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Abstract 
Introduction: Several studies have shown the prognostic value of markers detecting interstitial infiltration, epithelial-mesenchymal transition 
(EMT) and tubulo-interstitial damage in chronic kidney disease evolution. Aim of our investigation was to further evaluate the pathological 
correlation of such parameters in a population with chronic kidney disease in early stages. Materials, Methods and Results: In a population 
of 16 patients, with a prior diagnosis of chronic kidney disease in early stages, that underwent a biopsy procedure for clinical indication, 
there were evaluated the expression in kidney tissue of mesenchymal, epithelial and proliferation markers. Material remaining after routine 
light microscopy and immunofluorescence was stained for mesenchymal markers such as vimentin, epithelial markers such as cytokeratin 
and E-cadherin. Quantitative evaluation was conducted by electronic image analysis on consecutive low power fields, avoiding glomeruli, 
and estimated as percentage of the total area. The clinical and biochemical characteristics evaluated during the hospitalization period 
showed the prevalence of multiple cardiovascular risk factors such as: arterial hypertension (68%), abnormal blood lipid levels (32%), 
obesity (27%), diabetes (19%). The histopathological characteristics of chronic kidney dysfunction was related with higher expression of 
mesenchymal markers (p<0.001) and a decrease expression of epithelial markers (p=0.003). Conclusions: The interrelation of epithelial 
and mesenchymal tubulo-interstitial markers was demonstrated even in early stages of chronic kidney dysfunction. 
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 Introduction 

Several studies have shown the importance of 
tubulo-interstitial fibrosis as the final step in end-stage 
renal disease evolution, regardless of the initiating cause 
for the renal pathology [1–4]. 

The pathologic features for chronic kidney disease  
in the fibrotic stage are showing important deposition  
of extracellular matrix, myofibroblasts accumulation, 
glomerulosclerosis, tubular atrophy and peritubular 
capillary reduction [4–7]. 

Assessment of interstitial fibrosis has been proved to 
relate with the renal function outcome in several studies 
[8, 9]. Interstitial fibrosis quantification is a predictive 
marker for the kidney graft outcome [10]. 

Cellular interchanges between mesenchymal and 
epithelial phenotype by activating or deactivating 
specific genes represents a widely accepted concept that 
characterizes the embryonary processes [11]. 

Recent studies that analyze the pathological 
expression of needle biopsy in native kidneys have 
proved the importance of epithelial-mesenchymal 
transition (EMT) in tubulo-interstitial fibrosis develop-
ment [12]. Phenotypic changes that appear throughout 
the fibrosis development are characterized by the 
differentiation into myofibroblasts that is considered 
one of the essential early cellular events that initiates the 
development of organ fibrosis and loss of cytokeratins 
[12, 13]. Given the complexity of cell lines, fibroblasts 

renal origin remains controversial, currently the most 
common theory prioritizes local interstitial cells but 
other authors claim that migrated leukocytes derived 
from local fibroblasts may be responsible for the fibro-
blasts expression and extracellular matrix deposition 
[14, 15]. 

In recent studies performed in cultured cells and in 
experimental models of nephropathy has been proposed 
that tubular epithelial cells through epithelial-mesen-
chymal transition become collagen-producing cells [15]. 
According to this hypothesis, epithelial cells should 
undergo several stages such as proliferation and pheno-
typic changes to eventually synthesize extracellular 
matrix. Thus, after injury to tubular epithelial cells 
various processes initiate such as cell death via 
apoptosis or necrosis, initial morphological character-
istics recovery or the expression of mesenchymal 
characteristics as myofibroblasts presence and loss of 
epithelial phenotype characteristics. 

Aim of our study was to evaluate the importance  
of interstitial infiltration, EMT and tubulo-interstitial 
damage in chronic kidney lesions description in a 
population with native kidney biopsy. 

 Materials and Methods 

The study was performed in kidney tissues obtained 
from 16 patients that underwent a biopsy procedure 
during 2009–2011. The protocol was approved by  
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the Ethic Committee of “Carol Davila” Nephrology 
Hospital and University of Medicine and Pharmacy of 
Craiova, and was conducted according to the ethical 
principles of the Helsinki Convention. 

