse
expression of CD117 in
chRCC and oncocytoma.
This represents an example
of oncocytoma




15 Application of Immunohistochemistry in Diagnosis of Renal Cell Neoplasms 311
S100A1

A member of S100 gene family, SI00A1 is a calcium-binding protein and its expres-
sion is found in nephrons in the adult kidney. It is expressed in most oncocytomas,
but in significantly lower percentage of chRCC cases. Such a differential expression
pattern may aid the distinction of these two tumors. Its expression, however, is also
found in majority of ccRCC and pRCC.

TFE3, TFEB, and Cathepsin K

TFE3 protein is encoded by TFE3 gene on chromosome Xp11.2, and TFEB protein
is encoded by TFEB gene on chromosome 6p21. Both genes are members of
“microphthalmia transcription factor/transcription factor E (MiTF/TFE)” gene fam-
ily. RCCs harboring chromosomal translocations involving respective genes over-
expresses TFE3 and TFEB proteins which can be detected by IHC [22-24].
Although molecular genetic analysis for the chromosomal translocation involving
TFE3 and TFEB genes provides the most definitive evidence, IHC stains for TFE3
and TFEB proteins are simple, sensitive, specific, and highly correlate with the
TFE3 and TFEB gene status in these tumors. TFE3 is undetectable in normal kidney
tissues. TFE3 fusion protein, in contrast, is overexpressed in Xpl1 translocation
RCC and is detected in over 95% of Xp11.2 translocation RCC confirmed molecu-
larly (Fig. 15.6). However, TFE3 immunostaining can rarely be seen in tumors other
than Xp11.2 translocation RCC, as its expression is detected in many perivascular
epithelioid cell tumors (PECOMA) of soft tissue and gynecological tract, a subset
of which indeed harbors TFE3 gene alteration. Rarely, TFE3 immunostain is also

Fig. 15.6 Expression of
TFE3 in a Xpl11.2
translocation renal cell
carcinoma. Note the
nuclear stain of TFE3 in
tumor cells and internal
negative control of stromal
cells




312 F.-M. Deng and Q. J. Zhai

detected in other tumors, including adrenal cortical carcinoma, granular cell tumor,
bile duct carcinoma, and high-grade myxofibrosarcoma. The IHC stain for TFEB
protein is both sensitive and specific for RCC associated with TFEB translocation,
and is not detectable in other neoplasms. Weak nuclear staining for TFEB is rarely
detected in scattered normal lymphocytes. The most significant issue with the IHC
detection of TFE3 and TFEB proteins is that the staining is susceptible to tissue
fixation. Inconsistent staining results are often encountered, especially when the
staining is performed on an automatic stainer. Some staining protocols call for man-
ual staining.

Cathepsin K is transcriptionally regulated by members of the MiTF/TFE gene
family. Its overexpression is seen in all TFEB RCC and 60% of TFE3 RCC, but
none of the other RCC subtypes [25, 26]. Its expression in nonrenal carcinomas is
rare (2.7%), although very common in mesenchymal tumors (>50%). These find-
ings suggest that cathepsin K may be used as a surrogate marker for TFE3 and
TFEB overexpression and is a highly specific marker for translocation RCC.

Markers for Urothelial Lineage Differentiation

Markers for urothelial lineage differentiation, including p63, thrombomodulin, uro-
plakin and GATA3, are expressed in high percentage of urothelial carcinoma but not
in RCC, and therefore, can be used in the diagnosis of a poorly differentiated carci-
noma where the differential diagnosis is between a urothelial carcinoma and RCC
[27]. One caveat is that some of these “urothelial” markers including uroplakin,
GATA3, and p63 have found to be expressed in a small fraction of RCC, particularly
CDC, but usually weak and focal.

