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Abstract
Introduction: Nephrotoxicity, as a side effect of antineoplastic treatment, can occur in childhood cancer survivors 
(CCSs). It worsens their quality of life especially if it leads to chronic kidney disease (CKD). Collagen turnover is known 
to be disturbed in CKD. Urinary type IV collagen (U-Col4) is recognized as an exponent of extracellular matrix synthesis 
and degradation in glomeruli and is thus involved in this turnover. The purpose of this study was to evaluate the useful-
ness of U-Col4 in assessing early renal impairment in CCSs.
Material and methods: Seventy-eight CCSs, without CKD, bilateral kidney tumors, congenital kidney defects, urinary 
tract infections and diabetes, at least one year after ending antineoplastic treatment, and aged 1–18 years, were 
divided into three groups: 1) patients after nephroblastoma treatment (n = 18); 2) patients after other solid tumors 
treatment (n = 42); and 3) patients after anti-hamatopoietic and lymphatic system proliferative treatment (n = 18). 
Concentrations of creatinine and cystatin C in serum, and of albumin, creatinine, N-acetyl-β-D-glucosaminidase (NAG), 
and U-Col4 in urine, were measured, and a general urine analysis was performed. The albumin-creatinine ratio (ACR), 
the urine U-Col4/creatinine ratio, the urine NAG/creatinine ratio and the estimated glomerular filtration rate were  
according to the Schwartz  and the Filler equations were calculated.
Results: We did not find any differences between the groups in the evaluated biochemical parameters. Weak negative 
correlations were found between U-Col4 and urine NAG/creatinine ratio (p = 0.02, R = –0.27) and ACR (p = 0.00,  
R = –0.39).
Conclusions: Evaluation of the usefulness of U-Col4 in assessing early renal impairment in CCSs requires further study. 
CCSs should be monitored for potential complications of antineoplastic treatment, even many years after its completion.
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Introduction

Due to recent improvements in pediatric cancer treatment, 
the necessity of monitoring the long-term sequelae of anti-
neoplastic treatment has become increasingly important.

Nephrotoxicity is one of the most common late sequel-
ae of oncological treatment: based on meta-analyses per-
formed by Kooijmans et al. [1], its prevalence can be up to 
80%. According to Krawczuk-Rybak et al.’s study [2] con-
cerning the health status of Polish childhood cancer survi-
vors (CCSs), urinary system toxicities increase with longer 
the follow-up (FUP) time — from 19.2% (FUP <2 years) to 
23.0% (FUP 2–4 years), 32.7% (FUP 5–10 years), 34.9% 
(FUP 11–15 years), and 47.6% (FUP >15 years).

The pathomechanism of renal injury in pediatric onco-
logical patients depends on the kind of disease including 
the cancer itself (tumor infiltration, urinary tract obstruction 
etc.), diagnostic procedures, multimodal therapy including 
chemotherapy (e.g. cisplatin, carboplatin, ifosfamide), ra-
diotherapy, immunotherapy, surgery (e.g. nephrectomy), 
and supportive treatment [3]. In addition, deviations in 
antineoplastic treatment implementation are associated 
with an increased risk of death or relapse [4].

All of the factors mentioned above, alone or together, 
can cause glomerular filtration rate (GFR) impairment, tu-
bulopathy, and hypertension [1]. Glomerular hyperfiltra-
tion is well documented as a long-term consequence of 
nephrectomy [5–8].

In turn, case reports in CCSs have described protein-
uria, hypertension and progressive chronic kidney disease 
(CKD) due to focal glomerulosclerosis, most likely as a con-
sequence of hyperfiltration [9–11].

