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Control of Apoptosis and Growth Factor’s
Signal in Glomerulonephritis

Dong-Chan Jin, M.D. and Hanna E. Abboud, M.D.
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Recently a great advance of intracellular sig-
nal study is accomplished with molecular bio-
logic techniques. We are studying on intracel-
lular signal mechanism of kidney diseases, es-
pecially, apoptosis in early stage of experi-
mental glomerulonephritis and growth factors
signal in late stage.

RATIONALE AND LIMITATION OF
INTRACELLULAR SIGNAL STUDY

Current systemic immunosuppressive thera-
pies, 1l.e. steroid therapy or cytotoxic agents,
are associated with serious complications. Dur-
ing late decades there are numerous studies on
multiple inflammatory or growth mediators, but
those cytokines make too complicated network
or are involved in too many biological respon-
ses of cells especially in vivo. To accomplish
more specific control of the biologic responses,
our study is focused on intracellular signal
pathways. Distal signaling pathways may me-
diate specific cellular responses and certain
signaling proteins may represent fundamental
regulators of biologic response. But some limi-
tation already exposed in this approach. There
is redundancy of intracellular signal transduc-
tion pathways and heterogeneity of cellular le-
sions in experimental and human renal disea-
ses. Moreover, the interruption of some signals
are vital for function or survival of normal

cells.

METHODS
1. Materials

Cell culture materials were purchased from
Gibco (Grand Island, NY, USA). PDGF BB
was obtained from Amgen (Thousand Oaks,
CA, USA). PDGF receptor beta antibody was
purchased from Upstate Biotechnology Inc.
(Lake Placid, NY, USA) Protein A sepharose
CL 4B was from Amersham Pharmacia
(Piscataway, NJ, USA). All other reagents
were of analytical grade.

2. Cell Culture

Isolation and characterization of normal rat
or human mesangial cell were done as routine
manner. Rat mesangial cells were grown in
RPMI 1640 with 17% fetal calf serum and
human mesangial cell were grown in DMEM
also with 17% fetal calf serum. The passage
numbers of rat mesangial cells were 17 to 35
and those of human mesangial cells were 8 to
15.

3. Cell proliferation assay

DNA synthesis in response to PDGF was
measured as the amount of [methyl-*H]-thy-
midine incorporated into trichloroacetic acid
(TCA) precipitatable material. Cells were plated
in 24-well dishes at a density of 5x10* cells/

well and incubated with complete medium until
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they become confluent. Quiescence was made
with 48 hours serum free period, then stimul-
ated for 20 hours by growth factors with/
without inhibitors and pulsed for 4 hours with
10 #Ci/m! [P*Hl-thymidine. At the end of puls-
ing period, medium was carefully aspirated,
ice~cold 5% TCA was added, and dishes were
kept on ice for 5 min. After two additional
washes with 5% TCA, cells were solubilized in
025 N NaOH-0.1% Sodium dodesy! sulfate sol-
ution. The incorporated radioactivity was mea-
sured with beta scintillation counter.

4. Anti- Thy 1 GN

Female Lewis rats weighing about 200 g
were used for anti-Thyl glomeruloneprhitis
model. Anti-Thy 1 antibody (OX-7) was pur-
(Canada).
The antibody was injected intravenously th-
rough tail vein at the dose of 250 (g/200 g of
rat body weight. For apoptosis of early stage
to GN study, the kidneys were harvested at 90
min after antibody injection. For tyrosine kina-
se inhibitor study, the PDGFR inhibitors (SU-
6663:3 mg/200 g, SU9869:4 mg/200 g rat
body weight) were injected at days 3, 5, 7, 9,

chased from Cedarlane laboratory

intraperitoneally and the kidney tissue was
obtained by surgically open biopsy or sacrifice
at days 5, 7, 9, 14. For detection of pro-
liferating cell, BrdU solution (5 mg/dl) was in-
jected intraperitoneally 2 hours before biopsy or
sacrifice. The tissues were snap frozen with
liquid nitrogen or fixed in 10% phosphate bu-
ffered formalin for paraffin embedding or pro-
ceeded immediately to glomerular preparation
with conventional sieving method.

5. PDGF receptor inhibitors

PDGF receptor tyrosine kinase inhibitors,
SU6663 and SU9869, were developed at SU-
GEN (CA, USA). Molecular weight of SU6663
is 296, and SU9869 is 402. Both drugs were

dissolved in dimethyl sulfoxide (DMSO).