Differential Cytokeratins (CKs)

Different types of CK are expressed in different renal tumors and can be taken
advantage of for the purpose of differential diagnosis (also see above). For example,
CK18, a low molecular weight cytokeratin expressed in simple epithelia, is detected
while CK20 is virtually absent in all major renal tumors except the newly described
eosinophilic solid cystic RCC [28, 29] CK7, a low molecular weight cytokeratin, is
expressed in pRCC (predominantly type 1), ccpRCC, chRCC, CDC, and urothelial
carcinoma. It is usually negative in oncocytoma and ccRCC. High molecular weight
cytokeratins (HMWCKSs), detected by antibody clone 34BE12 and CK5/6, in con-
trast, are expressed in the majority of CDC and almost all urothelial carcinoma and
significant proportion of ccpRCC, but uncommonly in other RCC subtypes.
Clinically several CK monoclonal antibody clones are used, including AE1/3,
CAMS.2, 34BE12, and CK5/6. AE1/3 is considered a pan-CK as it detects both
LMW (CK7, 8, and 19) and HMW (CK10, 14-16) CKs, but it lacks reactivity to
CK18, a CK almost ubiquitously present in simple epithelia, including renal tumors.
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Notably, AE1/3 is positive in only one-third ccRCC and one-fourth of translocation
RCC. If one wishes to confirm the carcinomatous nature of a poorly differentiated
tumor in the kidney, a panel of markers, including AE1/3, CAMS.2, and CK18, is
recommended to be used.

Immunophenotype of Common Renal Tumors

Clear Cell Renal Cell Carcinomas (ccRCCs)

ccRCCs are commonly reactive for kidney-specific transcriptional factors including
PAX?2 and PAXS (Fig. 15.1). Most also react with brush border antigens such as
RCC Ma and CDI10, low molecular weight cytokeratins (LMWCKSs), epithelial
membrane antigen (EMA), and vimentin. HMWCKSs are rarely expressed. CA9, a
downstream target gene of hypoxia inducible pathway, is expressed in the majority
of cases (Fig. 15.3). CK7, CK20, CD117, epithelial cadherin, parvalbumin, and
CD117 are usually negative. Some ccRCCs demonstrate a focal “pseudopapillary”
growth pattern secondary to tumor cell dropout sparing the cells at the periphery of
blood vessels. Unlike pRCC, histiocytes, and intracellular hemosiderin are usually
absent from the papillae. Classic ccRCC foci are usually evident elsewhere, but if
necessary, CK7, and CA9 may be useful as CK7 often is expressed in pRCC, but not
by ccRCC and CA9 has a reverse expression pattern.

Multilocular Cystic Renal Cell Neoplasm of Low Malignant
Potential

It has almost identical immunoprofiles with classic low-grade ccRCC. The clusters
of epithelial cells within the septa react with antibodies to CKs, EMA, CK7, and
CAQ9, but not histiocytic markers.

Clear Cell (Tubulo) Papillary Renal Cell Carcinomas (ccpRCCs)

ccpRCCs have a characteristic immunophenotype. Tumor cells are diffusely posi-
tive for CK7 (Fig. 15.2b), and positive for CA9 with a “cup-shaped” staining pattern
(Fig. 15.3b), but negative for CD10, AMACR, and TFE-3. Due to the presence of
papillary structures lined with clear cells, ccRCCs, and pRCCs often enter into the
differential diagnosis for ccpRCC. However, ccRCC does not contain extensive
papillary structures, and are positive for CD10 but negative for CK7. pRCC, on the
other hand, does not harbor a prominent clear cell component, and is positive for
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CD10 and AMACR. RCC associated with Xp11.2/TFE3 translocation typically
affects children and young adults. Papillae lined with tumor cells with abundant
clear and granular cytoplasm are characteristic. However, tumor cells have high-
grade nuclei and are positive for TFE-3 and negative for CKs.

Papillary Renal Cell Carcinomas (pRCCs)

