
&p.1:Abstract Alterations in the rat tuberous sclerosis gene
(Tsc2) are responsible for the hereditary renal carcino-
mas (RCs) of Eker rat. We examined protein distribution in
various normal rat tissues and the Eker RCs by immuno-
histochemistry. Tsc2 protein is expressed in the mamma-
ry ducts, salivary glands, gastric glands, parathyroid,
small and large intestine, ovary and uterus. Specific ex-
pression of Tsc2 protein is found in the B cells of pan-
creatic islets and in the smooth muscle of lung veins. In-
terestingly, in the RCs of Eker rat, Tsc2 protein was de-
tectable with some variation in reactivity.
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Introduction

The hereditary renal carcinoma (RC) of the rat originally
reported by Eker in 1954 is an excellent example of a
Mendelian dominantly inherited predisposition to a spe-
cific cancer in an experimental animal [1]. We and others
have demonstrated that the gene responsible for Eker rat
RCs is the rat homologue of the human tuberous sclerosis
2 (TSC2) gene [2–4]. Mutations in TSC2are the cause of
the tuberous sclerosis complex (TSC) characterized by
mental retardation and development of hamartomas in
multiple organs in man [5]. Bjornsson et al. have reported
that TSC-associated RCs have clinical, pathological, or
genetic features distinguishing them from sporadic RCs,
such as the younger age at tumour development and dif-
ferences in the immunoreactivity of HMB-45 [6]. Thus,

the Eker rat provides a valuable experimental model for
understanding the mechanisms of disease.

In the Eker rat, one of the Tsc2alleles is inactivated
genetically by insertion of a transposon-like sequence
(inherited mutation) [3, 4]. Successive stages in the de-
velopment of RCs have been observed, beginning with
isolated, phenotypically altered renal tubules (which be-
gin to appear at 2 months of age) [7], characterized by
partial or total replacement of the proximal tubular epi-
thelium by large, or weakly acidophilic cells with differ-
ent degrees of nuclear atypia, or by basophilic cells
(Fig. 7A). We have demonstrated the inactivation of the
wild-type Tsc2 allele in these early phenotypically al-
tered tubules [7] and provided evidence that two hits to
the Tsc2gene are the causative steps in renal carcinogen-
esis in the Eker rat, implying a tumour suppressor role
[8].

The TSC2/Tsc2gene product contains a short region
showing amino acid sequence homology to a GTPase-ac-
tivating protein for Rap1 (Rap 1 GAP) [5]. Wienecke et
al. reported that the human TSC2 protein has weak GAP
activity for Rap1a and co-localizes with Rap1 [9]. Xiao
et al. described interaction between rat Tsc2 protein and
rabaptin 5, suggesting a possible association of TSC2
protein with endocytosis [10]. We earlier reported the ex-
istence of two transcriptional activation domains (AD1
and AD2) in the carboxyl terminal of the rat Tsc2gene
product [11]. A zinc-finger-like region (our unpublished
data) and a potential src-homology 3 region (SH3) bind-
ing domain are also predicted [12]. And recently, a role
in the cell cycle has been indicated [13]. Although these
findings point to important functions of the Tsc2 protein
in vivo, the pathogenesis of Eker rat tumours and that of
the human tuberous sclerosis syndrome are not fully un-
derstood. Clarification of the distribution profile of Tsc2
protein under normal and pathological conditions is a ba-
sic requirement for our understanding of this, and this
has been achieved to some extent by Wienecke et al. us-
ing immunohistochemistry of human tissues affected by
tuberous sclerosis (TSC) [14]. Furthermore, the organ
distribution of mRNA of Tsc2has been assessed by in
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situ hybridization in some organs of man and rodent [15,
16]. However, the localization of the TSC2/Tsc2 protein
has not been reported in detail for other tissues. Further-
more, while loss of immunoreactivity to TSC2/Tsc2 anti-
body has been described for subependymal nodules and
angiomyolipomas in human TSC or subependymal tu-
mours in the Eker rat [17, 18], the distribution in associ-
ated RCs has received no attention. Therefore, the pres-
ent study focused on the tissue distribution of Tsc2 pro-
tein and expression in RCs.