Medical history and biochemical characteristics 
during the hospitalization period were recorded from  
the patient files as well as the renal function in prior 
examinations. The informed consent for using confiden-
tial data was obtained from each patient. The biopsies 
were performed according to the approved local 
procedure, with a 16 Gauge needle and under ultrasound 
control. The biopsies were performed on various clinical 
indications, which were as follows: isolated proteinuria; 
isolated reduced renal function (RF), assessed by 
increased serum creatinine >25% compared with 
previous presentations; association of both proteinuria 
and reduced RF. Estimated glomerular filtration rate 
(eGFR) was determined using the Modification of Diet 
in Renal Disease (MDRD) formula [16]. Renal function 
evaluation investigated the following parameters: serum 
creatinine and eGFR, proteinuria / 24 hrs., during the 
hospitalization period and in previous ambulatory 
presentations. Chronic kidney disease was defined as 
the reduction in glomerular filtration rate calculated 
with the MDRD formula, according to current diagnosis 
procedures [17]. 

The exclusion criteria represented biopsies with 
acute injury or active proliferative lesions such as: 
proliferative glomerulonephritis, interstitial nephritis, 
acute tubular necrosis, thrombotic microangiophaties  
or vasculitis. 

Tissue samples, fixed in 4% buffered paraformal-
dehyde and embedded in paraffin, were processed 
following the international guidelines and examined  
by light microscopy and immunostaining. Material 
remaining after routine light microscopy was stained  
for mesenchymal markers such as vimentin, epithelial 
markers such as cytokeratins and E-cadherin. 

The immunohistochemical processing was made on 
sections using the LSAB+ System-HRP (Dako). The 
antibodies used, clone, dilution and antigen retrieval are 
shown in Table 1. 

Table 1 – Panel of antibodies for immunostaining 

Antibody Clone Dilution Antigen retrieval

Vimentin V9 1:50 

E-cadherin NCH-38 1:50 

Cytokeratins MNF116 1:75 

Citrate buffer, pH 6

Images were acquired by a Nikon Eclipse (Nikon, 
Apidrag, Romania) microscope, equipped with a  
5-megapixels CCD digital videocamera. Consecutive 
images, avoiding glomeruli, were recorded from the 
whole renal biopsy tissue at ×200 magnification. An 
optical threshold followed by filtering was applied to  
all images, and the staining for both epithelial and 
mesenchymal markers was calculated as percentage of 
the total scanned area. 

Statistical analysis was performed using the SPSS 10 
software. In all statistical analysis significance was set 
for p-values <0.05. Continuous variables were expressed 
as average values ± SD. Differences among percentages 
were determined by χ2 test and Fisher exact test. 

 Results 

In this study, there were investigated the clinical and 
pathological characteristics of 16 patients that under-
went a biopsy procedure for clinical indication. The 
most common indication for biopsy was represented  
of decreased RF assessed by increased serum creatinine 
>25% compared with previous presentations (63%) 
followed by association of both proteinuria and reduced 
RF (27%) and isolated proteinuria (10%). The clinical 
and biochemical characteristics of the population at the 
biopsy moment are resumed in Table 2. It was observed 
a decrease in creatinine and proteinuria levels in different 
time points after the renal biopsy (p<0.05). 

Table 2 – Population characteristics 

Variable Value1 

N 16 

Age [years] 43±14 

Sex [% males] 58 

Diabetes [%] 26 

Creatinine [mg/dL] 2.73±1.6 

Creatinine at follow-up [mg/dL] 2.22±1.7 

eGFR [mL/min./1.73 m2] 32±17 

Proteinuria / 24 hrs. [g/24 hrs.] 2.19±2.05 

Proteinuria / 24 hrs. at follow-up [g/24 hrs.] 1.16±0.95 

Antihypertensive therapy [%] 59 

Steroid therapy [%] 25 
1Some values are expressed as mean ± std. dev. 

The clinical and biochemical characteristics evaluated 
during the hospitalization period showed the prevalence 
of multiple cardiovascular risk factors such as arterial 
hypertension (68%), abnormal blood lipid levels (32%), 
obesity (27%), diabetes (19%). Chronic kidney disease 
stage III was the most common stadialization diagnosis 
(56%), followed by chronic kidney disease stage II (18%) 
and stage I (9%). 

The most common histopathological diagnosis was 
primary and second forms of focal segmental glomerulo-
sclerosis (n=5, 45%), followed by membranous nephro-
pathy (n=4, 36%), diabetic nephropathy (n=3, 27%), 
primary chronic tubulo-interstitial nephritis (n=2, 18%), 
amyloidosis / monoclonal immunoglobulin deposition 
disease (n=1, 9%) and minimal change disease (n=1, 
9%). 

