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Immunoperoxidase staining for renin was performed
with renal tumors, including juxtaglomerular (JG)
tumor, Wilms' tumors, renal adenocarcinomas, renal
oncocytomas, and cortical adenomas. Compared with
theJG apparatus adjacent to the glomerulus,JG tumor
cells were less darkly but diffusely stained for renin.
One of five Wilms' tumors revealed more numerous
renin-containing tumor cells than the adjacent renal
cortex, whereas three of ten renal adenocarcinomas
and two of three renal oncocytomas revealed only fo-
cally renin-positive tumor cell cytoplasms. None ofsix
cortical adenomas were positive for renin. With avail-

RENAL TUMORS presenting hypertension and hy-
perreninemia are practically curable,",2 among which
juxtaglomerular (JG) tumors and Wilms' tumors are
the most frequently encountered renin-secreting
tumors.'-3 A syndrome of severe hypertension, hy-
perreninemia, and secondary aldosteronism in young
patients is characteristic of JG tumor."3 Wilms'
tumor occurring in young children may elaborate
renin and present hypertension. 1,4-6 Adenocarci-
noma of the kidney accounts for about 90% of all
malignant tumors of renal parenchyma and occurs
most frequently in patients over 60 years of age.7 Hy-
pertension is estimated to occur in about 25% of the
patients with renal adenocarcinoma; and in a few of
these patients, hypertension is secondary to hyper-

7,8reninemia.
This study was attempted to localize renin immun-

oreactivity by immunohistochemical techniques in
renal tumors, which include JG tumor, Wilms'
tumor, renal adenocarcinoma, renal oncocytoma,9
and cortical adenoma.
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able fresh tumor tissue, renin activity was studied by
measuring newly formed angiotensin I by radioimmu-
noassay. JG tumor contained markedly elevated renin
activity, whereas one Wilms' tumor and two renal ade-
nocarcinomas contained no more than 2% renin activ-
ity of the renal cortex, more than 50% of which was
inactive renin. These findings suggest that the JG
tumor elaborates enormous amounts of active renin,
whereas other renal tumors produce lesser amounts of
renin, more than halfofwhich is inactive renin. (AmJ
Pathol 1987, 126:73-80)

Materials and Methods
Tumor tissue was collected at surgery or autopsy

and fixed with Bouin's fluid or buffered 10% forma-
lin. Deparaffinized sections were processed by the in-
direct immunoperoxidase technique'0 with the use of
rabbit anti-human renin and peroxidase-conjugated
goat anti-rabbit gamma globulin (Bio Sys, Com-
piegne, France). The specificity ofthe renin antibody
was previously reported,"I and this antiserum recog-
nizes both active and inactive renin. The tumors stud-
ied consist of one JG tumor, five Wilms' tumors, ten
renal adenocarcinomas, three renal oncocytomas,
and six renal cortical adenomas. Fresh tissue from
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one JG tumor, one Wilms' tumor, and two renal ade-
nocarcinomas was also collected for studying renin
activity. Tissues were extracted with 10 mM P04
buffer (pH 7.0) containing 10 mM EDTA. Extracts
were assayed for renin and inactive renin by our pre-
viously described method.'2 Briefly, this consists of
exposing the extract to buffer or trypsin solution (2
,ug/ml) for 30 minutes at room temperature, incuba-
tion with sheep substrate to generate Angiotensin I,
and radioimmunoassay of Angiotensin 1.12 The re-
sults are expressed as milliGoldblatt units per gram
tissue with the use of an international reference stan-
dard for renin.

Results

Immunohistochemical Findings

The number of patients, their age, sex, size of
tumors, and the result of immunohistochemical
staining are given in Table 1.

JG Tumor
The tumor is a well-circumscribed subcapsular

mass, measuring 2 cm in diameter (Table 1). Histo-
logically, the tumor is surrounded by the pseudocap-
sule with pushing margin (Figure 1) and consists of
solid sheets or cords of closely packed tumor cells
containing uniform nuclei and plump cytoplasm
larger than that of the adjacent renal tubules. The
cytoplasm is polygonal and basophilic by hematoxy-
lin and eosin (H&E) staining (Figure 1). By immuno-
histochemical staining, the adjacent renal cortex re-
vealed darkly stained renin-containing cells in the JG
apparatus (Figures 2 and 3), whereas the tumor cells
were less dark, but diffusely mild to moderately
stained (Figure 2).

Wilms' Tumors
Among the five cases, one case reveals scattered,

strongly renin-positive cells in predominantly glan-
dular tumor cells, which appear spindled in shape and
are located along the longer axis of the cytoplasm
(Figure 4).

Renal Adenocarcinomas
Among ten cases studied, three cases show sparsely

scattered renin-positive tumor cells. Positive staining
is round and focally occupies the cytoplasm.

Oncocytic Adenomas
Two ofthree cases reveal focally round renin-posi-

tive cytoplasm (Figure 5), similar to that ofrenin-pos-
itive renal adenocarcinomas.