6. Caspase Activity Assay & Caspase
Inhibitors

ICE and Cpp32 activities in whole kidney
tissue or prepared glomeruli were measured as
described before (Nicholson et al.). Briefly, the
kidney was homogenized glass homogenize tu-
be and Teflon pestule in lysis buffer on ice
slush. The lysis buffer contained 10 mM HE-
PES/KOH (pH 74, Gibco GBL), 2 mM EDTA,
0.1% CHAPS, 5mM dithiothreitol, 1 mM phe-
nylmethyl-sulphonylfluoride (PMSF), 10 mg/ml
pepstatin A, 20 mg/ml leupeptin, 10 mg/ml
aprotinin (all above from Sigma). The lysate
were centrifuged at 25,000 g for 10 min and
the supernatant was incubated for one hour at
37C with 10 nmole of substrate (ICE substrate:
Ac-YVAD-AMC, Cpp32 substrate : Ac-DEVD-
AMC, Alexis corporation Inc.). Substrate clea-
vage was measured with spectrofluorometer
(FluoroskanIl) and were corrected as protein
content in lysate (Bradford et al). ICE inhi-
bitors (Ac~-Tyr-Val-Ala-Asp~CHO: Ac-YVAD-
CHO or Z-Val-Ala-Asp-(OMe)-fluoromethyl-
ketone : Z-VAD-(OMe)-FMK) and Cpp32 inhi-
bitors (Ac-Asp-Glu-Val-Asp~CHO : Ac-DEVD-CHO)
or Z-Asp-Glu-Val-Asp-(Ome)-fluoromethylke-
tone : Z-DEVD-(Ome)-FMK) were

apoptosis

used for
inhibition in glomerulonephritis in

vitro and in vivo.
7. PDGF Receptor tyrosine kinase assay

PDGF receptor tyrosine kinase activity was
measured directly on the immunobeads as des-
cribed previously. Briefly, the cells or harvested
kidney glomeruli were lysed in radio-immu-
noprecipitation assay (RIPA) buffer (20 mM
Tris~HCI, pH 7.5, 150 mM NaCl, 5 mM EDTA,
ImM NazVO, 1% NP40, 1 mM PMSF and
0.1% aprotinin) at 4C for 30 min. Cleared

lysate was prepared by centrifugation. Protein
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amount was estimated in the cleared super-
natant, and equal amount of lysate protein was
incubated with the PDGFR B -antibody on ice
for 30 minutes. Protein A sepharose beads
were added and the tubes were rotated at 4T
for two hours. The beads were washed twice
with RIPA buffer, twice with washing buffer
(50 mM Tris-HCI pH 7.4, 1 mM NasVQs) and
finally resuspended in 2X reaction buffer. The
autophosphorylation reaction was performed
with [7-"P] ATP at 30C for 15 min. The
reaction was stopped by cold RIPA buffer, and
the beads

washing buffer. Boiled immunoprecipitates were

were washed twice again with

separated on 7.5% SDS-polyacrylamide gel.
8. PI 3 Kinase assay

The lysate of cell or glomeruli was prepared
as above tyrosine kinase assay. The immu-
nobeads were resuspended with PI 3 Kinase
assay buffer (20 mM Tris-HCl pH 75, 0.1 M
NaCl, and 0.5 mM ethylene glycol-bis (8 -ami-
noethyl ether)-N, N, N’, N'-tetraacetic acid),
0.5 u¢l of phosphatidylinositol was added and
incubated at 25C for 10 min. One microliter of
1 M MgCl and 10 «Ci of [7-"P] ATP were
added simultaneously to the reaction mixture
and incubated at 25C for another 10 minutes.
A mixture of chloroform-methanol and 11.6 N
HCl (150 ul, at a ratio of 50:100:1) was
added to stop the reaction. The reaction was
then extracted with 100 x] of chloroform. The
organic layer is washed with 80 #1 of me-
thanol and 1 N HCI (1:1). The reaction pro-
duct was dried under a stream of nitrogen and
resuspended in 10 gl of chloroform, separated
by thin-layer chromatography, and developed
with CHClymethanol/28% NH4OH/H,0 (129:114:
15:21). The spots are visualized by autora-
diography.

