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We report a case in a 74-year-old woman of
collecting-duct carcinoma of the kidney with
prominent signet ring cell features. Grossly, the
tumor measured 5.5 cm in greatest dimension,
occupied the entire upper pole of the kidney,
and was well circumscribed. Microscopically, it
displayed a predominant tubulopapillary pat-
tern of growth with a hyalinizing stroma. The
tumor tubules were lined by a single layer of
cells with large, pleomorphic nuclei, some of
which had a hobnail appearance. Large intracy-
toplasmic vacuoles with compression of nuclei
(signet ring cells) were present throughout the
tumor. Alcian blue, mucicarmine, and periodic
acid–Schiff stains failed to identify intracellular
mucin or glycogen in the signet ring cells. En-
larged cells with intracytoplasmic vacuoles were
also noted in the adjacent collecting ducts. The
tumor cells were immunohistochemically posi-
tive for cytokeratin including cytokeratin 7,
CAM 5.2, AE1/3, and 34bE12, vimentin, peanut
lectin agglutinin, and Ulex europaeus aggluti-
nin. Electron microscopy revealed that the in-
tracytoplasmic vacuoles were due to intracellu-
lar edema. To the best of our knowledge, this is
the first reported case of renal collecting-duct
carcinoma with prominent signet ring cell
features.
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Signet ring cells are morphologically characterized
by the presence of intracytoplasmic vacuoles,
which push the nuclei to the cellular borders. Signet
ring cells have been described in many types of
tumors, most of which are adenocarcinomas. They
are most commonly seen in the stomach but are
also present in many other organs, including colon,
appendix, breast, lung, urinary bladder, pancreas,
and gallbladder (1). The signet ring morphology in
these tumors is due to the accumulation of intra-
cytoplasmic mucin, resulting in nuclear compres-
sion. In addition to signet ring adenocarcinomas,
signet ring cells have also been described in many
other neoplasms, such as adenoma and carcinoma
of the thyroid, lymphoma, cutaneous neoplasms,
gastrointestinal stromal tumor, and stromal tumor
of the ovary (2– 6). Signet ring cell changes in the
latter tumor types are usually due to intracellular
accumulation of various materials other than
mucin.

Renal cell carcinomas include a group of histo-
logically heterogeneous tumors. Currently, renal
cell carcinoma is classified into clear-cell (conven-
tional), papillary (chromophil), chromophobe, col-
lecting duct (including medullary), and unclassified
types (7). Although various morphological features
are seen in different types of renal cell carcinoma,
signet ring renal cell carcinoma has not been de-
scribed. We report here a case of collecting-duct
carcinoma (CDC) of the kidney with prominent sig-
net ring cell features.

CASE REPORT

The patient was a 74-year-old African American
woman who had a history of abdominal aortic
aneurysm. During a computed tomographic (CT)
work-up for the aneurysm, she was found to have
a mass in the upper pole of her right kidney.
There was no evidence of renal vein invasion,
extrarenal involvement, or lymph node or distant
metastasis. The patient did not complain of he-
maturia or flank pain. A diagnosis of renal cell
carcinoma was made based on the CT findings.
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She underwent radical right nephrectomy. The
kidney, together with the Gerota’s fascia and
perinephric fat, was easily removed without evi-
dence of adhesion. Postoperative follow-up (10
months), including CT scan, revealed no evidence
of recurrent or metastatic disease. The patient did
not have a history of sickle cell trait.

MATERIALS AND METHODS

Tissue was fixed in 10% neutral buffered for-
malin, embedded in paraffin, and stained with
hematoxylin and eosin, periodic acid–Schiff (pe-
riodic acid-Schiff), Alcian blue, and mucicarmine.
Immunohistochemical studies were performed
on formalin-fixed, paraffin-embedded blocks
with the primary antibodies and lectins listed in
Table 1. Immunoreactivity was detected using
DAKO LSAB-2 kit detection system (DAKO,
Carpinteria, CA) according to the manufacturer’s
recommended procedure. For electron micros-
copy, tissue was first fixed in formalin, then in
glutaraldehyde, postfixed in osmium tetroxide,
dehydrated, and embedded in epoxy resin. Thin
sections stained with uranyl acetate and lead citrate
were examined under transmission electron micro-
scope using a JEOL 100S electron microscope.

