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Abstract 

Basement membrane of glomerular mesangium (BMG) is a thin membrane which helps to support the 

capillary loops in a renal glomerulus and type IV collagen is require for complete BM formation during 

glomerulogenesis. In this investigation specific antibody of type IV collagen has been used in light microscopy 

to study development of BMG of the embryonic and postnatal mouse glomerular mesangium. In this study, 20 

female Balb/C mice were selected randomly and finding vaginal plug was assumed as day zero of pregnancy. 

12 pregnant mice were sacrified by cervical dislocation in one of gestational days 13-18, their fetuses were 

fixed and serially sectioned. Immunohistochemical Study for tracing of collagen type IV in BMG was carried 

out. The same processes were carried out for kidneys preparation of pups on 5, 10, 15 and 20 days after birth (2 

mothers for each day). The result of the present study revealed that collagen IV reaction was weak on day 15 of 

gestation. The amount of collagen increased continuously until next days of fetal life and primary of 10 days 

postnatal in BMG. After this period, collagen IV showed no significant change in newborns. These data 

indicate that collagen IV appears just during the glomerular vasculogenesis and because of continuity and 

glomerular endothelial cell differentiation, type IV collagen, is the major structural protein in BMG, have been 

implicated in these processes. 
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Introduction   ∗ 
 

Basement membrane is a specialized structure of 

extra cellular matrix and consists of different 

compositions such as proteins and sugars (Gulberg 

et al., 1995; Berkholtz et al., 2006). This structure 

contains several components such as types IV, V 

collagen, laminin, fibronectin, sulfated and 

nonsulfated glycosaminoglycan (Berkholtz et al. 

2006; Mates et al., 2004). Among these 

compositions, collagen is the most abundant 

constituent and type IV collagen has been identified 

a main structure of it (Thesleff  et  al., 1979; 

Horacek et al., 2004). Basement membrane not 

only changes during embryonic period but also 

alters during later stages of life and its alterations 

considers as an index of tissue changes in 

pathologic studies (Poschl et al., 2004; Cosgrove et 

al., 2008).   ECM components turn over continually 

in developmental organs (Carnegie, 1993; Chai et 

al., 2003). In other words, molecules and matrix 

components are required in cell differentiation. 

Among them, type IV collagen play complex roles 
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in developmental phenomena such as migration, 

proliferation, morphogenesis and metabolism 

(Paralkar et al., 1991; Thesleff et al., 1979). The 

most prominent role of extra cellular matrix is 

migration and cell adhesion that type IV collagen 

serves them (12, 13, 14). Therefore, considering 

collagen plays role in vital organs changes, it 

necessary seems its investigation.  
 

Material and Methods 
 

20 virgin female Balbc/c mice were selected 

randomly and finding vaginal plug were designated 

as day zero of pregnancy. 2 mices were 

anesthetized by chloroform and were sacrified by 

cervical dislocation in every gestational days 13-18. 

Their fetuses were collected and were processed for 

histological studies. The similar processes were 

used for newborns on 5, 10, 15 and 20 of postnatal 

days. Kidneys were isolated from newborns of 2 

mothers for each day. Finally, all samples of fetuses 

and new borns were placed in paraffin blocks and 

sectioned serially at a thickness of 7 μm. After 

deparaffination and rehydration, sections of kidneys 

were washed twice for 5 min with Tris buffer 
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(containing 1.5% sodium chloride at PH=7). None-

specific antibodies were blocked with 3% Triton X-

100 and goat serum for 3 hours. For blocking 

endogenous peroxides activity, sections were 

treated with 3% H2O2- methanol for 1 hour and 

were incubated with the monocolonal antibody 

against collagen IV (conjugated with Horse radish 

peroxidase) at a dilution 1:50 overnight. Then 

sections again were placed in Tris buffer solution 

containing 3%Triton and 2% goat serum and were 

washed three times for 10 min with Tris buffer. 

After this stage, sections were placed for 15 min in 

Di-aminobenzidine containing 0.03% H2O2 and 

after washing samples, were counterstained with 

hematoxylin. The sections were mounted with 

glycerol gel. In this method, collagen shows 

positive reaction according to amount of 

appearance and the coloring reaction is from light 

to dark brown. The coloring reaction of collagen is 

a proper index for determination of BMG. The 

images of glomerular regions of kidneys were 

obtained by a camera microscope and were saved 

as a file. The intensity of collagen IV reaction was 

graded by two separate individual according to firth 

method (Firth et al., 1996).  