Table 1 -Summary of Cases

Tumor

Case Age Sex Site (R or L) Size (cm) Renin staining*
A. JG cell tumor

1 14 F R 2.0X2.0 ++++
B. Wilms' tumors

1 1 M R 15X15X10 +++
2 2 F R 7.5X7.5X7 -
3 7 F R 19X10X7 -
4 8 F L 5.6X4X4 -
5 10 M L 4X4X3 -

C. Renal adenocarcinomas
1 21 F R 1.5X1.0X1.0 -t
2 28 F R 11X8X7 -
3 39 M R 13X10X8 +
4 61 F L 9 X8X8 +
5 61 F L 7.5X75X5 -
6 63 M R 7X5X3X
7 65 M R 4.5X4X3 -
8 71 M R 4X3X2 -
9 72 M L 5.5X5X4 -§
10 73 F R 7.5X6X4.5 -

D. Renal oncocytomas
1 65 M R&L 1.2X0.8X0.8 +

1.5 X 1.0X 1.0
2 72 M L 0.7X0.4X3.0 -

0.4 X 0.4 X 0.3
3 76 M R 1.5X1.0X1.0 +

E. Cortical adenomas
1 53 M L 1.2X0.9X0.8 -t
2 64 M R&L 1.3X1.2X1.0 -

1.0 X 0.8 X 0.7
3 65 M R 0.7X0.5X0.3 -

0.6 X 0.5 X 0.5
4 65 M R&L 1.5X1.2X1.0 -

1.4X 1.0X 0.8
5 72 M R 0.5X0.4 -§

0.3 X 0.3
0.4 X 0.3

6 75 M L 0.5 X0.4 -

*Grading system: ++++, all tumor cells positively stained. +++, more,
++, the same number; or +, less tumor cells positive, compared with
adjacent normal renal cortex.
tThe patient with tuberous sclerosis also had an angiomyolipoma in the

left kidney.
fThe patients had been on hemodialysis for more than 10 years.
§The same patient had both renal adenocarcinoma and cortical ade-

noma.
IlMultiple adenomas.

Cortical Adenomas
All of six cases are composed of either papillary or

trabecular basophilic tumor cells and are negative for
renin staining (Figure 6).

Renin Activity of Tumor Tissue

The renin activity of the tissue extract is given in
Table 2. The two tissue samples of normal renal cor-
tex revealed about 2700 mU renin/g tissue. The JG
tumor contained about 100 times renin activity of
normal renal cortex (Table 2), which was very similar
to the value reported by Galen et al with another JG
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Figure 1- JG tumor. The tumor is surrounded
by the pseudocapsule with pushing margin,
containing lymphocytic infiltrates. It consists of
uniform cells with larger nuclei and more abun-
dant cytoplasm than those of adjacent renal tu-
bules. (H&E, A, X125; B, X625)

tumor.'3 The active and total renin levels were the
same for the normal renal cortex and the JG tumor.
The renin level ofCase 1, Wilms' tumor, was about

2% that of the normal cortex; about half was active
and half was inactive renin (Table 2). Case 3, renal
adenocarcinoma, was studied with two tumor sam-
ples from the same tumor, which showed the same

renin levels as the Wilms' tumor with one sample and
about 15% ofactive renin and 85% inactive renin with
the second sample (Table 2). Case 5, renal adenocarci-
noma, revealed a total renin level less than 1% of
normal cortex, and about 60% ofthis 1% was inactive
renin. Thus, both Wilms' tumor and renal adenocar-
cinoma contained up to 2% of renin activity of the
normal renal cortex, and more than half ofthis renin
was inactive (Table 2).

Discussion

Renin immunoreactivity was detected by immun-
ohistochemistry in the tumor cells of JG cell tumor,
Wilms' tumor, renal oncocytoma, and renal adeno-
carcinoma: the latter two were only focally positive in
tumor cell cytoplasms. Only the JG tumor presented
clinical symptoms characteristic for hyperreninemia
as reported previously.'4

In the human kidney, renin-containing cells are

detected in early metanephros (5-week-old fetus), and
most ofthem are located in the wall ofthe renal artery
branches, particularly in the prospective vascular pole
of the glomeruli. 5 Renin-containing cells can be
found in the poorly differentiated peripheral cortical
blastema, in nearby arterioles of pocketlike S-shaped
tubules as well.15

A

B
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Figure 2-JG tumor. By immunohistochemical
staining for renin, the JG apparatus adjacent to
the glomerulus is darkly stained, whereas the
tumor cells are less, but diffusely, stained. (A,
X125; B, X625)

Figure 3- Normal renal cortex adjacent to the
JG tumor. By immunohistochemical staining,
strongly renin-positive cells are apparent in the
JG apparataus adjacent to two glomeruli.
(X250)
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Figure 4-Wilms' tumor, Case 1. This tumor is
an admixture of glandular and stromal compo-
nents. Both have scattered, but more numer-
ous, renin-containing cells than the adjacent
normal renal cortex. The positive renin staining
appears spindled in shape along the longer axis
of the cytoplasm. (A, H&E, B, immunostained for
renin, X625)

