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Abstract In this study, the kinetics of glomerular endo- 
thelial cells during the repair process following glomeru- 
lar injury was investigated in a model of mesangial pro- 
liferative glomerulonephritis induced by Habu-snake 
venom (HSV) in rats. Intravenous injection of HSV led 
to a cystic ballooning type lesion at day 1. Subsequently 
a marked segmental proliferative lesion was observed in 
the cystic areas at day 5. Thereafter cellularity decreased 
and reconstruction of the glomerular tuft was gradually 
observed with time. The histological structure of the glo- 
meruli had almost returned to normal 21 days following 
HSV injection. After prominent depletion at day 1, the 
number of endothelial cells increased rapidly and 
reached a plateau at day 7, not significantly different 
from that of the control group. Morphologically endothe- 
lial cell elongation from the vascular pole into the cystic 
lesion was seen together with premature capillary forma- 
tion in the proliferative lesion. Accompanying the reduc- 
tion of mesangial expansion, the endothelial cells gradu- 
ally formed definite capillary lumens. We conclude that 
the mesangial proliferative glomerulonephritis induced 
by HSV recovers to its original structural state and that 
the migration and proliferation of endothelial cells with 
accompanying capillary formation are essential for the 
repair process, in addition to mesangial cell proliferation. 

Key words Glomerular endothelial cells - Mesangial 
proliferative glomerulonephritis • Habu-snake venom • 
Tissue repair • Endothelial regeneration 

Introduction 

Recovery from proliferative glomerulonephritis has been 
seen in experimental and human glomerulonephritis. In 
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proliferative glomerulonephritis, proliferation of glomer- 
ular mesangial cells is a central feature that results not 
only in glomerular hypercellularity but also in accumula- 
tion of extracellular matrix [21]. Recent papers have par- 
tially clarified the repair mechanism following glomeru- 
lar injury, namely that mesangial hypercellularity is re- 
duced by apoptosis [2, 32] and that accumulated extra- 
cellular matrix is remodelled by 72 kDa type IV collage- 
nase [23]. In vitro studies have demonstrated that endo- 
thelial cells and their products might modulate mesangial 
proliferation [7, 15, 29]. However the precise mecha- 
nisms that lead to repair after glomerular injury remain 
to be clarified. 

In general, the endothelial cell is thought to play a 
crucial role in wound healing [20]. Morphological stud- 
ies of repair processes after tissue injury have shown that 
the essential basic events are the proliferation and migra- 
tion of endothelial cells leading to vascular formation 
and anastmosis of newly formed vessels [14, 28, 36]. In 
this connection, attention is directed to the hypothesis 
that the migration and proliferation of glomerular endo- 
thelial cells may participate in the repair processes after 
glomerular injury. However little information is available 
on the kinetics and the role of glomerular endothelial 
cells in such repair processes. 

In this study we have focused on the kinetics of the 
glomerular endothelial cell in repair processes using the 
well-established model of mesangial proliferative glo- 
merulonephritis induced by Habu-snake venom (HSV). 
This model is characterized by rapid recovery back to its 
original structure [26]. 

Materials and methods 

Male Sprague-Dawley rats were used (Saitatna Experimental Ani- 
mal Supply, Saitama, Japan) weighing 180-200 g and were held at 
constant room temperature with free access to standard rat chow 
and water. 

Lyophilized venom from Habu pit viper, Trimeresurus flavo- 
viridis (Wako Pure Chemical industries, Osaka, Japan) was dis- 
solved in saline and injected into rats at a dose of 0.3 mg per 100 g 
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Fig. l a - f  Periodic acid methenamine silver stained tissue ob- 
tained at days 1 (a), 3 (b), 5 (e), 14 (d), 21 (e), and 42 (f) after Ha- 
bu-snake venom (HSV) injection. At day 1 (a), glomerular lesion 
is characterized by segmental ballooning of glomeruli, the cystic 
lesion, filled with erythrocytes, neutrophils, platelets and fibrin. At 
day 3 (b), the cystic lesion reveals initial proliferative changes. At 
day 5 (c), lesions are filled with numerous mononuclear cells and 
slit-like spaces (arrow) are seen within the lesion. At day 14 (d), 
proliferative changes are reduced with definite formation of capil- 
lary lumina (arrow) and after 21 days, the glomeruli almost recov- 
er their normal structure (e, f). x400 

body weight via the tail vein. Control rats were given saline. Ex- 
perimental and control rats were killed after an intraperitoneal in- 
jection of sodium pentobarbital (30 mg/kg) at 1, 2, 3, 4, 5, 6, 7, 14, 
21 and 42 days after application of HSV or saline. Each experi- 
mental and control group consisted of two rats. 