For statistical purposes, we evaluated the degree  
of glomerular sclerosis, tubular atrophy and interstitial 
fibrosis according to the following criteria: glomerular 
sclerosis was evaluated as the percentage of sclerotic 
glomeruli in each sample, conversely, tubular atrophy 
and interstitial fibrosis were qualitatively graded using a 
scale of 0–3 (0 – no pathology; 1 – <25% involvement, 
mild; 2 – 25–50% involvement, moderate; and 3 – >50% 

involvement, severe). 
As regards the different types of histological lesions, 

glomerulosclerosis was present in 67% of biopsy 
specimens, involving 13±11% of glomeruli. A severe 
degree of tubular atrophy and interstitial fibrosis were 
observed in 19% and 23% of biopsy specimens, 
respectively. There were not observed any differentiations 
between histological characteristics and chronic kidney 
disease stages in our group. 
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Interrelations between histological and immunohisto-
chemical characteristics are showed in Table 3. 

Table 3 – Interrelations between histological and 
immunohistochemical parameters 

Group Vimentin1 Cytokeratin1 E-cadherin1

Interstitial fibrosis 34.5±22.1 10.7±8.4 7.2±9.3 

Tubular atrophy 22.5±11.4 3.1±2.7 5.9±6.7 

Glomerular sclerosis 11.2±10.8 7.4±6.9 17.4±8.1 
1Values expressed as mean ± std. dev. 

In normal kidney, vimentin is present in glomeruli, 
arterioles, and interstitial fibroblasts but is not found in 
the tubule. Tubulo-interstitial expression of vimentin, 
expressed as percentage area was observed in this study 
to be within the range 0.2–79% with a mean of 27±5.9%. 
A percentage of 34% of the cases showed vimentin 
expression more than 27%. In the present study, however, 
when vimentin was found outside of usual areas,  
in tubules and the interstitial area it was associated  
with higher values of creatinine levels (p<0.001), this 
particularly expression was greater in areas with chronic 
tubulo-interstitial injury. 

Regarding the particularity of E-cadherin and cyto-
keratins expression as epithelial markers, the association 
between the absence of epithelial markers expression 
and presence of vimentin as a mesenchymal marker was 
observed in this study (Figure 1, A–E). 

In a multiple regression analyze the major determi-
nants for the decrease in RF evaluated as increased 
serum creatinine >25% at biopsy moment was vimentin 
expression (p=0.003) and the association of more than 
two cardiovascular risk factors (p<0.001). 

 Discussion 

The degree of interstitial remodeling, especially 
interstitial fibrosis, in native kidney biopsies has been 
shown to be associated with poor renal outcome defined 
by progression to end stage renal disease and initiation 
of renal substitution therapy [18, 19]. A major controversy 

regarding the use of surveillance biopsies in routine 
clinical practice relates to the clinical utility of the 
information derived from these tissues [20], in our study 
the decision for performing a renal biopsy was made 
based only on the clinical and biochemical patients 
outcome. 

Fibroblasts cells are principal effectors of fibro-
genesis, initially these cells were identified by light 
microscopy and electron microscopy based on morpho-
logical characteristics [21–24]. Epithelial-mesenchymal 
transition in renal fibrosis was first demonstrated by 
Strutz et al. [7] in a paper published almost more of a 
decade ago. Using fibroblast-specific protein (Fsp1) as a 
marker, these authors showed that tubular epithelial 
cells could express Fsp1, a calcium binding protein 
associated with the cytoskeleton, normally expressed in 
the fibroblasts, in an experimental animal model of 
nephropathy with tubular basement membrane antibodies. 
They postulated the presence of the epithelial-mesen-
chymal transition that could serve as a new way of 
generating fibroblasts in kidney fibrotic processes. 

Subsequent studies in Lan’s group [25] provide 
evidence for the existence of morphological and 
phenotypic EMT in renal tissue remaining after 5/6 
nephrectomy. Nadasdy T et al. [6] reported that isolated 
cells or small groups of cells showing poorly organized 
epithelial markers could still be found in the interstitial 
renal biopsy samples from patients with end-stage 
kidney disease, according to the notion of epithelial-
mesenchymal transition. Iwano M et al. have provided 
convincing evidence showing that interstitial fibroblasts 
may be derived from renal tubular epithelium after 
injury cause obstruction. Epithelial cells showed marked 
morphological abnormalities, became disorganized and 
expressed fibroblast-transforming markers as Fsp1 and 
HSP47 [26]. 