Materials and methods

A rabbit antiserum against a synthetic peptide corresponding to
amino acid residues 1009–1025 of the Tsc2 protein, encoded by
exon 26, was raised by repeated injection of carrier albumin-con-
jugated antigen with a cysteine residue at the amino terminal for
coupling (CAQADDNLKNLHLELTET). This anti-peptide anti-
body (α-pep1) was affinity-purified by passage through EAH Se-
pharose 4B (Pharmacia) coupled with peptide antigen. Anti-hu-

man TSC2 carboxyl (C20) terminal peptide and its immunogen
peptide were also purchased from Santa Cruz Biotech.

Male and female F344 rats (12 weeks of age) were obtained
from Charles River Japan. The Eker rat was kindly provided by
Dr. Knudson (Fox Chase Cancer Center, Philadelphia) and main-
tained by crossing with the Long Evans strain in Cancer Institute,
Tokyo. Animals were anaesthetized with ether, and sacrificed. All
animal experiments were performed according to the principles of
laboratory animal care (NIH publication no. 85–23, revised 1985).
Portions of all major organs and tissues were fixed in 10% neutral
buffered formalin for 48 h and routinely processed. After embed-
ding in paraffin, they were sectioned at 3 µm.

For Western blotting analysis, tissue protein extracts of rat var-
ious organs and COS7 cells transfected with rat Tsc2gene cDNA
fragments [11] were extracted in sample buffer (10% glycerol,
2.3% SDS, 0.00625 M Tris-HCl pH 6.8, 5% β-mercaptoethanol)
and separated by 5% (rat tissue protein) or 10% (COS7 system)
polyacrylamide gel electrophoresis. The separated proteins were
blotted onto IPVH nylon membranes (Millipore). After blocking
with 1% skim milk in phosphate-buffered saline with 0.1% Tween
20 (PBST) overnight at 4°C, the membranes were reacted with α-
pep1, C20 at 1: 200 dilution in PBST for 1 h at room temperature.
They were then reacted with biotinated goat anti-rabbit IgG at
1:500 dilution for 1 h at room temperature. Signals were detected
with the ECL western blotting detection system (Amersham).
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Fig. 1A–C Results of western
blot analysis using anti-Tsc2
antibodies. A Western blot
analysis with α-pep1 of pro-
teins from COS7 cell express-
ing rat Tsc2 with (lane N) or
without (lane C) the pep1 ami-
no acid sequence. The arrow
indicates the Tsc2 band of the
predicted size (110 kDa). B
Western blot analysis with C20
of tissue proteins from brain
(lane 1), heart (lane 2), mam-
mary gland (lane 3), kidney
(lane 4), spinal cord (lane 5)
and ovary (lane 6). The arrow
indicates Tsc2 bands of the pre-
dicted size (180 kDa). C West-
ern blot analysis by preab-
sorbed C20 antibody. Signals
of Tsc2 generated in panel B in
180 kDa were absorbed. Non-
specific signals are indicated by
the asterisks. Lanesas in B &/fig.c:



For immunostaining, tissue sections were deparaffinized, pre-
heated in 10 mM citrate buffer (pH 6.0) in a microwave oven, and
pretreated with 3% H2O2 solution for 20 min. Blocking was per-
formed using 10% normal goat serum (NGS) /Tris-buffered saline
(TBS). Then, sections were incubated with α-pep1 or C20
(1/200–500 dilution in 10% NGS/TBS) overnight at 4°C or room
temperature respectively, and then with a 1: 300 dilution of bi-
otinated goat anti-rabbit IgG (Dako) in TBS for 1.5 h for pep1 or
overnight for C20. Sections were subsequently incubated with avi-
din and biotin–peroxidase complex (DAKO). Binding was demon-
strated using 3,3’-diaminobenzidine tetrahydrochloride (DAB,
Sigma) and H2O2 (0.03%) as the substrates, followed by counter-
staining with haematoxylin. For controls, sections were incubated
with primary antibodies preabsorbed with the relevant specific
peptides.