The tissue blocks were fixed in 20% formalin and embedded in 
paraffin for light microscopic examination. The deparaffinized 
sections were stained with haematoxylin and eosin (HE), periodic 
acid Schiff (PAS) and periodic acid methenamine silver (PAM) 
stains for light microscopic examination. For electron microscopic 
study, small blocks were fixed in 2.5% glutaraldehyde solution in 
phosphate buffer (pH 7.4), post-fixed with 1% osmium tetroxide 
in phosphate buffer, dehydrated, and then embedded in Epon 812 
mixture. Ultrathin sections were stained with uranyl acetate and 
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lead citrate, and examined in a Hitachi H-7100 electron micro- 
scope. 

Tissue blocks for immunohistochemical studies were fixed in 
20% formalin and embedded in paraffin. After deparaffinization, 
the specimens were stained by the indirect immunoperoxidase 
technique following Hsu et al. [17]. Primary antibodies included a 
polyclonal rabbit anti-rat thrombomodulin (TM) antibody [16] 
(provided by Dr. D. Stern) diluted 1:400, which reacted with the 
surface of endothelial cells, a ,ur ine monoclonal anti o~-smooth 
muscle actin antibody (SMA) diluted 1:500 (Dako, Glostrup, Den- 
mark), and a murine monoclonal antibody against rat proliferating 
cell nuclear antigen (PCNA) diluted 1:50 (Dako). PCNA is an 
auxiliary protein to DNA polymerase delta which is expressed 
during the late G~, S, G 2, and M phase cell cycles [22]. For all 
specimens, negative controls consisted of substitution of the pri- 
mary antibody with an irrelevant murine monoclonal antibody, or 
with the normal rabbit IgG. 

For immunoelectronmicroscopy, frozen sections of 4% para- 
formaldehyde-fixed tissue were incubated with 10% normal swine 
serum for 10 min, then incubated with anti-TM antibody or con- 
trol normal rabbit IgG at a dilution of 1:100 overnight at 4 ° C, fol- 
lowed by incubation with peroxidase labelled anti-rabbit IgG anti- 
body (Cappel Laboratories, West Chester, Pa., USA) at a dilution 
of 1:50 at 4 ° C for 2 h. After washing three times in PBS, sections 
were fixed with 1% glutaraldehyde solution in PBS, immersed in 
DAB solution for 30 min, and then treated with DAB-hydrogen 
peroxidase solution for 5 min. Finally, they were post-fixed with 
2% osmium tetroxide in PB, dehydrated and embedded in Epon 
812 mixture. Ultrathin sections were examined in a Hitachi H- 
7100 electron microscope without counter staining. 

For each kidney sample, 20 glomeruli were sequentially exam- 
ined and the number of cells counted. Glomerular cross-sections 
containing only a minor portion of the glomerular tuft (<20 dis- 
crete capillary segments/cross-section) were not included in the 
analysis. Cellularity was expressed as the total number of nuclei 
per glomerular cross-section in tissue sections stained with the 
PAS reagent. The number of TM positive cells and PCNA positive 
cells in a glomerulus was counted. 

The results are expressed as the mean and standard deviation 
with statistical analysis performed by Student's t-test. 