pRCCs are usually strongly reactive with antibodies to panCKs and LMWCKGs,
but only rarely with antibodies to HMWCKs. CK7 expression is more frequent in
type 1 (87%) than in type 2 (20%) (Fig. 15.2a). Reactivity for vimentin and EMA
is variable and inconsistent. CD10, AMACR, RCC Ma, PAX2, and PAX8 are
expressed in pRCC. Several other renal tumors should be differentiated from
pRCC. Lesions 1.5 cm or less than 1.5 cm with low grade (Fuhrman grade 1 or 2)
and lacking of distinct capsule have been designated papillary adenomas while
those larger than 1.5 cm are classified as pRCCs. ccpRCCS are small tumors aris-
ing frequently in end-stage kidney disease with cystic and fibrotic background.
ccpRCC characteristically has low-grade tumor cells and clear cytoplasm. Nuclei
are characteristically linearly polarized away from the basement membrane toward
the luminal surface (reverse polarization of nuclei). Tumor cells are diffusely posi-
tive for CK7, positive for CA9 with “cup-like” staining pattern, and negative for
CD10. pRCC can be confused with ccRCC exhibiting a pseudopapillary growth
pattern. Such pseudopapillae are typically devoid of the fibrovascular cores of
pRCCs. ccRCC is also much Iess likely to show calcification, cytoplasmic hemo-
siderin and islands of foamy macrophages expanding papillae. Tumor cells of
ccRCC express CA9, but lack CK7 and AMACR expression which is frequently
seen in the pRCCs. CDC with papillary features can be distinguished from pRCC
by its medullary location in the kidney, desmoplastic stromal reaction, its high-
grade features, and intracytoplasmic, and luminal mucin. In contrast to CDC,
pRCC rarely demonstrates a desmoplastic stroma. Immunohistochemically, unlike
most pRCCs, CDC reacts with CEA, and HMWCKSs. Metanephric adenoma is
well circumscribed, but does not have a tumor capsule. Tumor cells have scant
cytoplasm and uniform and round nuclei, and are negative for cytokeratin but
positive for WT-1. WT-1 is frequently detectable in the nuclei of metanephric
adenomas. The cells of metanephric adenoma are positive for PAX2, PAXS, and
CD57, frequently negative for EMA, CK7, cytokeratin CK AE1/AE3, CD56, and
AMACR. CD57 and WT1 are positive, and BRAF V60OE is positive in 90% meta-
nephic adenoma [30, 31].

Therefore, before to render the diagnosis of metanephric adenoma, pan-CK, and
CK7 should be performed and if CK is positive, this tumor is most likely not meta-
nephric adenoma.
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Chromophobe Renal Cell Carcinoma (chRCC)

Antibody to cytokeratin 7 is useful in diagnosing chRCC. It typically reacts strongly
with the great majority of cells and the reaction is accentuated at the cell membrane
(Fig. 15.2¢). E-cadherin, kidney-specific cadherin, parvalbumin, and CD117 are
also diffusely positive in chRCCs (Fig. 15.5). Vimentin, CA9, and AMACR are
negative. Classic chRCC including distinct plant-like cell membrane, raisinoid
nuclei, and perinuclear clearing often can be diagnosed with confidence on hema-
toxylin and eosin sections. ccRCC occasionally enters into the differential diagnosis
and the correct diagnosis is usually achieved by adequate sampling, diffusely posi-
tive CK7 and E-cadherin staining, and negative CA9 staining. Eosinophilic chRCC
closely resembles renal oncocytoma. In oncocytomas, Hale’s colloidal iron stain is
negative and only scattered cells or small clumps of cells react with antibody to
cytokeratin 7.

MiT Family Translocation RCC

This tumor underexpresses epithelial markers such as CKs and EMA. CD10, RCC
Ma, PAX2, and PAXS are consistently expressed. Melanocytic markers such as
HMB-45 and Melan A are positive in some tumors. Nuclear immunoreactivity for
TFE3 gene product is confirmatory (Fig. 15.6). Cathepsin K, whose expression is
modulated by MiTF and other members of MIT family including TFE3, is detected
in 60% of Xp11.2/TFE3 translocation RCCs.