 

Statistical analysis  
The data were analyzed by using SPSS software 

and Kruskal Wallis and Mann-Withney tests. P-

values<0.05 was considered as significant. 

 

Results  
 

Our finding revealed although mesenchymal 

cells are enclosed uretric bud and glomerular 

primordium and rudimentary tubules observed on 

day 13 of gestation (figure1), no collagen reaction 

was detected until this period of time. Glomerular 

development completed on embryonic day 14 and 

collagen just showed weak reaction in parenchym 

of vessels (PV) but not in glomerular basement 

membrane. Collagen IV showed first reaction on 

day 15 of gestation in cortical glomerulus  

(figure 2). The intensity of reaction increased 

continually during next days and detected on day 

18 of gestation in basement membrane of cortical 

glomerulus (figure 2). The results of this stage 

showed that epithelial basement membrane not only 

appeared in cortical regions of gelumerulus but also 

observed in tufts of capillary. The observations on 

5, 10 and 15 days of postnatal period indicated that 

collagen reaction was more intensive on day 5th of 

postnatal period in glomerular basement membrane 

(table 1) but this reaction was not increased showed 

significantly on day 10th   and after that during 

postnatal days.   

 

      
 

Figure 1. a. Transverse section through kidney paranchyme on day 13 of gestation that 

collagen indicated no reaction in glomerular primordium (arrow heads) as well as 

rudimentary tubules (arrows). b. Other transverse section during glomerular development on 

day 14 of gestation. Although glomerular structure have been completed, no reaction was 

observed in any area except for parenchyma vessles. 
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Figure 2. a. Transverse section of glomerulus on day 15 of gestation, The first reaction 

was observed in basement membrane of glomerulus of cortical regions  (arrow heads).  
b. Sections of glomerulus on 18 day of gestation. In this image it have been showed 

labeling in both basement membrane of cortical glomerulus (arrow heads).   
  

     
 

Figure 3. a. Transverse sections through glomerulus on 5th postnatal day, arrowheads 

refer to strong reaction in glomerular basement membrane. b. Glomerulus on 10th 

postnatal day, ECM and basement membrane labeling indicate more intensive reaction 

than previous image.   

 
Table 1. Collagen type IV reaction during kidney glomerular morphogenesis 

 

Embryonic and postnatal days BMG * ECM ** PV *** 
13 th  embryonic day  - - - 

14 th     =     =     =   = - - + 

15 th     =     =     =   = + + ++ 

18 th     =     =     =   = +++  ++ ++++ 

           5th postnatal day +++ +++ ++++ 

           10th  =   =     =   = ++++ ++++ ++++ 
 

Gradation of  ranging from negative (zero) to 4 positive in conformity with the severe of reaction from 

negative, weak, moderate, strong and high strong. 

Values represent means ± standard error of the mean (S.E.M), compared to embryonic with postnatal 

days: * (P � 0.002), ** (P � 0.005) and *** (P � 0.05). 
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Discussion 
 

Fibrillar proteins especially type IV collagen 

play different roles in limbs development and 

tendon junctions (Langmaier et al., 2001). These 

proteins not only act as conducting system for 

migration but also they are effective on wound 

repair, synthesis and turn over components of extra 

cellular matrix (such as fibronectin, tenasin, 

collagens, chondroitin sulfate and heparan sulfate), 

proliferation and cell differentiation (Holster et al., 

2007). Interestingly, it has verified that fibrillar 

proteins such as type IV collagen play important 

role in repair embryonic wounds without remaining 

scar (Campos et al., 2008; Figus et al., 2007). 