For identification of positive cell type in pancreatic islets, dou-
ble immunostaining was performed. After detection using α-pep1
as described above, sections of pancreas were incubated either
with a guinea pig polyclonal antibody against human insulin
(Dako), or a rabbit polyclonal antibody against human somatosta-
tin (Novocastra), or a rabbit polyclonal antibody against human
glucagon (Novocastra) for 1 h in room temperature. All of these
antibodies were diluted in 10% NGS/TBS at 1: 200. After primary
antibody reaction, fluorescein-iso-thiocyanate (FITC)-conjugated
rabbit anti-guinea pig or tetraethylrhodamine-isithio-cyanate
(TRITC)-conjugated swine anti-rabbit IgG (Dako) at 1:200 diluted
in 10% NGS/TBS was reacted for 1 h at room temperature. Sec-
tions were counterstained with haematoxylin. Samples were exam-
ined under a phase-contrast fluorescence microscope (Nikon).

Results

Initially, we performed western blot analysis to assess
the specificity of α-pep1 C20 antibodies. α-pep1 did not
work well for rat tissues or cell extracts, probably due to
the low titre. However, a clear band of the predicted size
(about 110 kDa) was detected in extracts of COS7 cells
transiently transfected with plasmids expressing the ami-
no terminal portion of the rat Tsc2 protein (Fig. 1A).
This band was not found with COS7 cells transiently ex-
pressing the carboxyl terminal half of the Tsc2 protein
(Fig. 1A). We also tested the cross-reactivity of commer-
cially obtained C20 antibody, which recognizes the car-
boxyl terminal 20 amino acid sequence of the human
TSC2 protein. The peptide sequence of the carboxyl ter-
minal of rat Tsc2 protein differs by three amino acids
within this 20-amino acid stretch. However, a band of rat
Tsc2 protein at 180 kDa was detected in several tissue
extracts, and COS7 cells bearing a full-length rat Tsc2
cDNA were deleted by Western blot analysis using C20
(Fig. 1B, and data not shown). We confirmed that the
band detected was absorbed when the primary antibody
was pretreated with specific peptide (Fig. 1C). Immuno-
histochemical staining demonstrated that most tissues
displayed common reactions for both α-pep1 and C20
(representative result is shown in Fig. 2A, B). Most im-
munoreactivity disappeared when the anti-peptide anti-
bodies were pretreated with each of the immunogenic
peptides (Fig. 2C, D).

Immunohistochemical analysis was performed using
α-pep1 and C20 for abdominal skin, adrenal glands,
brain, epididymis, eyeballs, harderian glands, heart, kid-
ney, large and small intestine, liver, lung, lymph nodes

343

Fig. 2A–D Immunostaining of Tsc2 in salivary gland with α-
pep1 and C20, and their absorbed antibodies. A The interlobular
and excretory ducts are positively stained in salivary glands by α-
pep1 (arrow). B The interlobular and extrary ducts are similarly
stained with C20 (arrow). C, D Immunostaining with preabsorbed
α-pep1 and C20 antibodies. Reduced staining is observed com-
pared with A and B. In all cases counterstaining was performed
with haematoxylin. Scale bar100 µm&/fig.c:



(mandibular), pancreas, parathyroid, pituitary gland,
skeletal muscle, spleen, stomach, tongue and urinary
bladder. The ovary and uterus in females, and the pros-
tate, seminal vesicles and testis in male rats were also
examined. Anti-Tsc2 antibodies revealed positive stain-
ing in various epithelial tissues, the nervous system and
muscle fibres. Positive signals were cytoplasmically lo-

calized in all tissues examined, with very little binding in
the nuclei, as confirmed by microscopic examination be-
fore counterstaining. There were no differences between
male and female rats in immunoreactivity for the same
tissues.