Collecting Duct Carcinoma (CDC) of Bellini

There is no specific immunoprofile for CDCs. Most cases stain with LMWCK and
broad-spectrum CKs, CEA, peanut lectin agglutinin (PNA) and Ulex europaeus
agglutinin (UEA). The majority expresses HMWCK 34pE12, CK7, PAX2, and
PAXS. CDI10 and P63 are usually negative. The differential diagnosis includes
pRCC (discussed earlier), hereditary leiomyomatosis RCC syndrome, urothelial
carcinoma with glandular differentiation, medullary carcinoma, and metastatic car-
cinoma. Urothelial carcinoma presents the most difficult challenge since it shares
many features with CDC such as the propensity to form tubular glands, desmoplas-
tic stroma, tumor cells in adjacent collecting tubules, and intracytoplasmic mucin.
The finding of in situ urothelial carcinoma within adjacent calyces or the renal pel-
vis is supportive of the diagnosis of urothelial carcinoma. Therefore, generous sam-
pling of renal pelvis and proximal ureter with careful microscopic examination is
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mandatory. Additionally, the immunohistochemical profile of urothelial carcinoma
is PAX8-/P63+/GATA3+. Hereditary leiomyomatosis RCC syndrome typically
affects young patients who may also be afflicted with multiple cutaneous leiomyo-
mas and early-onset uterine fibroids. Tumor cells characteristically have very prom-
inent nucleoli that resemble melanoma nuclei or cytomegalovirus inclusions.

Renal Medullary Carcinoma

The main differential diagnosis of renal medullary carcinoma includes CDC and
high-grade invasive urothelial carcinoma. The tumor cells are positive for keratin
AEI1/AE3, PAX2, and PAXS, and variably for EMA and CEA. They are negative
for HMWCK and immunohistochemical loss of expression of the nuclear tran-
scriptional regulator SMARCB1 (INI1) is seen in all renal medullary carcinoma
but not in other types of RCCs except a small portion of CDCs [32] (Fig. 15.7).
OCT3/4 also stains medullary carcinoma, usually not for CDC or urothelial carci-
nomas [33].

Tubulocystic RCC

The immunoprofile is closely related to pRCC with diffuse positivity with AMACR,
CD10, PAX2, and PAXS staining. CK 7 staining is positive in all cases, but is often
heterogeneous and weak.

Fig. 15.7
Immunohistochemical loss
of expression of
transcriptional regulator
SMARCBI (INIl) ina
renal medullary carcinoma.
Note the loss of nuclear
stain of INI1 in tumor cells
(indicate with arrows) and
preserved INI1 in adjacent
nonneoplastic inflammatory
and stromal cells
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Acquired Cystic Disease-Associated RCC

A consistent immunoprofile is not yet known, but the morphology is so distinct and
in general, no immunostains are required. This tumor is known to express AE1/3,
CD10, RCC Ma, and AMACR. CK7 is negative, or at most, focally positive.

Hereditary Leiomyomatosis RCC (HLRCC RCC)

The epithelial component of the tumor showed positive immunoreactivity for CK7,
CAM 5.2, and CD-10, and negative for smooth muscle actin (SMA). The stromal
component is positive for a-SMA and negative for HMB45, CD117, CKs, ER, and
PR. Loss of fumarate hydratase (FH) is specific for HLRCC RCC. Loss of FH expres-
sion can be confirmed by immunohistochemistry if specific antibody is available.
Recently, immunoexpression of S-(2-succinyl cysteine (2SC) has been shown to be
of diagnostic utility for HLRCC RCC. 2SC results from the reaction of accumulate
fumarate with the cysteine sulthydryl group of proteins and shows strong nuclear and
cytoplasmic expression in these tumors. Most of other types of RCCs are negative for
2SC, although some cytoplasmic staining can be seen in type 2 pRCCs. Together
with the loss of FH and high expression of 2SC a very useful ancillary tool in the
differentiation of HLRCC RCCs from other high-grade RCCs [34] (Fig. 15.8).

Succinate Dehydrogenase-Deficient Renal Cell Carcinoma
(SDH-Deficient RCC)

The tumor cells show variable CK expression and are positive for PAX8 and kidney-
specific cadherin. Loss of IHC staining for SDHB is considered a requirement for
the diagnosis of SDH-deficient RCC. One should be cautious in interpreting SDHB

y - B A

Fig. 15.8 (a, b) Loss of fumarate hydratase and accumulation of 2SC in a FH-deficient (HLRCC)
RCC. Note the loss of FH in tumor cells and preserved FH in adjacent nonneoplastic (a), accumu-
lation/over expression of 2-SC in the tumor cells
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immunohistochemistry in renal tumors and markedly decreased or weak SDHB
staining should not be interpreted as SDHB-deficient RCC [35, 36].