Based on our data, it seems that proteins of 

basement membrane synthesis are required for 

glomerular epithelium formation. Among them, 

type IV collagen is the most remarkable component 

of glomerular basement membrane synthesizes 

under inductions mechanisms and it reserved in 

glomerular primordium. 
Kidneys are the most important part of urinary 

tract that its mesenchyme forms tubular epithelium 

and renal glomerular during different stages of 

renal morphogenesis (Abrass et al., 2006; Barasch 

et al., 1999). The embryologic studies show that 

rudimentary glomerulus appears on 13.5 day of 

gestation in mouse (Sukhatme et al., 1993). The 

immunohistochemistry studies of glomerular 

endothelial formation showed that type IV collagen 

was first indicated weak reaction on 15 day of 

gestation. This represents that vessel endothelial 

formation in glomeruls is required macromolecules 

of basement membrane especially type IV collagen 

which plays a crucial rolein this process (Mejelle et 

al., 2007). Our data indicated that type IV collagen 

not only increased during final stage of embryonic 

but also followed on 1-10 of postnatal days. 

Based on the previous studies it have been shown 

that basement membrane density may change by 

factors such as long-time activity of kidney and 

increasing age (Gulber et al., 2008). The studies 

also have revealed that in pathological condition, 

such as diabetes, renal failure influence on 

thickness of basement membrane and density of 

collagen (Funabiki et al., 1998). At this period of 

time, it have been proved that former protein, is 

effective on glomerular formation and renal 

filtration at early stages of kidney development and 

contributes in an immune response by signal 

transduction to adjacent tissues and extra cellular 

matrix that increase thickness of basement 

membrane and collagen density (Borza et al., 

2007). Although this autoimmune response 

supports glomerular endothelium against chemical 

factors, it may results in decline of glomerular 

filtration and renal failure in acute cases. It have 

been believed that compositions of basement 

membrane play a structural role in epithelial cells, 

while have been distinguished basement membrane 

plays complexity roles in cell behavior such as 

development, proliferation, morphogenesis, 

metabolism and pathologic changes (Gullberg et 

al., 1995). Extra cellular matrix contributes in 

different cellular activities such as adhesion, 

migration and signal transduction (Hurle et al. 1989 

and Chohen et al., 2007).  

In extra cellular matrix, there are 2 groups of 

fibrillar proteins in extra cellular matrix, structural  

proteins such as collagen and elastin. The second 

one are the proteins that play adhesion role such as 

laminin and fibronectin (Olson et al., 1991). 

Among these proteins, collagens are the most 

abundant component of extra cellular matrix. At 

least 19 types of collagen have been distinguished 

so far. Type IV collagen is the most important type 

of collagen in extra cellular matrix that its crucial 

role were discussed before. It has been identified 

that various types of collagen contributes in 

different morphologic process. The researches have 

shown that collagens induce endothelial cells to 

tubular ducts formation (Maeshima et al., 2006). 

Type II collagen may plays a role in epithelial- 

mesenchyme interactions that induce to form 

cytoskeleton (Ishibe et al., 1989). Type VI collagen 

probably causes cell-matrix interactions and 

cytoskeleton turn over in fibroblasts that increase 

cell surface during development (Doane et al., 

1992). The studies indicate that extra cellular 

matrix causes specialized functions in different 

tissues. For example, the hepatocytes should 

contact to extra cellular matrix and basement 

membrane that synthesize specific proteins. Also, 

numerous rowth factors and hormones transduct 

signals via binding to extra cellular matrix (Zahang 

et al., 2007). On the other hand, it is important 

understanding relation between extra cellular 

matrix and functional mechanism of growth factors, 

pathogenesis of diseases and finding new 

therapeutics (Favor et al., 2007). The increasing 

type IV collagen represents that glomerular 

development is dependent to this type of collagen 

which appeared during mesangeal formation. 

Collagen detection on 15 days of gestation in 

glomerular basement membrane and its increase 

during next days, suggest that gelumerular 

development is dependent to basement membrane 

formation.  
 



 Journal of Cell and Molecular Research  95 

Acknowledgement 
 

This work was supported by research grant 

Number 87040 from office of Vice-Chancellor for 

Research Affairs of Zabol University of Medical 
Sciences and office of Vice-Chancellor for 

Research Affairs of Mashhad University of Medical 

Sciences and the authors wish to thank them for 

their financial support. We also wish to thank Mrs. 

Motejadded for her excellent technical assistance. 

 

References 
 

1- Abrass C. K., Berfield A. K., Ryan M. C., Carter W. 

G. and Hansen K.M. (2006) Abnormal development of 

glomerular endothelial and mesangial cells in mice 

with targeted disruption of the lama3 gene. Kidney 

International 70(6): 1062-1071. 