The complicated and varied pathomechanisms of neph-
rotoxicity require new markers to reflect the changes taking 
place in the kidneys, and are thus useful in clinical assess-
ment. Over the last two decades, many markers have been 
tested to find the most sensitive and specific indicators of 
drug-induced nephrotoxicity [12]. One of these is urinary 
type IV collagen (U-Col4) — the main component of the glo-
merular basement membrane (GBM) and the extracellular 
matrix (ECM) [13]. Loss of balance between ECM protein 
synthesis and degradation in CKD leads to fibrosis, and is 
associated with changes in collagen turnover processes. 
There are studies showing that subgroups of patients, dif-
fering in terms of the severity and course of CKD, can be 
identified based on these disturbances [14]. The best evi-
dence that U-Col4 is a good marker of CKD comes from 
patients with diabetes. Together with albumin excretion, 
U-Col4 is used to monitor the development and progres-
sion of diabetic nephropathy, especially in type 2 diabetes 
[15–17]. It is also recognized as a good marker of CKD 
progression in the course of hypertension [18].

The aim of this study was to evaluate the excretion of 
U-Col4 and established parameters of kidney function and 

to determine its usefulness as a marker of early renal im-
pairment in CCSs.

Material and methods

Characteristics of patients
Seventy-eight CCSs were included in the study. All of these 
children were patients of the Department of Pediatrics, 
Hematology and Oncology, Medical University of Gdansk, 
Poland. The inclusion criteria of the study were: age  
<18 years and a minimum of one year after antineoplastic 
treatment. The exclusion criteria were: age <1 year, CKD, 
bilateral kidney tumors, congenital kidney defects, urinary 
tract infections, diabetes and pregnancy.

The study population was aged between 17 and 
215 months, with a median age and IQR of 133.5 (71.0÷173.0) 
months. There were 45 boys and 33 girls (58% and 42%). 
The study population was divided into three groups: Group 
1 — patients after nephroblastoma treatment (n = 18); Group 
2 — patients after other solid tumor treatment (n = 42, neu-
roblastomas — 19, rhabdomyosarcomas — 8, hepatoblasto-
mas — 6, brain tumors — 4, germ cell tumors — 3, osteosar-
coma — 1, Ewing’s sarcoma — 1); and Group 3 — patients  
after anti-hematopoietic and lymphatic system prolifera-
tive treatment (n = 18). During a routine visit to the de-
partment, a medical history was taken, and physical ex-
aminations with measurements of body mass, height, 
and blood pressure as well as laboratory tests were per-
formed. The albumin-creatinine ratio (ACR), urine U-Col4/ 
/creatinine ratio, urine acety-β-D-glucosaminidase (NAG)/ 
/creatinine ratio, and estimated glomerular filtration rate 
(eGFR) were according to the Schwartz and the Filler equa-
tions were calculated.

Blood pressure measurements
Blood pressure (BP) was measured three times by means 
of the oscillometric technique. The average values of sys-
tolic and diastolic pressure were calculated and compared 
against the reference standards for age, sex, and height. 
The following were used as reference standards: for chil-
dren aged 1–6.5 years, the Age-based Pediatric Blood 
Pressure Reference Charts of Baylor College of Medicine; 
and for children >6.5 years, the OLAF calculator of The 
Children’s Memorial Health Institute.

Laboratory tests
The measurements were performed by the Central Clinical 
Laboratory of the University Clinical Centre in Gdansk and 
the Department of Clinical Nutrition, Medical University of 
Gdansk. Concentrations of creatinine (creatinines), and cys-
tatin C (cystatins) were measured in a single blood sample, 
and creatinine (creatinineu), albumin (albuminu), NAG and 
U-Col4 were measured in a single urine sample. Urine 
analysis was also performed. Creatinines and creatinineu 
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were assessed with the immunoenzymatic method (Abbott 
Laboratories, Warsaw, Poland), cystatins with the immu-
nonephelometric method (Siemens Healthcare, Warsaw, 
Poland), albuminu with the turbidimetric method (Abbott 
Laboratories, Warsaw, Poland) and U-Col4 with the immuno-
enzymatic method (Uscn Life Science Inc., Wuhan, China).