Oncocytoma

Oncocytomas are immunoreactive with antibodies to EMA, most CKs, CD117,
E-cadherin, and kidney-specific cadherin. Their CK7 reactivity is focal, decorating
scattered single cells and small clusters of cells (Fig. 15.2d). Vimentin is invariably
negative.

Metanephric Adenomas

WT-1 is frequently detectable in the nuclei of metanephric adenomas. The cells of
metanephric adenoma are positive for PAX2, PAX8, and CD57, frequently negative
for EMA, CK7, CK AE1/AE3, CD56, and AMACR. CD57 and WT1 are positive,
and BRAF V600E is positive in 90% metanephic adenoma. It is recommended that
all adult cases histologically resembling metanephric adenoma have WT1, CD57,
CK7, and AMACR immunohistochemical staining performed. If the staining pat-
tern is characteristic for metanephric adenoma (CK7-, AMACR-, WTI1+, and
CD57+, including membranous staining), then no other diagnostic tests are indi-
cated. However, if there is a different immunostaining pattern, then we recommend
FISH analysis [31].

Utility of Immunohistochemistry in Morphological
Classification of Renal Tumors

With the exception of TFE3, TFEB, FH, 2-SC, and SDHB, none of the above-
mentioned markers are specific for a specific type of renal tumors. Immunostains
should then be used to corroborate, rather than to establish, the morphological clas-
sification. One should always carefully examine the H&E morphology of the tumor
first to generate a differential diagnosis and then apply appropriate markers. A panel
of markers is preferred to include markers that support the favored diagnosis and
markers that rule out other diagnoses included in the differential diagnosis.

Renal Tumors with Predominantly Clear Cell Nests and Sheets

Besides, ccRCC, many other renal tumors have clear, or pale-staining, cytoplasm
at least focally but often as the predominant morphological feature. Their char-
acteristic morphological features should lead to the correct diagnosis, or at least
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narrow down the differential diagnosis in most cases. An initial panel of markers,
including CK7, CA9, and ksp-cadherin (or CD117), is recommended for work-
ing up of difficult cases. Additional markers can be performed judiciously based
on the differential diagnosis. For example, urothelial markers, including p63,
GATA-3, and HMWCK can be stained if urothelial carcinoma is suspected.
Adrenal cortical markers including inhibin, calretinin, and MelanA can be per-
formed to rule out intrarenal adrenal cortical tissue. TFE3, TFEB, Cathepsin K,
and melanoma-associated markers can be used for the diagnosis of MiTF trans-
location RCC. HMB45, MART-1 as well as cathepsin K are quite valuable in the
diagnosis of epithelioid angiomyolipoma (AML) when initial CK is negative.
One important clinical question frequently raised by clinicians is whether a
poorly differentiated RCC is a ccRCC or a non-ccRCC for treatment purpose.
The tumor should be extensively sampled to look for areas with classical ccRCC
morphology. The latter may be minute, but if present and possessing a character-
istic immunoprofile (CK7-, CA9+, ksp-cadherin-, p63-), supports the diagnosis
of ccRCC.

Renal Tumors with “Oncocytic” Cytoplasm (Pink Cell Tumor)