Recent studies on biopsy specimens provide new 
arguments in EMT characteristics that seems to play an 
important role in progressive renal fibrosis, tubular 
epithelial cells that undergo phenotypic changes, as 
demonstrated by the expression of “de novo” myofibro-
blasts and cytokeratins loss [12]. 

In our study was observed a specific expression  
of epithelial markers as E-cadherin and cytokeratins 
intermediate filament loss associated the presence of 
vimentin as a mesenchymal marker. Moreover, in our 
study only vimentin expression was observed to be 
associated with creatinine level and renal filtration rate 
at the biopsy moment. Our finding is in agreement with 
previous studies that underline the specific vimentin 
expression in native kidney biopsies with fibrotic 
lesions [27, 28]. 

In our study, mesenchymal phenotype characteristics 
in tubular cells was associated with renal function 
reduction as well as with the interstitial fibrosis score 
independently of histological diagnosis confirming  
the hypothesis that tubulo-interstitial lesions can be 
important in chronic kidney progression [29–32]. Our 
study did not evaluate the epithelial to mesenchymal 
trans-differentiation process, we resumed at describing 
the relation observed in epithelial and mesenchymal 
markers expression. 

Our study has some limitations. This is a retrospect-
ive study and the patients were included at different 
time points, it would be interesting to investigate in 
future study the presence of vimentin and the expression 
of epithelial markers in sequential protocol biopsies and 
to analyze whether they could be used as an earlier 
marker and could predict the development of tubular 
and glomerular proteinuria, rises in plasma creatinine 
and renal outcome. 

 Conclusions 

This study demonstrated that introduction of vimentin 
as new marker in histopathologial diagnosis of native 
kidney biopsy, in association with epithelial markers, 
can be important in tubulo-interstitial damage character-
ization. Both epithelial and mesenchymal characteristics 
can be specific markers in renal function evaluation, 
even in early stages of chronic kidney dysfunction. 
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Figure 1 – Immunohistochemical expression of epithelial and mesenchymal markers: (A) Tubulo-interstitial vimentin 
expression in a case with no interstitial fibrosis (vimentin immunostain, ×200); (B) Vimentin expression in a case with 
interstitial fibrosis score >1 (vimentin immunostain, ×200); (C) Cytokeratin intermediate filaments expression, in a 
case with no interstitial fibrosis (MNF116 immunostain, ×200); (D) Cytokeratin intermediate filaments expression, in 
a case with interstitial fibrosis score >1 (MNF116 immunostain, ×200); (E) E-cadherin expression in a case with no 
interstitial fibrosis (E-cadherin immunostain, ×200); (F) E-cadherin expression in a case with interstitial fibrosis 
score >1 (E-cadherin immunostain, ×200). 

Acknowledgments 
This paper has been supported within the project 

entitled “Doctorate an Attractive Research Career”, 
contract number POSDRU/ID/88/1.5/S/52826 co-financed 

by European Social Fund through Sectoral Operational 
Programme for Human Resources Development 2007–
2013. 
 



Implications of tubulo-interstitial epithelial and mesenchymal relation in chronic kidney disease 

 

717

References 
[1] Thannickal VJ, Toews GB, White ES, Lynch JP 3rd, 

Martinez FJ, Mechanisms of pulmonary fibrosis, Annu Rev 
Med, 2004, 55:395–417. 

[2] Hinz B, Phan SH, Thannickal VJ, Galli A, Bochaton- 
Piallat ML, Gabbiani G, The myofibroblast: one function, 
multiple origins, Am J Pathol, 2007, 170(6):1807–1816. 

[3] Strutz F, Müller GA, Interstitial pathomechanisms underlying 
progressive tubulointerstitial damage, Kidney Blood Press 
Res, 1999, 22(1–2):71–80. 

[4] Choi YJ, Chakraborty S, Nguyen V, Nguyen C, Kim BK, 
Shim SI, Suki WN, Truong LD, Peritubular capillary loss is 
associated with chronic tubulointerstitial injury in human 
kidney: altered expression of vascular endothelial growth 
factor, Hum Pathol, 2000, 31(12):1491–1497. 