Equations

eGFRSch = 41.3 × (                     )creatinines

H

cystatins

1log eGFRF = 1.962 + [1.123 × log (                  )]

creatinineu × 0.01
albuminuACR =

where: eGFR — estimated glomerular filtration rate [mL/ 
/min/1.73 m2]; H — height [m]; creatinines — serum creati-
nine level [mg/dL]; cystatins — serum cystatin C level [mg/L]; 
ACR — albumin-creatinine ratio; albuminu — urine albumin 
level [mg/dL]; creatinineu — urine creatinine level [mg/dL].

Statistical analyses
The obtained results were analysed statistically. A normal 
distribution of the data was verified with the Shapiro-Wilk 
test. Parameters are presented as the median value and 
interquartile range (IQR). A non-parametric Kruskal-Wallis 
test was performed to compare groups. A correlation analy-
sis was performed using Spearman’s method. The level 
of significance was considered to be p <0.05. Statistical 
analysis was performed using Dell Statistica software (Dell 
Inc.), version 13.

Ethics Committee
This study was approved by the Independent Bioethi-
cal Committee of Scientific Researchers at the Medical 
University of Gdansk (NKBBN/417/2014-28 October 

2014). Written informed consent was obtained from the 
legal guardians of the children and from those aged over  
16 years.

Results

The groups were similar in terms of age, sex, time at which 
treatment ended, body mass, height, systolic and diastolic 
blood pressure (SBP, DBP). The median time after the end 
of the anti-neoplastic treatment was 51.5 months in Group 
1, 57.0 months in Group 2, and 39.0 months in Group 3. 
None of the studied patients met the clinical and labora-
tory criteria for a CKD diagnosis. The exact characteris-
tics of the groups are set out in Table I. The assessment  
of BP is presented in Table II. Table III shows the values 
of the renal parameters obtained in each of the studied 
groups.

There were no statistically significant differences in the 
concentrations of U-Col4 or the U-Col4/creatinineu ratio 
between the groups. There were no statistically significant 
differences in creatinines cystatins, albuminu creatinineu, 
ACR or eGFR calculated using both formulas between the 
groups. There were weak negative correlations between  
U-Col4 and the NAG/creatinineu ratio (p = 0.02, R = –0.27) 
and between U-Col4 and ACR (p = 0.00, R = –0.39). Thus, 
there was also a moderate positive correlation between  
U-Col4/creatinineu ratio and the NAG/creatinineu ratio (p =  
= 0.00, R = 0.58), and a weak positive correlation between 
the U-Col4/creatinineu ratio and ACR (p = 0.00, R = 0.37). 
No other correlations between the assessed parameters 
were found.

Discussion

In the present study, we tried to answer whether U-Col4 is 
useful in assessing early renal impairment in CCSs. Our 

Table I. Age, time from end of treatment, body weight in study groups

Characteristics Group 1* Group 2** Group 3*** p-value

Age [months] 115.5 (94.0÷173.0) 126.0 (70.0÷173.0) 153.0 (80.0÷172.0) 0.50

Time from end of treatment [months] 51.5 (24.0÷135.0) 57.0 (26.0÷86.0) 39.0 (14.0÷53.0) 0.13

Body weight [percentile] 46.0 (15.3÷74.0) 61.0 (23.0÷87.0) 55.5 (22.0÷85.0) 0.64

Height [percentile] 53.0 (29.0÷86.0) 45.0 (20.0÷79.0) 51.5 (32.0÷69.0) 0.80
*Patients after nephroblastoma treatment; **patients after other solid tumors treatment; ***patients after anti-hematopoietic and lymphatic system proliferative treatment