Wilms' tumor originates primarily from the cells of
metanephritic blastema.16 Typically, Wilms' tumor
consists ofan admixture ofthree components, epithe-
lial, stromal, and blastematous,'6 although any of
these may be predominant. In five cases of Wilms'
tumors, only one case ofpredominantly blastematous
tumor revealed abundant renin-containing cells by
immunohistochemistry. The total renin concentra-
tion in the Wilms' tumor was about 2% that of the
adjacent kidney, whereas the inactive renin concen-

tration was higher than 50% of the total renin.
This situation is also probably true for renal onco-

cytomas and renal adenocarcinomas. Two ofthe lat-
ter tumors were studied for renin activity by radioim-
munoassay, revealing about 1-2% of the renin
activity ofthat found in the renal cortex, despite occa-

sional renin-containing cells seen in one case by im-

munohistochemistry. Lindrop et al reported that as

many as 40% of Wilms' tumors studied contained
renin as seen by immunohistochemistry,'7 which also
warrants further study by subclassifying Wilms'
tumors as to epithelial, stromal, and blastematous
differentiation with regard to renin production. The
presence ofrenin in renal oncocytomas and renal ade-
nocarcinomas also presents the question ofthe histo-
genesis of these tumors. Both tumors appear to arise
from proximal convoluted tubular cells.'6 The rea-

sonable speculation of histogenesis of renin-contain-
ing tumor cells is that the bulk oftumor cells differen-
tiate into tubular cells but also partially develop into
renin-containing cells as well either by 1) differentiat-
ing from metanephritic blastematous cells or 2) re-

verting into more pluripotent blastematous cells.
It is well known from the study ofothertumors that

A

B
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Figure 5- Oncocytic adenoma, Case 1. The
tumor consists of relatively uniform tubular pat-
tems with round nuclei and plump, eosinophilic,
and granular cytoplasm. There are scattered,
focally renin-positive tumor cell cytoplasms (*).
A, H&E, B, immunostained for renin, X625)

-j0J.V::...! 5,

..........~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~..

.~:

o:*

.1

elaboration ofpeptides, including renin, appears to be
a part of progressive cell differentiation in tumors. 18
Furthermore, JG cells were detected by electron mi-
croscopy in an angiomyolipoma,19 which supports
the nature of JG cells as "myoendocrine" cells with
features ofendocrine and smooth muscle cells.20 The
recently recognized atrial natriuretic peptide in the
heart also supports the conceptional presence of
"myoendocrine" cells.2'-23 JG cells are also present in
the extraglomerular mesangium, and they increase in
number under certain conditions such as adrenec-
tomy and renal artery constriction.20

Reninlike substances have been detected in extrar-
enal tissues, including salivary gland,24 brain,25 and
fetal membranes.26 In the latter case, renin is almost
entirely in the form of inactive renin. Inactive renin
was also found in a case ofhydatidiform mole.27 Thus,
there are also possibilities of renin (or inactive renin)

production by extrarenal tissue and its tumors.28 Al-
though once attributed to the nonspecific proteolytic
activity of cathepsin D,29 recent studies using specific
antirenin serum distinguished renin from other pro-
teolytic enzymes in various tissues.24126,29 The pres-
ence of renin in extrarenal tissue raises an intriguing
hypothesis that there exists a tissue renin-
angiotensin system which can locally regulate tissue
function in extrarenal tissue and its tumors.28 By im-
munohistochemistry, alveolar soft part sarcomas
were reported to contain renin3; however, renin ac-

tivity was not studied by radioimmunoassay. We have
also studied alveolar soft part sarcoma, which was

negative for renin with our antiserum. Antisera have
to be fully evaluated for any possible cross-reactivity
with other antigens prior to performing immunohis-
tochemical study. The confirmation of renin is not
sufficient by immunohistochemical study alone, but

A

B
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Figure 6-Cortical adenoma, Case 6. The tra- 7

becular, basophilic tumor cells are uniformly
negative for renin, in contrast to the stronglyA, .
positive JG cells adjacent to the glomerulus. (A, ~1.
H&E, B, immunostained for renin, X250) ,;, 4
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Table 2- Renin Activity of Tumor and Kidney
(mGoldblatt U/g tissue)

Case Active renin Inactive renin Total renin

A. JG tumor
1. Tumor 221,000 0 221,000

B. Wilms' tumor
1. Kidney 2710 0 2710

Tumor 23.6 24.4 48.0
C. Renal adenocarcinoma

3. Kidney 2708 0 2708
Tumor*-1 23.6 24.4 48.0

-2 3.9 20.3 24.2
5. Tumor 8.7 13.5 22.2

*Two portions of the same tumor were studied.

also requires the quantitative value of renin activity
by radioimmunoassay.
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