PATHOLOGICAL FINDINGS
Gross examination revealed a well-circumscribed

tumor measuring 5.5 3 5.0 3 4.5 cm and occupying
almost the entire upper pole of the kidney. The cut
surface of the tumor was tan to light yellow with
areas of geographic necrosis and hemorrhage (Fig.
1). The tumor was confined to the kidney and did
not invade the renal vessels or the pelvis. The renal
pelvis was dilated, and the non-neoplastic kidney
adjacent to the tumor showed focal necrosis in the
medulla. Microscopically, the tumor was well de-
marcated from the surrounding kidney and par-
tially surrounded by dense, fibrous tissue. It dis-
played predominantly a tubulopapillary pattern of
growth (Fig. 2A). The tubules were surrounded by a

thick layer of basement membrane and lined by a
single layer of cuboidal to low-columnar cells. Pale
luminal secretion was infrequently present. The nu-
clei were intermediate to large in size and varied
from round to oval with moderate pleomorphism
and prominent nucleoli. The most prominent fea-
ture was the presence of variably sized intracyto-
plasmic vacuoles, some of which compressed the
nuclei, resulting in a signet ring appearance in
many tumor cells (Fig. 2B). The amount of cyto-
plasm in the cells without cytoplasmic vacuoles
was scanty to moderate, and some cells lining the
tubules displayed a hobnail appearance. A minor
solid pattern (about 10% of the tumor) was
present in several areas and associated with
slightly spindled tumor cells and pleomorphic
nuclei (Fuhrman Grade 4; Fig. 2C). Mitoses were
only infrequently seen. Areas of tumor necrosis
and aggregates of foamy histiocytes, lympho-
cytes, and plasma cells were present throughout
the entire tumor. Although the tumor had a hya-
linized stroma, a marked desmoplastic reaction
was not seen. In the non-neoplastic kidney, tu-
bular cells with slightly enlarged nuclei and in-
tracytoplasmic vacuoles similar to those seen in
the tumor cells were noted in some collecting
ducts in the renal papillae, but not in other loca-
tions in the kidney (Fig. 3).

Mucicarmine and Alcian blue stains revealed occa-
sional intraluminal mucin. However, the cytoplasmic
vacuoles were not stained with mucicarmine, Alcian
blue, or periodic acid–Schiff, indicating that they con-
tained neither mucin nor glycogen (Fig. 2D). Thick
basement membrane surrounding tumor tubules was
highlighted on periodic acid–Schiff stain. Immuno-
histochemical studies revealed that the tumor cells
were strongly positive for cytokeratins, including cy-
tokeratins 7, CAM 5.2, AE 1/3, and 34bE12, vimentin,
peanut lectin agglutinin (PNA), and Ulex europaeus
agglutinin 1 (UEA-1) (Figure 4). They also reacted
focally with Leu M1 but were completely negative for
cytokeratin 20, epithelial membrane antigen, and car-
cinoembryonic antigen.

TABLE 1. Lists of Antibodies and Lectins Used for Immunohistochemical Staining

Antibody/Lectina Source Dilution Pretreatment

AE1/AE3 (m) Boehringer/Mannheim 1;100 protease digestion
CAM 5.2 (m) Boehringer/Mannheim prediluted protease digestion
Cytokeratin 7 (m) DAKO 1;50 steamer heat at pH 6.0
Cytokeratin 20 (m) DAKO 1;50 protease digestion
Cytokeratin 34bE12 DAKO 1;100 steamer heat at pH 6.0
Carcinoembryonic antigen (m) DAKO 1;200 steamer heat at pH 6.0
Epithelial membrane antigen (p) DAKO 1;100 protease digestion
Leu M1 (m) Cell Marque 1;50 steamer heat at pH 6.0
Peanut lectin agglutinin Vector Laboratories 10 mm/mL none
Ulex europaeus agglutinin 1 Cell Marque 1;100 steamer heat at pH 6.0
Vimentin (m) Immunotech 1;800 protease digestion

a m, mouse monoclonal antibodies; p, rabbit polyclonal antibodies.
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Ultrastructurally, the tumor cells contained
round to oval nuclei with slightly irregular nuclear
membranes. Organelles were relatively scanty. Di-
lated mitochondria, rough endoplasmic reticulum,
lysosomes, and occasional small fat droplets were
present. The most prominent feature was the pres-
ence of non–membrane-bounded intracytoplasmic
empty spaces, in which organelles were very sparse
(Fig. 5). Mucinogens, glycogen, or large fat droplets
were not observed. Small nests of tumor cells were
delineated by a thick basal lamina.

DISCUSSION

Collecting duct carcinoma of the kidney is histolog-
ically characterized by tubulopapillary pattern of
growth, marked desmoplasia, inflammatory infiltrate,
high-grade cytological features with hobnail nuclei,
and mucin production (8, 9). This histologically dis-
tinct tumor is very rare, with less than 100 cases
reported in the literature, and accounts for approxi-
mately 1% of all malignant renal epithelial tumors
(8–17). Origin from the collecting duct is suggested by
its usual medullary location; its immunoreactivity
with UEA-1, PNA, and high molecular weight cytoker-
atin (34bE12) similar to collecting-duct cells; and dys-
plastic changes frequently seen in adjacent collecting

ducts (8–11). Microsatellite allelotyping studies have
revealed that chromosomal imbalances associated
with CDC are different from those found in other
types of renal cell carcinoma (18–21).