[5] Essawy M, Soylemezoglu O, Muchaneta-Kubara EC, 
Shortland J, Brown CB, el Nahas AM, Myofibroblasts and 
the progression of diabetic nephropathy, Nephrol Dial 
Transplant, 1997, 12(1):43–50. 

[6] Nadasdy T, Laszik Z, Blick KE, Johnson DL, Silva FG, 
Tubular atrophy in the end-stage kidney: a lectin and 
immunohistochemical study, Hum Pathol, 1994, 25(1):22–28. 

[7] Strutz F, Okada H, Lo CW, Danoff T, Carone RL, 
Tomaszewski JE, Neilson EG, Identification and 
characterization of a fibroblast marker: FSP1, J Cell Biol, 
1995, 130(2):393–405. 

[8] Working Group of the International IgA Nephropathy 
Network and the Renal Pathology Society, Cattran DC, 
Coppo R, Cook HT, Feehally J, Roberts IS, Troyanov S, 
Alpers CE, Amore A, Barratt J, Berthoux F, Bonsib S,  
Bruijn JA, D’Agati V, D’Amico G, Emancipator S, Emma F, 
Ferrario F, Fervenza FC, Florquin S, Fogo A, Geddes CC, 
Groene HJ, Haas M, Herzenberg AM, Hill PA, Hogg RJ, 
Hsu SI, Jennette JC, Joh K, Julian BA, Kawamura T, Lai FM, 
Leung CB, Li LS, Li PK, Liu ZH, Mackinnon B, Mezzano S, 
Schena FP, Tomino Y, Walker PD, Wang H, Weening JJ, 
Yoshikawa N, Zhang H, The Oxford classification of IgA 
nephropathy: rationale, clinicopathological correlations, and 
classification, Kidney Int, 2009, 76(5):534–545. 

[9] Working Group of the International IgA Nephropathy 
Network and the Renal Pathology Society, Roberts IS, 
Cook HT, Troyanov S, Alpers CE, Amore A, Barratt J, 
Berthoux F, Bonsib S, Bruijn JA, Cattran DC, Coppo R, 
D’Agati V, D’Amico G, Emancipator S, Emma F, Feehally J, 
Ferrario F, Fervenza FC, Florquin S, Fogo A, Geddes CC, 
Groene HJ, Haas M, Herzenberg AM, Hill PA, Hogg RJ, 
Hsu SI, Jennette JC, Joh K, Julian BA, Kawamura T, Lai FM, 
Li LS, Li PK, Liu ZH, Mackinnon B, Mezzano S, Schena FP, 
Tomino Y, Walker PD, Wang H, Weening JJ, Yoshikawa N, 
Zhang H, The Oxford classification of IgA nephropathy: 
pathology definitions, correlations, and reproducibility, 
Kidney Int, 2009, 76(5):546–556. 

[10] Grimm PC, Nickerson P, Gough J, McKenna R, Jeffery J, 
Birk P, Rush DN, Quantitation of allograft fibrosis and chronic 

allograft nephropathy, Pediatr Transplant, 1999, 3(4):257–
270. 

[11] Boyer B, Vallés AM, Edme N, Induction and regulation of 
epithelial-mesenchymal transitions, Biochem Pharmacol, 
2000, 60(8):1091–1099. 

[12] Jinde K, Nikolic-Paterson DJ, Huang XR, Sakai H, 
Kurokawa K, Atkins RC, Lan HY, Tubular phenotypic 
change in progressive tubulointerstitial fibrosis in human 
glomerulonephritis, Am J Kidney Dis, 2001, 38(4):761–769. 

[13] Tang WW, Van GY, Qi M, Myofibroblast and alpha 1 (III) 
collagen expression in experimental tubulointerstitial 
nephritis, Kidney Int, 1997, 51(3):926–931. 

[14] Mandache E, Gherghiceanu M, Serafinceanu C, Penescu M, 
Mircescu G, Myofibroblast involvement in tubular basement 
membrane remodeling in type II diabetic nephropathy, Rom 
J Morphol Embryol, 2011, 52(1):75–79. 

[15] El-Nahas AM, Plasticity of kidney cells: role in kidney 
remodeling and scarring, Kidney Int, 2003, 64(5):1553–
1563. 

[16] Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D, 
A more accurate method to estimate glomerular filtration 
rate from serum creatinine: a new prediction equation. 
Modification of Diet in Renal Disease Study Group, Ann 
Intern Med, 1999, 130(6):461–470. 

