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EDITORIALS: CELL CYCLE FEATURES

Tuberin in renal cell hypertrophy
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Renal hypertrophy is an important
prognostic indicator of progression of
renal disease. Tubular cells, in particu-
lar those of the proximal tubule, are pri-
mary targets of hyperglycemia. Chronic
exposure of renal cells to high glucose
resulted in elevation of blood glucose and
contributed to the tubulointerstitial.! In
diabetes, the renal tubule is subject to
both direct and indirect insults. Renal
enlargement is one of the first structural
changes in diabetic nephropathy (DN)
due to the hypertrophy of existing glo-
merular and tubular cells, rather than to
cellular proliferation.? Increase in renal
size is predominantly due to proximal
tubular epithelial cell hypertrophy after
a decrease in nephron number that may
due to disease or surgical resection. The
initial tubular epithelial cell hypertrophy
is considered “compensatory” and “adap-
tive” hypertrophy.® In general, cell size
determined by a balance between new
protein accumulation and degradation of
existing proteins. The rate of deteriora-
tion of kidney function shows a strong
correlation with the degree of tubuloin-
terstitial fibrosis.

Tubular cells undergo hyperplasia or
hypertrophy through 2 totally different
growth responses. Several growth factors
acting in concert are involved in this pro-
liferative response of tubular cells. Each
renal cell type has a different constitutive
expression pattern of cell cycle proteins.
The role of each cell cycle protein is prob-
ably cell type-specific and also depends
on the form of injury, and, hence, its role
in renal disease is not always predict-
able. In contrast to the mitogenic growth

response of regenerating tubular cells,
cellular hypertrophy is not well under-
stood. Hypertrophic cells are arrested
in the G -phase of the cell cycle and
increase protein and RNA content, but
do normally not replicate their DNAJ
Such an enlargement of tubular cells
often occurs in more chronic situations
of renal damage, in which remnant neph-
rons adapt their function to the increas-
ing need. However, evidence exists that
hypertrophic tubules are finally joined
into the process of maladaptation of
renal function, leading to tubular atro-
phy, interstitial scarring, and progression
of renal disease.®

Tuberin (encodes by 7S5C2) trig-
gers mammalian cell size reduction,
and a dominant-negative 7SC2 mutant
induces increased cell size. In Drosophila,
tuberin deficiency causes an increase in
eye cell size.” Our recent study showed
that tuberin is a key molecule that plays
a major role in regulation of cell matrix
protein in diabetes.® In addition, tuberin
deficiency increases kidney size (27%) in
TSC2+~ rats® and (20%) in 75C*~ mice
(unpublished data) compared with wild-
type rats and mice.® Tuberin is a direct
substrate of Akt that involved in the
regulation of insulin signaling pathway,
which is a very important regulator of
cell cycle and cell size control. This path-
way includes also the FKBP12-rapamy-
cin-associated protein mTOR and affects
cell proliferation and cell size regulation.
In addition, protein synthesis and protein
degradation are coordinately regulated
by mTOR pathway that are influenced
by availability of nutrients and growth
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factors. Tubein blocks mTOR activity
and decreased cell size due to inhibition
of translation and decreased cell prolif-
eration in mammals. On the other hand,
deficiency in tuberin leads to activate of
mTOR through upregulate its 2 down-
stream effectors: S6K  (p70S6K) and
4EBP1 (eukaryotic initiation factor 4E-
binding protein 1), which are required for
biosynthesis of the cellular translational
apparatus, a critical component for cell
growth. Inhibition of mMTOR by rapamy-
cin resulted in decrease kidney size and
cell matrix protein accumulation in kid-
ney of tuberin-deficient mouse (unpub-
lished data). Although these alterations
in renal structure and size may occur and
are not specific only to the kidney, it may
reflect a consequence of long-standing
diabetes/hyperglycemia. The pathologi-
cal changes in glomerular and tubular
cells are strongly correlated with glyce-
mic control and occur independently of
progressive DN. In addition, renal failure
occurs in association with increase renal
hypertrophy that may reverse following
strict glycemic control for a few months.

In conclusion, the progressive decline
in renal function in diabetes is ultimately
due to the accumulation of extracel-
lular matrix proteins and increased in
cell hypertrophy, which may result from
decreased tuberin expression. Therefore,
understanding the mechanisms by which
tuberin/mTOR pathway regulates of cell
hypertrophy is the key to finding the
therapeutic target to prevent the progres-
sion of renal damage and speeding up
renal recovery after acute renal failure in
diabetic patients.
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