Most CDCs are clinically aggressive, frequently
resulting in death (8, 9). However, a group of low-
grade CDC with favorable outcome has also been
proposed (16), suggesting a morphological as well
as biological spectrum of the tumor (16, 22). In
1995, Davis et al. (23) described another renal neo-
plasm termed renal medullary carcinoma, which
almost exclusively occurred in young patients with
sickle cell trait or other hemoglobin disorders and
was associated with an extremely aggressive clinical
behavior. This latter tumor shares many histologi-
cal features with CDC, such as inflammatory des-
moplastic stroma, mucin production, and immuno-
histochemical reactivity with 34bE12, PNA, and
UEA-1. Many authors, therefore, consider renal
medullary carcinoma to be a subtype of CDC with
distinct clinical and genetic settings (7–9).

We classify our current case as a CDC based on
the following features: predominantly tubulopapil-
lary pattern of growth, hobnail cells, presence of
occasional luminal mucin, positive reactivity with
cytokeratin 34bE12, PAN, and UEA-1, and similar
cytological changes in the adjacent collecting ducts.

FIGURE 1. The renal tumor measures 5.5 cm and occupies the entire upper pole of the kidney. The cut surface is tan to light yellow with areas of
geographic necrosis.
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However, our tumor lacked a marked desmoplastic
reaction and an infiltrating border, which may ac-
count for its relative less aggressive behavior (pT1
tumor without evidence of metastasis). Its high-
grade cytological features with a lack of infiltrating
nature place this tumor in the middle of the histo-
logical spectrum of CDC. The presence of a dilated
renal pelvis and focal necrosis of the non-
neoplastic kidney was probably the results of com-
pression caused by the tumor. The patient’s age,
the absence of sickle cell trait, and the localized
nature of the disease were strong evidence against a
diagnosis of renal medullary carcinoma. Although
our tumor displayed some overlapping architec-
tural features with an unusual group of renal cell
carcinoma composed of low-grade small cuboidal
cells arranged in tubular, solid, and spindled arrays,
recently reported by Srigley et al. (24) in an abstract
form, the preponderance of tubulopapillary pat-
tern, the high nuclear grade, and the positive im-
munoreactivity with 34bE12, PNA, and UEA-1 dis-
tinguish our case from the latter.

Although mucin production, either intraluminal
or intracellular, has been reported in most CDCs (8,
9), to the best of our knowledge, signet ring cells

have not been described in renal cell carcinoma,
including CDC. Davis et al. (23) described a micro-
cystic pattern in renal medullary carcinoma, but
signet ring cells were not mentioned. To our sur-
prise, the signet ring cells did not contain mucin, as
evidenced by the negative staining for mucicar-
mine, Alcian blue, and periodic acid–Schiff and by

FIGURE 2. A, low-power view of a tubulopapillary pattern. B, at high power, the tubules are lined by a single layer of tumor cells with large nuclei,
some of which have prominent nucleoli. Signet ring cells and hobnail nuclei are easily appreciated. C, a solid area consisting of spindle cells, many
of which also contain intracytoplasmic vacuoles. D, the intracytoplasmic vacuoles fail to react with periodic acid–Schiff. Note the thick basement
membrane highlighted by periodic acid–Schiff staining.

FIGURE 3. Slightly enlarged cells, some of which contain cytoplasmic
vacuoles, line a collecting duct from an adjacent renal papilla.
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the absence of mucinogens ultrastructurally. No
significant number of fat droplets or glycogen gran-
ules were detected in electron microscopy to ac-
count for the empty cytoplasmic vacuoles. The
pathogenesis of these intracytoplasmic vacuoles is
not entirely clear. One possible cause is artifact.
Signet ring–like changes attributable to biopsy and
formalin fixation have been found in lymphocytes
and smooth muscle cells in transurethral resection
specimens of the prostate, gastric lymphoma, and
gastrointestinal stromal tumor (25–27). We cannot
completely rule out the possibility of retraction ar-
tifact in our case because tissue sections taken for
both histological and ultrastructural studies were
formalin fixed. The fact that similar change was not
present in the non-neoplastic cells, including the
benign tubular epithelium, and that signet ring
morphology has not been observed by other au-
thors in the same type of tumor suggests that this is
a very rare phenomenon. We favor an interpreta-
tion that the intracytoplasmic empty spaces re-

vealed by light and electron microscopy are prob-
ably the results of intracellular edema and
degeneration, which displaced most of the or-
ganelles. Although classic signet ring cells are char-
acterized by intracytoplasmic accumulation of mu-
cin, other materials, including edema, have been
reported to be responsible for signet ring cell for-
mation in some neoplasms (4 – 6). Recently, Koller
et al. also reported two cases of renal oncocytoma
with prominent intracytoplasmic vacuoles due to
the presence of degenerative mitochondria (28).
The presence of thick basement membranes in our
current case further suggests that the tumor cells
underwent some degenerative processes.
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