We previously reported that all Eker heterozygous
mutants developed renal RCs about 1 year after birth
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Fig. 3A–G Immunohistochemistry of Tsc2 in different rat organs
using α-pep1 (A, C, D, E, F) and C20 (B, G). A Strong staining is
apparent in the distal tubules (arrows) of the kidney. B Endometri-
al epithelial cells and glands show prominent staining (arrows) in
the uterus. C, D Distribution of positively stained cells (arrows) in
the spleen (C) and pituitary (D). We could not identify the cell
types that showed positive staining. E Diffuse staining of heart
muscle fibers. F Pyramidal neural cells in cerebral cortex (arrow)
are strongly stained. G Purkinje cells and large granular cells (ar-
row) are clearly positive in the cerebellum. In all cases counter-
staining was performed with haematoxylin. Scale bar100 µm&/fig.c:



[19]. In addition, leiomyomas/ leiomyosarcomas of the
uterus and pituitary adenomas and haemangiomas/haem-
angiosarcomas of the spleen are often encountered
[20–22]. First of all, we examined the distribution of
Tsc2 protein in these organs in normal rats. Diffuse
staining was observed in renal tubules throughout the
cortex of the normal kidney. Distal tubules were strongly
and proximal tubules, faintly stained (Fig. 3A). In the
medulla of the kidney, solid staining of the collecting tu-

bules was observed (data not shown). No staining was
detected in the renal blood vessels and glomeruli in this
study, whereas small blood vessels in kidney and many
other organs were reported to be immunoreactive with
anti-Tsc2 antibodies in man [14]. In the uterus, promi-
nent staining of the endometrial epithelial cells and
glands was detected (Fig. 3B). Although the smooth
muscle in the uterus was also reactive, the intensity was
fainter than for epithelial cells. In the spleen, dominant
staining was noted in the germinal centres and scattered
staining in the mantle zone, but none in the central or tra-
becular arteries (Fig. 3C). In the pituitary, some cells
showed solid staining in a diffuse background. We could
not identify the cell types that showed immunoreactivity
in the spleen and pituitary (Fig. 3D).

Human patients affected by TSC often develop
rhabdomyomas of the heart, angiomyolipomas of the
kidney, cortical tubers and subependymal nodules of the
brain with highly variable phenotypes [23]. Therefore,
we also examined the distribution of Tsc2 protein in the
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Fig. 4A–F Immunohistochemistry of Tsc2 in organs in which ab-
normalities have rarely reported in human TSC patients or the
Eker rat. All panels staining with α-pep1. A Ductal epithelial cells
of mammary ducts are strongly stained (arrow). B Diffuse immu-
noreactivity is apparent in fundic glands. C Parietal cells are
prominently stained in the pyloric glands (arrow). D Tsc2 protein
is diffusely distributed in the liver parenchyma but is negative in
the central veins and bile ducts. E Immunostaining of Tsc2 protein
in an ovary. F Surface absorptive epithelial cells and intestinal
glands show immunoreactivity in the small intestine. Scale bar
100 µm&/fig.c:
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Fig. 5A–D Immunostaining of Tsc2 protein with α-pep1 and
Elastica van Gieson staining (EVG) in rat lung. Serial sections
were used for comparison. A, C Staining features of Tsc2 protein
in rat lung. The immunoreactive vessel (black arrows) is further
from the bronchus than the nonreactive one (A arrowhead). Bron-
chial epithelial cells (A blue arrow) and alveolar macrophages (C

red arrow) display reactivity. The staining feature of alveolar mac-
rophage is shown at a higher magnification in the right lower col-
umn in C. B, D EVG staining in rat lung. The vein, containing
elastic fibres only in the inner layer is indicated by the black arrow
(B). The artery containing them throughout the vessel wall is indi-
cated by the arrowhead(B). Scale bar100 µm&/fig.c:



heart and brain of rats. In the heart, diffuse staining of all
muscle fibres could be detected (Fig. 3E). High expres-
sion of Tsc2mRNA in heart has also been found previ-
ously by northern blotting [4]. Tsc2 antibodies showed
reactivity in pyramidal neural cells in the cerebral cortex,
and also in glial cells of white matter to a lesser extent
(Fig. 3F). We could not observe any positive staining in
neural nuclei; nucleus ruber, substantia nigra and nucleus
nervi oculomotrii were all negative (data not shown). In
the cerebellum, prominent staining of Purkinje cells and
of large granular cells in the granular cell layer (Fig. 2G)
was detected. Small granule cells displayed a perinuclear
staining pattern. This distribution of Tsc2 protein in the
brain was similar to that detected earlier by immunohis-
tochemistry [14] or in situ hybridization for human
TSC2 expression [24].

Ductal epithelial cells of mammary glands were found
to be strongly positive (Fig. 4A), even in subcutaneous
fat where mammary glands were not mature, in 12 week-
old female rats. The existence of Tsc2 protein in mam-
mary tissue was confirmed by western blotting analysis
with C20 antibody (Fig. 1B). Intense staining was ob-
served in the interlobular and excretory ducts of the sali-
vary gland (Fig. 2A, B). In the gastric glands proper,
there was diffuse immunoreactivity in the fundic glands

(Fig. 4B), with more prominent staining of the parietal
cells and enterochromaffin cells (EC cell) of the pyloric
glands in the stomach (Fig. 4C).

In the lung, bronchial epithelium and alveolar macro-
phages showed positive staining (Fig. 5A, C). In ad-
dition, some, but not all, blood vessels showed immuno-
reactivity (Fig. 5A). Those more distant from the bron-
chus demonstrated stronger staining. Elastica van Gie-
son (EVG) staining of serial sections (Fig. 5B, D) dem-
onstrated that blood vessels containing elastic fibres on-
ly in the inner layer were immunoreactive, while these
with elastic fibers throughout their walls were not. Thus,
veins, and but not arteries, appeared to be immunoreac-
tive. Furthermore, the immunoreactive tissue in the lung
vein was seen to stain yellow ochre in EVG staining
(Fig. 5D). From the staining features of the EVG sec-
tion and the morphology in haematoxylin and eosin-
stained section (data not shown), we suspected the im-
munoreactive tissue in lung vein might be the smooth
muscle.

In the pancreas, prominent staining of pancreatic is-
lets was detected (Fig. 6 B, E, H). Double immunostain-
ing for insulin, glucagon or somatostatin allowed identi-
fication of the type of positive cells (Fig. 6). Almost all
immunoreactive cells with α-pep1 were also reactive
with the insulin antibody (Fig. 6A and C). In contrast,
cells that were immunoreactive against somatostatin or
glucagon antibodies showed no reactivity with α-pep1
(Fig. 6 D–I). We conclude that the B cells of pancreatic
islet express the Tsc2 protein in rats.

Table 1 summarizes the results for Tsc2 distribution
in organs and tissues that showed immunoreactivity. Im-
munostaining features of the ovary, liver and small intes-
tine are also illustrated in Fig. 4D–F.
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Table 1 Summary of immunoreactive organs and tissues in rats&/tbl.c:&tbl.b:

Organs Tissues and cells demonstrating positive staining with Tsc2 antibodies

Adrenals Strongly positive cells within areas of diffuse staining in the medullaa