2- Barasch J., Yang J., Ware C. B., Taga T., Yoshida K., 

Erdjument-Bromage H., Tempst P., Parravicini E., 

Malach S., Aranoff T. and Oliver J. A.  (1999) 

Mesenchymal to epithelial conversion in rat 

metanephros is induced by LIF. Cell 99: 377–386. 

3- Berkholtz C. B., Lai B. E., Woodruff T. K. and Shea 

L. D. (2006) Distribution of extracellular matrix 

proteins type I collagen, type IV collagen, fibronectin, 

and laminin in mouse folliculogenesis. Histochemistry 

and Cell Biology 126(5): 583-592. 

4- Borza D. B. (2007) Autoepitopes and alloepitopes of 

type IV collagen: role in the molecular pathogenesis of 

anti-GBM antibody glomerulonephritis. Nephron. 

Experimental  Nephrology 106 (2): 37-43. 

5- Campos A. C., Groth A. K. and Branco A. B. (2008) 

Assessment and nutritional aspects of wound healing. 

Current Opinion in Clinical Nutrition and Metabolic 

Care 11(3):281-288. 

6- Carnegie J. A. and Cabaca O. (1991) The influence of 

extracellular matrix components on the proliferation 

and migration of inner cell mass-derived parietal 

endodermal cells. Biology of Reproduction 45(4): 

572-580. 

7- Carnegie J. A. and Cabaca O. (1993) Extracellular 

matrix composition and resilience: two parameters that 

influence the in vitro migration and morphology of rat 

inner cell mass-derived cells. Biology of Reproduction 

48(2): 287-299. 

8- Chai Q., Krag S., Miner J. H., Nyengaard J. R., Chai 

S. and Wogensen L. (2003) TGF-beta1 induces 

aberrant laminin chain and collagen type IV isotype 

expression in the glomerular basement membrane. 

Nephron. Experimental Nephrology 94(4): 123-136. 

9- Cohen M. P., Lautenslager G. T., Hud E., Shea E., 

Wang A., Chen S. and Shearman C. W. (2007) 

Inhibiting albumin glycation attenuates dysregulation 

of VEGFR-1 and collagen IV subchain production and 

the development of renal insufficiency. American 

Journal Physiology Renal Physiology 292(2): 789-

795.  

10- Cosgrove D., Meehan D. T., Delimont D., Pozzi A., 

Chen X., Rodgers K. D., Tempero R. M., Zallocchi M. 

and Rao V. H. (2008) Integrin alpha1beta1 regulates 

matrix metalloproteinases via P38 mitogen-activated 

protein kinase in mesangial cells: implications for 

Alport syndrome. American Journal Pathology 172(3): 

761-773. 

11- Doane K. J, Yang G. and Birk D. E. (1992) Corneal 

cell matrix interaction type VI collagen promotes 

adhesion and spreading of corneal fibroblast. 

Experimental Cell Research 200: 490-499. 

12- Favor J., Gloeckner C. J., Janik D., Klempt M., 

Neuhäuser-Klaus A., Pretsch W., Schmahl W. and 

Quintanilla-Fend L. (2007) Type IV procollagen 

missense mutations associated with defects of the eye, 

vascular stability, the brain, kidney function and 

embryonic or postnatal viability in the mouse, Mus 

musculus: an extension of the Col4a1 allelic series and 

the identification of the first two Col4a2 mutant 

alleles. Genetics 175(2): 725-736.  

13- Figus A., Leon V. J., Philip B. and Dziewulski P. 

(2007) Severe multiple extensive postburn 

contractures: a simultaneous approach with total scar 

tissue excision and resurfacing with dermal 

regeneration template. Journal of Burn Care and 

Research 28(6): 913-917. 

14- Firth N. A. and Reade P. C. (1996) The prognosis of 

oral mucosal squamous cell carcinomas: a comparison 

of clinical and histopathological grading and of 

laminin and type IV collagen staining. Australian 

Dental Journal 41(2): 83-86. 

15- Funabiki K., Makita Y., Yamamoto M., Shike T., 

Fukui M., Sumiyoshi Y. and Tomino Y. (1998) 

Dissociated expression of collagen type IV subchains 

in diabetic kidneys of KKAy mice. Nephron 80 (2): 

208-213. 