9. Immunohistochemical stain

Formalin fixed-paraffin embedded tissue sec-
tions were stained with hematoxylin and eosin.
Frozen tissues were stored at -70°C until use.
4 pm tissue cut was used for immuno-his-
tochemical stain for Fas, FADD, Bax, Bcl-2,
ICE, Cpp32 (Santa Cruz biotech, CA, USA),
mitogen activated protein kinase (MAPK :Ex-
tracellular regulate kinase; ERK1, Santa Cruz
biotech, CA, USA), monocyte-macrophage (ED
1, from DAKO, UK) and PDGFR (Upstate
NY, USA).
proliferating cells, incorporated BrdU staining
was performed with anti-BrdU antibody (Boe-
hringer Mannheim, Germany) after tissue per-

Biotech Inc., For detection of

meabilization with triton-X. The primary anti-
body binding was visualized with avidin-biotin
immunoperoxidase method and/or alkaline pho-
sphatase (APAAP) technique. For quantitative
analysis of total glomeular cells, the numbers
of nuclei in 20 randomly selected mid-cut glo-
meruli in each tissue section were counted by
two independent personnel.

RESULT ABSTRACTS

1. Apoptosis Regulatory Proteins In
Immunecomplex—Mediated glomerulo-
nephritis In The Rat : Role Of
Complement

Yi Chun Xu, Dong Chan Jin, Maria Bu-
negin, and Hanna E.Abboud. Department of
Medicine, The
Science Center and South Texas Veterans
Health Care System, Audie L. Murphy Divi-
sion, San Antonio, TX, 78284-7882.

Immunecomplex-mediated diseases results in

University of Texas. Health

cell injury that ranges from mild membrane
perturbation to apoptosis and cellular necrosis.
Anti Thy 1 antibody when injected into rats
induces glomerular cell injury followed by cell

proliferation. We investigated the expression of
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proteins known to regulate apoptosis by immu-
nohistochemistry in rats with anti-Thyl neph-
ritis. Rats develop mesangiolysis within 24
hours after the injection, modest cellular repo-
pulation at day 3 with prominent hyperce-
llularity at day 7 which subsides by day 14
and day 28. Within 90 minutes after the in-
jection of anti-Thyl antibody, approximately
10% of glomerular cells show apoptosis by
TUNEL technique. Glomerular expression of
proapoptotic proteins interleukin converting en-
zyme (ICE), Cpp32, Bax and FADD is incre-
ased. The expression of Bcl-2, a protein that
protects against apoptosis is also increased.
Double immuno-histochemical staining utilizing
ED1 as monocyte/macrophage marker indicate
that the expression of these proteins is pre-
dominantly by intrinsic glomerular cells. Very
few (<2%) apoptotic cells are observed at day
7, 14, and 28. Complement depletion by intra-
peritoneal administration of cobra venom factor
abolishes the expression of apoptosis regulatory
proteins, as well as apoptotic cells by TUNEL
technique. Macrophage infiltration does not
change.

These data indicate a biphasic role of apo-
ptosis in glomerular injury. An early phase
that may contribute to cell injury and hypo-
cellularity and a late phase that contributes to
resolution of proliferative glomerulonephritis.
Moreover, complement activation in this model
may lead not only to cell lysis but also to
apoptosis.

2. Blockade of PDGF Receptor
Intracellular Signal Ameliorates
Mesangial Proliferation in Immune
Mediated Glomerulonephritis.

D-C Jin, G.G. Choudhury and H.E. Abboud
The University of Texas Health Science Cen-
ter at San Antonio, San Antonio, Texas, USA

In mesangial proliferative nephritis, platelet-
derived growth factor (PDGF) is known as one

of the strongest mitogen and migration stimul-
ator after glomerular injury. PDGF exerts its
effects on cells via binding to structurally si-
milar a- and B- tyrosine Kkinase receptors.
Recently, a new class of protein tyrosine Kki-
nase inhibitors was identified that is based on
and oxindole core (indolinones). To explore the
effect of PDGF receptor signal blockade on the
mesangial cell over-proliferation, we applied
PDGF receptor specific tyrosine kinase inhibitor
to cultured mesangial cells and anti-Thyl glo-
merulonephritis. PDGF receptor tyrosine kinase
inhibitors, SU6663 and SU9869, were admini-
strated to cultured rat and human mesangial
cells and anti- Thy 1 glomerulonephritis rat. In
vitro, PDGF-induced tyrosine autophosphoryla-
tion of PDGF receptor and PI 3 kinase activity
was measured with immuno-precipitation me-
thod, and DNA synthesis also measured by
tritium thymidine incorporation. In vivo, anti-~
Thy 1 glomerulonephritis was induced by OX-
7 antibody and mesangial cell proliferation was
evaluated histologically. The both PDGF recep-
tor inhibitors block the PDGF stimulated auto-
phosphorylation of PDGF receptor beta and PI
3 kinase activity of the cultured rat and human
mesangial cells as dose-dependent manner.
PDGF induced DNA synthesis also completely
blocked at the dose of 0.1 #M. Over prolifera-
tion of mesangial cells (total glomerular cell
count on day 9) in anti-Thyl glomerulo-
nephritis decreased 33.3% to 184% by the
thrice injections of inhibitor (SU6663, 3 mg/200
g of rat body weight). Proliferating cell count
(BrdU incorporated cell) also decreased 3.55 to
2.90 per glomerulus on day 7. PDGF receptor
tyrosine kinase inhibition can block intracellular
signal of PDGF for DNA synthesis in cultured
mesangial cells and can ameliorate the over
proliferation of glomerular cells in immune me-
diated mesangial proliferatiev glomeruloneph-