Results 

Light  mic roscopy  

Inject ion of  HSV into rats produced rapid mesangiolysis  
leading to segmental  bal looning of  glomerular  capillary 
loops, the cystic lesion, in 30% of  glomeruli  at day 1. 
Such areas of  cystic lesion were filled with erythrocytes,  
neutrophils,  platelets and fibrin. However  the glomerular  
basement  membrane  (GBM) remained intact (Fig. la). 
The cystic lesion revealed initiation o f  cell proliferation 
with scanty matrix expansion 2 to 3 days after HSV ad- 
ministration (Fig. lb). At  day 5, cystic lesions were filled 
with large numbers  o f  mononuclear  cells, the numbers  o f  
infiltrating inf lammatory  cells were decreased, and mor-  
phological ly  the picture mimicked  severe proliferative 
glomerulonephri t is  (Fig. lc).  In the peripheral region of  
the cystic lesion, particularly between points o f  attach- 
ment  o f  cellular clusters to the basement  membrane,  cap- 
illary like lumina were occasional ly  detected and in the 
centres of  proliferation, slit-like spaces were observed. 
PAM-posi t ive matrix components  were detected in the 
areas of  proliferative lesions. At  day 14, mesangial  ex- 
pansion was reduced and the slit-like spaces replaced the 
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Fig. 2a-e The number of (a) total cells, (b) proliferating cell nu- 
clear antigen (PCNA) positive cells, (e) thrombomodulin (TM) 
positive cells per glomerulus. Closed and open circles represent 
the numbers in experimental and control rats at various time peri- 
ods. Values are expressed as mean +SD. * P<0.01 when compared 
to control, ** P<0.05 when compared to control. Data derived 
from the analysis of 20 glomerular cross-sections 

definite capillary lumina (Fig. ld). F rom day 21 on- 
wards, the glomerul i  a lmost  recovered their original nor- 
mal structure, cell number  and matrix components  de- 
creased, al though mild segmental  sclerotic lesions per- 
sisted in 1 -2% of  glomeruli  (Fig. le, f). In control  rats, 
the glomeruli  showed no noteworthy histological  chang- 
es throughout  the experimental  period. 

Figure 2a shows the total number  of  cells per glomer-  
ulus after H S V  or saline injection. At day 1, in the exper- 
imental  group the total number  of  cells was significantly 
decreased compared  with the control group. Thereafter  
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Fig. 3a-d Glomerular staining 
for TM in a control rat (a) and 
in experimental rats at days 1 
(b), 2 (e), 14 (d). In the control 
rat, TM is localized on the ex- 
posed surface of the endothelial 
cell along the capillary lumina. 
At day 1 (b), the cystic lesion 
is devoid of TM positive cells, 
except for some focal peripher- 
al regions (arrow). At day 2 
(e), TM positive cells are seen 
inside the lesion (arrow). At 
day 14 (d), TM positive cells 
are more widely distributed 
with definite formation of cap- 
illary lumina, x400 

the total number of cells increased significantly, peaking 
at day 5, while the number of PCNA positive cells 
peaked at day 3 as shown Fig. 2b. From day 7, the total 
number of cells decreased slowly with time and returned 
to normal levels at day 21. 

Fig. 4 Immuno-electron micrograph of a glomerulus at day 5 af- 
ter HSV injection. The expression of TM is located along the ex- 
posed surface of endothelial cells (arrow) in non-affected tuft, and 
regenerating endothelial cells (double arrow) with tubular forma- 
tion in the proliferative lesion (asterisk). It is not expressed in the 
mesangial or infiltrating cells, x2,370; calibration bar=5 gm (~': 
glomerular basement membrane; M, mesangial cell; P, podocyte; 
E, endothelial cell) 

Immunohistochemistry 

Tissue sections were stained by the immunoperoxidase 
technique with polyclonal anti-TM antibody for detec- 
tion of endothelial cells. In the control rats, the expres- 
sion of TM was confined to the exposed surface of the 
endothelial cells attached to the capillary loops (Fig. 3a). 
In experimental groups, TM antigen was not expressed 
in cystic lesions, except for some focal peripheral re- 
gions at day 1 (Fig. 3b). At day 2, TM positive cells now 
appeared inside the cystic lesions (Fig. 3c), and these 
TM positive cells in the cystic lesion connected with the 
afferent arterioles (Fig. 5a). At day 5, when intraglomer- 
ular cellularity was maximal, regions of proliferation in- 
cluded TM positive cells, which were endothelial cells as 
confirmed by immuno-EM. The expression of TM was 
localized on the exposed surface of the endothelial cell, 
but was absent from mesangial and infiltrating cells (Fig. 
4). Analysis of serial sections of these glomeruli con- 
firmed that TM positive cells in the proliferative lesions 
were connected to both TM positive cells in vascular 
pole and peripheral cystic lesions, and that these positive 
cells formed tubular structures with outgrowths (Fig. 7). 
At later stages, open capillary lumina with TM positive 
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Fig. 5a, b Glomerular staining for TM (a) and PCNA (b) in serial sections in the experimental rat at day 2. It is evident that TM posi- 
tive cells (arrow), elongated from the vascular pole, are also positive for PCNA (arrowhead). x400 