Oncocytic cytoplasm can be seen in many renal tumors and may pose significant
diagnostic challenges. In ccRCC, high-grade tumor cells tend to lose cytoplasmic
clarity and acquire oncocytic cytoplasm. The initial panel to work up on a chal-
lenging tumor with oncocytic cytoplasm includes CK7, CA9, AMACR, and ksp-
cadherin (or CD117). Additional markers can be added if other tumors are
suspected, including melanocytic markers for oncocytic AML, and TFE3, TFEB,
and cathepsin K for translocation RCC. One frequently faced diagnostic issue is
the distinction between an oncocytoma and chRCC, eosinophilic variant.
Oncocytomas are characteristically negative or positive in single or small clusters
of cells for CK7, diffusely positive CDI117, ksp-cadherin, and E-cadherin.
ChRCC, on the other hand, is diffusely positive for CK7, CD117, ksp-cadherin,
and E-cadherin. Deviation from these characteristic immunoprofiles may justify
labeling the tumor as “oncocytic tumor” without further subclassification. For
example, an oncocytoma with diffuse CK7 staining is not characteristic and may
be labeled as “oncocytic tumor, not otherwise specified,” especially when other
atypical features, such as diffuse nuclear atypia, are present. Recently, some new
entities of RCCs with oncocytic/eosinophilic cytoplasm have been described and
these include SDH-deficient RCC, FH-deficient RCC (HLRCC RCC), and eosin-
ophilic cystic solid RCC (ESC). Li et al. reviewed 33 unclassified RCCs with
predominantly eosinophilic cytoplasm in patients aged 35 years or younger and
performed IHC for SDHB, FH, and CK20 (a marker of ESC RCC) on all cases.
30% cases were reclassified as ESC RCCs; 24% as SDH-deficient RCCs. 12% as
FH-deficient RCCs; and 33% remained unclassified. The authors suggested that
pathologists should have a low threshold for performing FH, SDHB, and CK20
IHC when confronted with unclassified eosinophilic RCC or “oncocytoma’ in
young patients [37].
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Renal Tumors with Predominantly Papillary Components

Renal tumors with predominantly papillary components are pRCC, ccpRCC, and
MiTF translocation RCCs, although focally papillary pattern is seen in many other
renal tumors, especially in high-grade tumors [38]. The initial panel of markers
should include CK7, AMACR, and CA9. A high-grade renal tumor with predomi-
nantly papillary architecture should elicit a differential diagnosis of type 2 pRCC,
CDC, HLRCC RCC, and metastatic adenocarcinoma to the kidney. Except for
lineage-specific markers (CDX2, TTF-1, etc.), other markers are considerably vari-
able in their expression pattern in these tumors; therefore, offer little help in the
classification of these tumors. Classification of these tumors therefore depends
largely on morphology and clinical manifestation.

Renal Tumors with Papillae Covered with Clear Cells
as Predominant Features

The differential diagnosis includes ccpRCC, pRCC, and translocation
RCC. Characteristic morphological features and immunoprofiles can readily distin-
guish these three lesions. ccpRCC is a recently described new subtype which
behaves in a benign or indolent fashion [39]. Therefore, it is important to distinguish
it from ccRCC and pRCC. It has characteristic morphology and immunoprofile
(CK7+, CD10-, CA9+ with “cup-shaped” staining pattern,” and AMACR-) [39].

Renal Tumors with Tubulopapillary Architecture in Children
and Young Adults

If a renal tumor has tubulopapillary architecture in children and young adults, the
differential diagnosis should include pRCC, metanephric adenoma, and epithelial
predominant Wilms tumor. With appropriate clinical history and morphology, trans-
location RCC and metastatic adenocarcinoma may also be considered.

Renal Tumors with High-Grade Infiltrative Growth Pattern

Renal tumors with multinodular growth, desmoplastic stroma, and invasive borders
(tumor cells infiltrating between renal tubules and glomeruli at the advancing front)
are difficult to classify based on morphology alone. One has to first rule out a metas-
tasis to the kidney. PAXS8 and PAX2 are probably the most useful markers owing to
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their relatively high sensitivity and specificity. If a tumor is deemed likely to origi-
nate in the kidney, urothelial carcinoma should always be considered and ruled out
as the management for urothelial carcinoma and RCC is drastically different. The
presence of urothelial carcinoma in pelvic mucosa and typical staining pattern
(CK7+, CK20+, PAX8-, HMWCKH+, and p63+) supports a diagnosis of an urothe-
lial carcinoma. Clinical history of hemoglobin disease and loss of INI1 make the
diagnosis of medullary RCC. To make a diagnosis of CDC we need to rule out other
possibilities, particularly urothelial carcinoma, HLRCC RCC (FH-deficient RCC)
and metastatic tumors [32].

Use of Immunohistochemical Markers in the Interpretation
of Needle Biopsies of Renal Masses

Needle biopsy of renal masses has recently become more popular in the manage-
ment of patients with renal masses owing to several reasons. The biopsy aims to
clarify at least three questions. (A) Is the renal mass a neoplasm? (B). Is it a primary
RCC, or metastatic cancer/lymphoma? (C). What is the histological classification of
a primary RCC?