ritis.

-S 394 -



REFERENCES
Apoptosis

1) Nicholson DW, Ali A, Thornberry NA et al.:
Identification and inhibition of the ICE/CED-3
protease necessary for mammalian apoptosis.
Nature 376:37-43, 1995

2) Moretta A :Molecular mechanisms in cell-medi-
ated cytotoxicity. Cell 90:13~18, 1997

3) Raff M:Cell suicide for beginners. Nature 396:
119-122, 1998

4) Ashkenazi A, Dixit VM :Death receptors: Sig-
naling and modulation. Science 281:1305-1308,
1998

5) Green DR, Reed JC:Mitochondria and apoptosis.
Science 281:1309-1312, 1998

6) Thormnberry NA, Lazebnik Y : Caspases : Enemies
within. Science 281:1312-1316, 1998

7) Evan G, Littlewood T : A matter of life and cell
death. Science 281:1317-1321, 1998

8) Adams JM, Cory S:The bcl-2 protein family :
Arbiters of cell survival. Science 281:1322-1326,
1998

Anti-Thyl GN

9) Bagchus WM, Hoedemaeker PH, Rozing ], Bak-
ker WW : Glomerulonephritis induced by mono-
clonal anti-Thy 1.1 antibodies. Lab Invest 55:
680-687,1986

Intracellular signal and PDFG

10) Heldin C-H: Simultaneous induction of stimula-
tory and inhibitory signal by PDGF. FEBS lett
410:17-21, 1997

11) Mohammadi M, McMahon G, Sun L, Tang C,
Hirth P, Yeh BK, Hubbard SR, Schlessinger J:
Structures of the tyrosine kinase domain of

fibroblast growth factor receptor in complex with
inhibitors. Science 276:955-960, 1997

12) Ghosh Choudhury G, Marra F, Kiyomoto H,
Abboud HE :PDGF stimulates tyrosine phospho-
rylation of JAK 1 protein tyrosine kinase in
human mesangial cells. Kidney Int 49:19-25,
1996

13) Ghosh Choudhury G, Karamitsos C, Hernandez J,
Gentilini A, Bardgette J, Abboud HE : PI-3-kina-
se and MAPK regulate mesangial cell prolifera-
tion and migration in response to PDGF. Am J
Physiol 273:F931-F938, 1997

PDGF & glomerulonephritis

14) Abboud HE:Growth factors in glomerulone-
phritis. Kidney Int 43:252-267, 1993

15) Gesualdo L, Pinzani M, Floriano JJ, Hassan MO,
Nagy NU, Schena FP, Emancipator SN, Abboud
HE : Platelet-derived growth factor expression in
mesangial proliferative glomerulonephritis. Lab
ITnvest 65:160-167,1991

16) Abboud HE : Platelet-derived growth factor and
mesangial cells. Kidney Int 41:581-583, 1992

17) Abboud HE : Growth factors and the mesangium.
J Am Soc Nephrol 2:5185-5189, 1992

18) Johnson RJ, Floege J, Couser WG, Alpers CE:
Role of platelet-derived growth factor in glome-
rular disease. J Am Soc Nephrol 4:119-128, 1993

19) Abboud HE:Role of platelet-derived growth
factor in renal injury. Annu Rev Physiol 5T:
297-309, 1995

20) Abboud HE, Poptic E, DiCorleto P: Production of
PDGFlike protein by rat mesangial cell in cul-
ture. J Clin Invest 80:675-683, 1987

21) lida H, Seifert R, Alpers CE, Gronwald RG,
Phillips PE, Pritzl P, Gordon K, Gown AM, Ross
R, Bowen-Pope DF : Platelet-derived growth fac-
tor(PDGF) and PDGF receptor are induced in
mesangial proliferative nephritis in the rat. Proc
Natl Acad Sci U S A 88:6560-6564, 1991

-5 39 -