Fig. 6a, b Glomerular staining for TM (a) and (z-smooth muscle actin (c~-SMA) (b) in serial sections in the experimental rat at day 2. In 
the cystic lesion (arrowhead), TM positive cells are seen (arrow) whereas c~-SMA is not expressed, x400 

Fig. 7a-d  Immunohistochemi- 
cal staining for TM on serial 
sections of the same glomeru- 
lus (a, b, c, d) in the experi- 
mental rat, with marked prolif- 
erative lesion at day 5. TM pos- 
itive cells in the proliferative 
lesion, connect with both TM 
positive cells in the vascular 
pole (arrowhead) and in the pe- 
ripheral region, and form a 
tube-like structure with out- 
growth, x400 
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Fig. 8 In the cystic lesion, an 
electron micrograph shows that 
endothelial cells are extensively 
detached from the glomerular 
basement membrane (GBM) 
and the mesangium at day 1. 
However, a few endothelial 
cells with preserved attachment 
to GBM are present (arrow). 
Platelets full the cystic lesion. 
(EC, Endothelial cell) x5,600; 
calibration bar=2 gm 

Fig. 9 Electron micrograph of 
an endothelial cell in the cystic 
lesion at day 2. The elongated 
endothelial cells (arrow) are 
connected with each other by 
junctional complexes (arrow- 
head), x4,280; calibration 
bar=2 gm 

lining gradually appeared and eventually TM showed al- 
most the same distribution as in control rats (Fig. 3d). 
The number of TM positive cells increased rapidly, after 
marked initial depletion by mesangiolysis, reaching a 
plateau at day 7 that did not significantly differ to that of 
controls (Fig. 2c). 

Mesangial cell activation, which was determined by 
the expression of o~-SMA, was assessed in glomerular le- 
sions throughout the experimental period. Glomeruli in 
control rats did not exhibit expression of c~-SMA, al- 
though c~-SMA could be observed in the afferent and ef- 
ferent arterioles. In the experimental group in contrast, 
c~-SMA expression in glomeruli was detected at day 3, 
when the initiation of cell proliferation was observed. 

The strongest expression of c~-SMA was observed in me- 
sangial areas in a nodular pattern at day 5 (data not 
shown). Thus at day 2 the cystic lesion showed no de- 
tectable expression of ~-SMA as described above (Fig. 
6b). However, TM positive cells were detected inside the 
cystic lesion at day 2 (Fig. 6a). 

Figure 2b shows of PCNA positive cells in a glomeru- 
lus. A prominent peak was observed at day 3, thereafter 
the number of PCNA positive cells rapidly decreased. In 
order to determine whether TM positive cells were asso- 
ciated with intraglomerular cell proliferation, serial sec- 
tions were examined. One serial section was immuno- 
stained with anti-PCNA antibody and a second serial 
section with anti-TM antibody. This proceeding demon- 



Fig. 10 The hypercellular re- 
gion is mainly composed of 
young mesangial cells (arrow), 
with a mixture of endothelial 
cells which form frequent pre- 
mature capillaries (arrowhead) 
without definite formation of 
the GBM at day 6. Some me- 
sangial cells (double arrow) 
contact with adjacent endothe- 
lial cells, x3,570; calibration 
bar=3 gm 
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strated that TM positive cells, which were connected 
with the afferent arteriole, also expressed PCNA. (Fig. 
5a, b). 

Electron microscopy 

At day 1 most of the mesangial matrix had dissolved or 
disappeared, and many mesangial cells had degenerated 
and been removed from the mesangial area. Although a 
few endothelial cells remained in the peripheral cystic le- 
sion with preserved attachment to GBM, most of the en- 
dothelial cells were detached from the mesangial matrix 
and GBM and could not be detected in the cystic lesion 
(Fig. 8). At day 2, endothelial cells now reappeared in 
the cystic lesion. Some endothelial cells were connected 
by junctional complex with adjacent endothelial cells 
which preserved attachment to the GBM, and elongated 
their cytoplasm (Fig. 9). At day 6, prominent prolifera- 
tive lesions occupied the site of prior mesangiolytic le- 
sions, the matrix was increased. The main contributions 
to hypercellularity were young mesangial cells as judged 
by cell position and ultrastructual features. These cells 
had cytoplasmic processes which rarely formed junctions 
with adjacent cells, dense cytoplasm, prominent Golgi 