The most significant limitation of renal mass needle biopsy is the small quantity
of tissue procured which may limit the morphological evaluation of the renal mass
lesion. Consequently, [HC is often employed to supplement the morphological eval-
uation. A recent study found that standard morphological evaluation and judicious
use of five markers (CK7, CD10, CA9, AMACR, and CD117) yielded accurate
diagnoses in >90% of cases in an ex vivo needle biopsy study after nephrectomy [9].
When using THC to work-up a renal mass biopsy, one should use the same, if not
more, due diligence as in the workup of nephrectomy specimens. Careful morpho-
logical examination should be performed first to generate a list of differential diag-
noses. Appropriate markers are then applied and the results are used to corroborate,
rather than to establish, the morphological diagnosis.

Prognostic and Predictive Markers

The roles of several genetic pathways, including mammalian target of rapamycin
(mTOR) and hypoxia inducible factor (HIF), in renal carcinogenesis and progres-
sion have been increasingly elucidated. Key components of these pathways have
been investigated for their prognostic and predictive value for targeted therapies.
For example, von Hippel-Lindau gene (VHL), a tumor suppressor gene on chromo-
some 3p25-26, plays a crucial role in HIF pathway. In normal cells, VHL targets
HIF for proteasome-mediated degradation and therefore keeps HIF at low level.
When VHL gene is inactivated, by gene mutation or promoter hypermethylation,
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HIF accumulates and activates the downstream target genes, including vascular
endothelial growth factor (VEGF) and CA9. Many of these molecules contribute to
carcinogenesis in ccRCC. Functional loss of VHL is implicated in hereditary and
sporadic ccRCC. However, studies have shown conflicting data on the prognostic
value of VHL gene alteration. Loss of function mutation in VHL gene correlated
with response to anti-VEGF therapy in some studies.

Several studies have found that the level of CA9 expression seems to have prog-
nostic significance, with low expression (<85% of tumor cells) correlated with
worse overall survival in metastatic RCC, and high CA9 expression (>85%) was
predictive of response to IL-2 [40, 41]. In addition, high CA9 expression (>85%) is
associated with greater tumor shrinkage in response to sorafenib, a VEGF inhibitor,
treatment [42]. However, more recent data from the TARGET study did not find
CAO9 expression status to be either predictive of clinical benefit for treatment with
sorafenib or of prognostic value in patients with metastatic ccRCC following cyto-
kine therapy [43].

Other molecules that have been investigated for their prognostic and predictive
roles in RCC include key components of mTOR pathway, B7 family members that
are coregulatory molecules inhibiting T-cell-mediated immunity, IMP3 which is a
member of the insulin-like growth factor II mRNA-binding protein [44], p53,
histone-modifying and chromatin-remodeling genes [45]. However, vast majority
of published studies are of single-center research and comprise small number of
cases. No marker has so far emerged as being reproducible and consistent across
published studies. Therefore, no markers are ready to be recommended in routine
clinical use for prognosis and prediction of therapy response. Large, multicenter
prospective studies are needed to validate some promising markers. CA9 may be
performed at clinician’s request and expression can be quantified as <85% or >85%.

Summary

Diagnosis and classification of renal cell neoplasms, based primarily on the routine
H&E morphological features, are usually straightforward. IHC markers, however,
play an important role in several clinical settings, including distinguishing renal
from nonrenal tumors, subtyping of renal cell neoplasms and working up renal mass
needle biopsy with limited tissue quantity. These markers include those whose
expression supports a renal origin (PAX2/PAXS, RCC Ma, CD10, HKIM-1, and
vimentin) and those with differential expression in different renal tumor subtypes
(CA9, AMACR, parvalbumin, E-cadherin, ksp-cadherin, claudin 7/8, CD117,
S100A1, TFE3, TFEB, cathepsin K, markers of urothelial differentiation, and vari-
ous CKs). Each marker has its utility in a specific diagnostic setting. A panel of
markers should be used to corroborate, but not to supplant, the morphological diag-
nosis and classification. So far, no markers have proven clinical utility in the predic-
tion of clinical outcomes and response to novel targeted therapy.
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