Brain (cerebral cortex) Dominant staining in pyramidal neural cells in diffuse backgrounds
Brain (cerebellum) Purkinje cells and large granular cells
Kidney Faint staining in proximal tubules and strong staining in distal or collecting tubules
Heart Muscle fibres
Lung Bronchial epithelium, alveolar macrophages, smooth muscle of vein
Liver Hepatocytes (no staining of bile ducts or blood vessels)
Mammary glands Ductal epithelial cells of mammary ducts
Mandibular lymph node Postcapillary venules of the marginal sinus
Ovary Oocytes, follicular epithelial cells of stratum granulosum, ovarian cumulus, theca interna and corpus luteum
Pancreas B cells in pancreatic islets
Parathyroid Chromophobic cells
Pituitary Some cells showed solid staining in diffuse backgroundsa

Retina Rods and cones, inner granular layer, layer of nerve fibres and ganglion cells
Salivary glands Interlobular and excretory ducts
Seminal epididymis Epithelial cells in the ducts of epididymis and seminal ducts
Skeletal muscle Muscle fibres
Small and large intestine Surface absorptive epithelial cells, goblet cells and intestinal glands
Spleen Scattered stained cell in the germinal centre and mantle zonea

Stomach Diffuse staining in gastric proper glands and prominant staining in enterochromaffin cells
Testis All spermatocytes regardless of the stage of spermatogenesis
Tongue, abdominal skin Muscle fibres
Uterus Endometrial epithelial cells and glands, muscle fibres

a The immunoreactive cells could not be identified in this study&/tbl.b:

Fig. 6A–I Identification of Tsc2-immunoreactive cells in pancre-
atic islet. A, D, G Fluorescent immunostaining of insulin (A), glu-
cagon (D) and somatostatin (G). White arrowsindicate immunore-
active cells. B, E, H Immunostaining using α-pep1. Black arrows
indicate α-pep1-immunoreactive cells. C, F, I Double immuno-
staining for α-pep1 and insulin (C), glucagon (F) and somatostatin
(I ). There is good agreement only in the case of insulin C. Scale
bar 50 µm&/fig.c:

▲



Results for immunoreactivity of spontaneous RCs and
preneoplastic tissues in Eker rats using α-pep1 and C20
antibodies in serial sections are illustrated in Fig. 7. Scat-
tered staining of some RC cells was observed with α-
pep1, this being strong in some cases (Fig. 7B; black ar-
row). Most phenotypically altered tubules demonstrated
reactivity with both antibodies. However, some RCs re-
acted with α-pep1 but not C20 (Fig. 7 E, F). Two histo-
pathological types of RCs, compact and tubular, can be
distinguished in Eker rats, on haematoxylin-eosin stain-
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Fig. 7 Immunostaining of Tsc2 protein in regenerative tubules
and tumors in Eker rats. Serial sections were used to allow exact
comparison. A, B, C Immunostaining pattern and morphology of a
Eker altered tubule showing immunoreactivity with both antibod-
ies. D, E, F Immunostaining and morphology of a Eker renal tu-
mor showing different reaction patterns with α-pep1 (E) and C20
(F). G, H, I Spontaneously developing regenerative tubules (ar-
row) in an Eker rat with spontaneous chronic nephritis. Scale bar
100 µm&/fig.c:



ing. However, there was no apparent relation between the
histological type and the Tsc2 staining pattern.

In rats with spontaneous chronic nephritis, regenera-
tive tubules are often observed. Such regenerative tu-
bules were highly immunoreactive to Tsc2 antibodies
(Fig. 7G–I).

Discussion

The present study, using two independently prepared an-
tibodies, α-pep1 and C20, demonstrated the existence of
Tsc2 protein in various organs and tissues in which ab-
normalities have rarely been observed in human TSC or
the Eker rat. In kidney, higher expression of Tsc2 protein
was detected in distal tubules than in proximal tubules.
We suspect that most RCs in the Eker rat originate from
proximal tubules [19]. Therefore, we concluded that the
organs and tissues that express Tsc2 protein strongly are
not at high risk of tumour development in man or the
Eker rat. However, there is a possibility that cells change
their production of Tsc2 protein depending on the cir-
cumstances. Thus, we detected strong expression in re-
generative tubules in animals after spontaneous nephritis
(Fig. 7G–I).