Fig. 11 In the proliferative lesion, the premature capillary (arrow) 
branches out and attaches to GBM (arrowhead) at day 7. x3,450; 
calibration bar=3 gm 
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Fig. 12 Mild segmental proliferative lesion still seen 14 days after 
venom injection. Mesangial cells (*) are interposed between newly 
formed (arrow) and original GBMs (arrowhead) (EC, Endothelial 
cell) x5,200; calibration bar=2 gm 

complexes and rough endoplasmic reticulum. However, 
endothelial cells which formed premature capillaries 
without definite basement membrane were observed in 
these proliferative lesions. Around these premature capil- 
laries, mesangial cells were present and some were in 
contact with adjacent endothelial cells (Fig. 10). There- 
after the premature capillaries branched out into the pro- 
liferative lesion and some capillaries attached to the orig- 
inal GBM (Fig. 11). At day 14, we observed mature cap- 
illary loops with endothelial cells and newly formed def- 
inite GBM, which was integrated into the original GBM 
(Fig. 12). The mesangial cells were interposed between 
the newly formed and the original GBM, mimicking me- 
sangial interposition (Fig. 12). The number of interposed 
mesangial cells fell with time and at day 42 most of the 
glomeruli appeared to be almost normal, except for some 
with segmental sclerosis. 

Discussion 

Miura and Sumikawa first reported in 1902 [25] that 
glomerular injury could be induced by injection of HSV 
into rabbits. Since then, many reports have demonstrated 
mesangiolysis and mesangial proliferative glomerular le- 
sions in experimental animals after administration of 
HSV [3, 4, 5, 8, 30]. A feature of this model is that dam- 
aged glomeruli eventually recover their original structure 
with capillary tuft reconstruction [26]. These morpholog- 
ical changes, which are characterized by rapid repair of 
the original structure followed by marked mesangial cell 
proliferation, are similar to those described in anti-thy- 
mocyte antibody induced mesangiolytic nephritis [34]. 

When considering the pathophysiology of glomerulo- 
nephritis, many investigations have focused on the me- 
sangial cells and mesangial matrix. However the behav- 
iour of endothelial cells, which are assumed to be impor- 
tant for vascular construction, has not yet been thorough- 
ly analysed in human and experimental glomerulonephri- 
tis. In this study, we investigated the endothelial cell dur- 
ing the recovery process following HSV induced glomer- 
ular injury. 

The kinetics of the endothelial ceils was analysed by 
electron microscopy and by immunohistochemical stud- 
ies of TM. TM is a cell surface protein of the vascular 
endothelium [12, 27]; it is found on cells cultured from 
vascular beds [10], on the endothelium throughout the 
rabbit vasculature [9] and on the endothelial ceils of ar- 
teries, veins, capillaries and lymphatics in all human 
tissues and organs tested, except for the brain [24]. De 
Bault has proposed that TM is an excellent specific 
marker for the endothelial cell [9]. Furthermore in glo- 
meruli, Horvat and Palade [16] showed, by indirect im- 
munofluorescence and immunogold labelling procedures 
in the rat, that TM is located in the endothelial cell of the 
glomerular capillary loop and absent from the mesangial 
cell and the podocyte. In agreement with the above data, 
our study showed that TM was present along the exposed 
surface of the endothelial cell in both control and experi- 
mental rats. 

Morphometric analysis demonstrated that the number 
of endothelial cells decreased significantly at day 1, 
compared with the control group, due to mesangiolysis. 
This was followed by a rapid increase to a plateau at day 
7 that did not significantly differ from control values, as 
shown in Fig. 2c. Morphologically, at day 1, when the 
glomeruli showed a cystic lesion, we could not find en- 
dothelial cells inside these lesions except for those endo- 
thelial cells where attachment to the original GBM was 
preserved in the peripheral cystic lesion. However in the 
early proliferative phase, endothelial cells could already 
be detected inside the cystic lesion. A rapid proliferation 
of endothelial cells in the early phase of repair processes 
has been observed in chemically cauterized cornea [6] 
and in the endothelial removed aorta [31]. In agreement 
with above data, our results indicated that rapid endothe- 
lial cell proliferation occurred in the early phases after 
glomerular injury induced by HSV. However, a-SMA 
could not be detected in the cystic lesion on these newly 
appearing endothelial cells. However, (z-SMA was prom- 
inently expressed in the mesangial region, in accordance 
with mesangial proliferation seen in the later phases. A1- 
pha-SMA is considered to be an inducible marker of ac- 
tivated mesangial cells in disease states in human and rat 
glomeruli [1, 19]. These findings suggest that endothelial 
cells grow rapidly prior to the onset of mesangial cell ac- 
tivation in injured glomeruli. 