[17] Lameire N, Jager K, Van Biesen W, de Bacquer D, 
Vanholder R, Chronic kidney disease: a European 
perspective, Kidney Int Suppl, 2005, 99:S30–S38. 

[18] Rastaldi MP, Ferrario F, Giardino L, Dell’Antonio G, Grillo C, 
Grillo P, Strutz F, Müller GA, Colasanti G, D’Amico G, 
Epithelial-mesenchymal transition of tubular epithelial cells 
in human renal biopsies, Kidney Int, 2002, 62(1):137–146. 

[19] Bohle A, Strutz F, Müller GA, On the pathogenesis of chronic 
renal failure in primary glomerulopathies: a view from the 
interstitium, Exp Nephrol, 1994, 2():205–210. 

[20] Bohle A, Mackensen-Haen S, von Gise H, Grund KE, 
Wehrmann M, Batz C, Bogenschütz O, Schmitt H, Nagy J, 
Müller C et al., The consequences of tubulo-interstitial 
changes for renal function in glomerulopathies. A morpho-
metric and cytological analysis, Pathol Res Pract, 1990, 
186(1):135–144. 

[21] Strutz F, Müller GA, Neilson EG, Transdifferentiation: a new 
angle on renal fibrosis, Exp Nephrol, 1996, 4(5):267–270. 

[22] Lindop GB, Gibson IW, Downie TT, Vass D, Cohen EP,  
The glomerulo-tubular junction: a target in renal diseases,  
J Pathol, 2002, 197(1):1–3. 

[23] Smeets B, Dijkman HB, Wetzels JF, Steenbergen EJ, 
Lessons from studies on focal segmental glomerulosclerosis: 
an important role for parietal epithelial cells? J Pathol, 2006, 
210(3):263–272. 

[24] Bob FR, Gluhovschi G, Herman D, Bozdog G, Gluhovschi C, 
Velciov S, Potencz E, Petrica L, Histological changes and 
immunohistochemical markers in the assessment of 
glomerulosclerosis in patients with glomerulonephritis, Rom 
J Morphol Embryol, 2011, 52(3 Suppl):1027–1032. 

[25] Ng YY, Huang TP, Yang WC, Chen ZP, Yang AH, Mu W, 
Nikolic-Paterson DJ, Atkins RC, Lan HY, Tubular epithelial-
myofibroblast transdifferentiation in progressive tubulo-
interstitial fibrosis in 5/6 nephrectomized rats, Kidney Int, 
1998, 54(3):864–876. 

[26] Iwano M, Plieth D, Danoff TM, Xue C, Okada H, Neilson EG, 
Evidence that fibroblasts derive from epithelium during 
tissue fibrosis, J Clin Invest, 2002, 110(3):341–350. 

[27] Mandache E, Penescu M, Renal subcapsular tertiary 
lymphoid aggregates in chronic kidney diseases, Rom J 
Morphol Embryol, 2011, 52(4):1219–1225. 

[28] Witzgall R, Brown D, Schwarz C, Bonventre JV, 
Localization of proliferating cell nuclear antigen, vimentin,  
c-Fos, and clusterin in the postischemic kidney. Evidence 
for a heterogenous genetic response among nephron 
segments, and a large pool of mitotically active and 
dedifferentiated cells, J Clin Invest, 1994, 93(5):2175–2188. 

[29] Klahr S, Mechanisms of progression of chronic renal 
damage, J Nephrol, 1999, 12(Suppl 2):S53–S62. 

[30] Healy E, Brady HR, Role of tubule epithelial cells in the 
pathogenesis of tubulointerstitial fibrosis induced by 
glomerular disease, Curr Opin Nephrol Hypertens, 1998, 
7(5):525–530. 

[31] Johnson RJ, The glomerular response to injury: progression 
or resolution? Kidney Int, 1994, 45(6):1769–1782. 

[32] Mandache E, Penescu MN, The association of polymorpho-
nuclears with humps in acute postinfectious glomerulo-
nephritis, Rom J Morphol Embryol, 2012, 53(3):629–633. 
 
 
 
 

 
Corresponding author 
Ofelia Jercan, MD, PhD student, University of Medicine and Pharmacy of Craiova, 2–4 Petru Rareş Street, 200349 
Craiova, Romania; e-mail: ofeliajercan@gmail.com 
 
Received: June 16th, 2012     Accepted: November 9th, 2012 