In contrast to Wienecke et al. who reported intense
staining of small blood vessels in many organs, including
the kidney, skin, and adrenal glands in man [14], we
could not detect any staining of small blood vessels in the
kidney or adrenal glands in the rat. They proposed that
loss of function of TSC2 protein in small blood vessels
might be a cause of highly vascular tumours in human
TSC patients. Although this difference in immunoreactiv-
ity of small blood vessels might be due to species speci-
ficity, we also failed detect TSC2 protein in small blood
vessels of human kidney, salivary glands, brain, adrenal
glands and pancreas with the two antibodies used in the
present study (Yasui et al. manuscript in preparation).
Since the C20 antibody was also applied by Wienecke et
al. additional studies are needed to clarify this anomaly.

We have demonstrated that B cells in rat pancreatic
islets express Tsc2 protein. Recently Kim et al. reported
that human TSC patients occasionally develop insulino-
mas [25]. Whether loss of function of Tsc2 protein in B
cells might be causally involved deserves consideration.

In addition to the pancreatic islets, veins, but not arte-
ries, showed staining in rat lung. The staining was also
observed in postcapillary venules in lymph nodes. Al-
though pathological abnormalities of Eker rat lung and
lymph node have not been reported, human TSC patients
are reported to develop the lymphangiomyomatosis
(LAM) that consists of proliferated immature smooth
muscle in lung tissue and proliferation of endothelial cell
at lymphatic wall in lymph nodes [26]. The distribution
of Tsc2 protein in rat lung and lymph node should be
noted in consideration of the pathogenesis of LAM in
human TSC patients.

In fact, Tsc2 protein was detected in many exocrine
and endocrine organs. Although we still do not know the

real function of TSC2/Tsc2 protein in vivo, the distribu-
tion found suggests a possible role in protein production
for export. In a previous study in vitro, localization of
TSC2 protein in Golgi apparatus was found by Wienecke
et al. (1997) [9]. In another report, an association with
rabaptin-5 that binds to the active form of Rab5 GTPase
was reported [10]. Rab5 GTPase is a critical component
of the docking and fusion process of the endocytic path-
way. Since exocrine and endocrine cells contain well-de-
veloped Golgi apparatuses, a role of Tsc2 protein in se-
cretory vesicle formation is conceivable. However, in
view of the existence of various secretory tissues that do
not express Tsc2 protein, such as prostate and acinous
tissue of pancreas, its contribution must be specific rath-
er than general in nature.

Loss of TSC2 protein in cortical tubers and angio-
myolipomas has been observed in human TSC patients
[17, 27]. In addition, loss of Tsc2 protein in Eker rat sub-
ependymal hamartomas appears typical [18]. However,
Eker rat RCs showed reactivity to Tsc2 antibodies on im-
munohistochemistry, and a similar situation clearly does
not exist for renal carcinogenesis. Thus, loss of immuno-
reactivity is not necessary for renal carcinogenesis in the
Eker rat. However, the lack of complete consistency of
results with the two antibodies might suggest an altera-
tion in the protein. Differences in inactivation (2nd hit)
of the wild-type Tsc2 allele would explain our results
[28]. Deletion of the wild-type allele would be expected
to cause loss of immunoreactivity, but missense muta-
tions that cause amino acid substitutions would have
more subtle effects, and some have no influence on im-
munoreactivity. We earlier demonstrated that the Eker in-
sertion creates abnormal Tsc2mRNAs and a premature
translational termination lacking the carboxyl-terminal
portion of the product [3, 29]. Although the existence of
truncated Tsc2 protein could not been confirmed by
western blot analysis owing to the scarcity of samples, if
such proteins lacking the carboxyl-terminal portion of
Tsc2 protein actually exist, this might be why some RCs
are immunoreactive to α-pep1, but not to C20.

Clarification of the exact reasons for variation in Tsc2
immunoreactivity in the Eker rat RCs may provide clues
to their pathogenesis.
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