Previously studies have demonstrated that segmental 
glomerular hypercellularity is mainly due to the prolifer- 
ation of mesangial cells [3, 4, 5]. Barnes et al. [4] 
showed that the cell type involved in the proliferative le- 
sion induced by HSV in the unilaterally nephrectomized 
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rat was almost exclusively the mesangial cell; this would 
exclude a significant contribution by endothelial and epi- 
thelial cells to the proliferating population. However in 
the current study, immunohistochemical and electron mi- 
croscopic examination showed that the proliferative le- 
sions contained not only mesangial but also endothelial 
cells. This contradictory result may be due to the meth- 
ods employed (unilateral nephrectomy) which might ac- 
celerate glomerular injury and mesangial activation after 
HSV injection. We were unable to resolve one important 
question, namely the origin of the newly appearing endo- 
thelial cells. The finding that TM positive cells, which 
were connected to the afferent arterioles, also expressed 
PCNA, indicates that the endothelial cells may extend 
from the vascular pole into the cystic lesion. This is sup- 
ported by the findings from serial sections, showing that 
TM positive cells were continuous with the vascular pole 
in the severe proliferative lesion at day 5. Furthermore, 
these cells formed premature capillaries with outgrowth 
and connected with the endothelial cells in the peripheral 
region of the capillary loop. These observations may be 
similar to those seen in angiogenesis, in which new ves- 
sels grow from the parent capillary [14, 28, 36]. 

Capillary tuft reconstruction was not over at day 7, al- 
though endothelial cell proliferation was complete as 
shown in Fig. 2c. These observations suggest that the en- 
dothelial cell may elongate its cytoplasm without prolif- 
eration after day 7. In fact, Sholley et al. [33] reported 
that endothelial sprouting in the cauterized rat cornea 
was observed although endothelial proliferation had been 
inhibited by irradiation. The factors that participate in 
these capillary tuft reconstructions and endothelial re- 
generation have not been fully investigated in glomeruli. 
However, basic fibroblast growth factor (bFGF) and vas- 
cular endothelial growth factor (VEGF), which stimulate 
endothelial celt growth and angiogenesis [20], are pro- 
duced by glomerular resident cells [13, 18]. These fac- 
tors may enhance endothelial regeneration and capillary 
reconstruction after glomerular injury in this model. 

We observed a close correlation between the comple- 
tion of endothelial cell proliferation and the decrease in 
the number of total cells after day 7; this decrease was 
more dependent on the reduction in number of mesangial 
cells. It has been reported that mesangial cell prolifera- 
tion is regulated by intercellular contact with endothelial 
cells in the co-culture system [29] and inhibited by a 
peptide with heparin-like activity, produced by glomeru- 
lar endothelial cells [7]. By analogy with the above data 
in vitro, mesangial cell growth, including that of inter- 
posed mesangial cells with both newly formed and origi- 
nal GBM, may be ceased by mesangial-endothelial cell 
interactions and after this, capillary lumina grow in size. 

It has been reported that the endothelial cell cannot be 
detected in the sclerotic lesions of human and mice glo- 
meruli [35] and that endothelial injury or dysfunction is 
an initial event in atherosclerotic lesions, which seem to 
be analogous to focal and segmental glomerulosclerosis 
[11]. Therefore, the breakdown of endothelial cell 
growth may cause sclerotic lesions in glomeruli. In this 

context, endothelial cell growth seems to be indispens- 
able in maintaining the original structure of the glomeru- 
li. 

In conclusion, following HSV induced glomerular in- 
jury reconstitution of the original structures is the natural 
course, and migration and proliferation of endothelial 
cells with capillary formation along with mesangial cell 
proliferation are essential for the repair process. 
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