16- Gubler M. C. (2008) Inherited diseases of the 

glomerular basement embrane. Natural Clinical 

Practical Nephrology 4(1):24-37. 

17- Gullberg D. and Ekblom P. (1995) Extracellular 

matrix and its receptors during development. The 

International Journal of Devevelopmental Biology  39: 

845-854. 

18- Holster T., Pakkanen O., Soininen R., Sormunen R., 

Nokelainen M., Kivirikko K. I. and Myllyharju J. 

(2007) Loss of assembly of the main basement 

membrane collagen, type IV, but not fibril-forming 

collagens and embryonic death in collagen prolyl 4-

hydroxylase I null mice. The Journal of Biological 

Chemistry 282(4): 2512-2519.  

19- Horacek M. J., Thompson J. C., Dada M. O. and 

Terracio L. The extracellular matrix components 

laminin, fibronectin, and collagen IV are present 

among the epithelial cells forming Rathke's pouch. 

Acta Anatomica 147(2): 69-74. 

20- Ishibe T., Seongchae I. and Yoo J. (1989) Type II 

collagen distribution in the ear of the developing chick 

embryo. Laryngoscope 99: 547-553. 

21- Khoshnoodi J., Pedchenko V. and Hudson B. G. 

(2008) Mammalian collagen IV. Microsc Reserch 

Technology 71(5): 357-370. 

22- Langmaier F., Meladek M., Kolomaznik K. and 

Sukop S. (2001) Collagenous hydrolysates from 



96 Pattern of collagen IV expression in glomerular and … 

untraditional sources of proteins. Reaction condition 

and the yield of enzymatic hydrolysis of short cattle 

tendons. International Journal of Cosmetic Science 

23(4): 201-206. 

23- Maeshima A., Sakurai H. and Nigma S. K. (2006) 

Adult kidney tubular cell population showing 

phenotypic plasticity, tubulogenic capacity, and 

integration capability into developing kidney. Journal 

of American Society of Nephrology 17(1): 188-198. 

24- Mates L., Nicolae C., Morgelin M., Deak F., Kiss I. 

and Aszodi A. (2004) Mice lacking the extracellular 

matrix adaptor protein matrilin-2 develop without 

obvious abnormalities. Matrix Biology 23(3): 195-

204. 

25- Ment L. R., Stewart W. B., Ardito T. A. and Madri J. 

A. (1991) Beagle pup germinal matrix maturation 

studies. Stroke 22(3): 390-395. 

26- Mjelle J. E., Rekvig O. P. and Fenton K. A. (2007) 

Nucleosomes possess a high affinity for glomerular 

laminin and collagen IV and bind nephritogenic 

antibodies in murine lupus-like nephritis. Annal of the 

Rheumatic Disease 66(12): 1661-1668. 

27- Olson A. D., Pysher T. and Bienkowski R. (1991) 

Organization of intestinal epithelial cells into multi 

cellular structure requires laminin and functional actin 

microfilament. Experimental Cell Research 192: 543-

549. 

28- Paralkar V. M., Vukicevic S. and Reddi A. H. (1991) 

Transforming growth factor beta type 1 binds to 

collagen IV of basement membrane matrix: 

implications for development. Developmental Biology 

143(2): 303-8. 

29- Poschl E., Schlotzer-Schrehardt U., Brachvogel B., 

Saito K., Ninomiya Y. and Mayer U. (2004) Collagen 

IV is essential for basement membrane stability but 

dispensable for initiation of its assembly during early 

development. Development 131(7): 1619-1628. 

30- Thesleff I., Stenman S., Vaheri A. and Timple R. 

(1979) Changes in the Matrix Proteins, Fibronectin 

and Collagen, during Differentiation of Mouse Tooth 

Germ. Devmental Biology, 70: 116-126. 

31- Sukhatme V. P. (1993). Renal development: 

challenge and opportunity. Seminars in Nephrology 

13: 422–426. 

32- Zhang H. J., Tai G. X., Zhou J., Ma D. and Liu Z. H. 

(2007) Regulation of activin receptor-interacting 

protein 2 expression in mouse hepatoma Hepa1-6 cells 

and its relationship with collagen type IV. World 

Journal of Gastroenterology 13(41): 5501-5505. 

 

 