Table II. Blood pressure (BP) in study groups

BP Group 1* Group 2** Group 3*** p-value

SBP [percentile] 64.5 (34.0÷93.0) 60.0 (38.0÷81.0) 63.0 (32.0÷95.0) 0.89

DBP [percentile] 89.5 (55.0÷97.0) 81.0 (60.0÷91.0) 74.0 (63.0÷85.0) 0.55
*Patients after nephroblastoma treatment; **patients after other solid tumors treatment; ***patients after anti-hematopoietic and lymphatic system proliferative treatment; SBP — systolic blood pressure; 
DBP — diastolic blood pressure
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study is the first to evaluate U-Col4 in CCSs. The study 
group was homogeneous. None of the patients studied 
were diagnosed with CKD, hypertension, microalbuminuria 
or diabetes. Although for the purposes of the analysis we 
singled out patients after treatment, because nephroblas-
toma brings a potentially higher risk of nephrotoxicity, the 
parameters of renal function, including U-Col4, as well as 
the U-Col4/creatinineu ratio, were not significantly different 
between the groups. The main findings of our study are the 
correlations between U-Col4 and NAG/creatinineu ratio and 
between the U-Col4 and ACR.

Due to its relatively high molecular weight (540 kDa),  
U-Col4 is not filtered by the GBM [19]. Therefore, it is thought 
that its urinary excretion reflects the rate of matrix synthe-
sis and degradation [20, 21]. There have been reports that 
low concentrations of U-Col4 can be found in the urine of 
healthy people [21]. Collagen excretion is thought to be 
little affected by factors such as fever, exercise, elevated 
blood pressure, lipid levels (versus albumin) or muscle 
mass (versus creatinine) ([22, 23]). Age also seems ir-
relevant. The study by Nkuipou-Kenfack et al. found that 
among 116 peptides identified in the urine of a Japanese 
general population that showed a significant association 
with aging, type IV alpha-1 and alpha-3 basement mem-
brane collagens accounted for only 2% [24].

In experimental studies on cultured mesangial cells, 
type IV collagen synthesis was induced by hypoxia and hy-
perglycemia [25]. In an animal model of CKD, proximal tu-
bule cells were involved in collagen deposition in the peri-
tubular space, confirming that collagen is involved in both 
glomerular and tubular damage [26]. This is why the cor-
relation of U-Col4 and the NAG/creatinineu ratio that we 
have shown is particularly interesting. NAG is a glycosidase 
derived from proximal tubule epithelial cells. It is a specific 
marker of these cells. As with collagen, the relatively high 
molecular weight of NAG prevents its filtration by the GBM. 

An increase in NAG activity in urine may indicate damage 
to tubule cells [27].

U-Col4 appears to have several characteristics of a po-
tential marker of kidney damage. The possibility of its non-
invasive determination in a urine sample is an additional 
advantage particularly valuable in the pediatric population. 
Unfortunately, studies on U-Col4 have mainly concerned 
adults and diabetic nephropathy. U-Col4 concentration in-
creases in the early stages of diabetic nephropathy, which is 
associated with both GBM thickening and fibrotic response 
in the course of the disease [22, 28]. According to the study 
by Cawood et al. [29], of three biomarkers of glomerular 
fibrosis [i.e. collagen IV, α-glutathione-S-transferase (GST), 
and πGST] that they tested in diabetic patients, the most 
common abnormality was elevated levels of U-Col4. The 
percentage of patients with abnormal collagen levels in-
creased gradually in groups from normo- through micro- 
to macroalbuminuria (26%, 58%, 65%, respectively) [29].

Other studies have found that increased U-Col4 levels 
in diabetic patients precede the onset of microalbuminuria. 
Furumatsu et al. [30] further proved that urinary protein 
concentration is an independent factor affecting U-Col4 in 
patients with nondiabetic kidney disease. They observed 
higher collagen concentrations in membranous nephropa-
thies, with anti-neutrophil cytoplasmic antibodies (ANCA) 
and other diseases in which GBM is thickened [30].

No glycemic abnormalities and microalbuminuria were 
found in the patients we studied. Renal damage in patients 
after oncological treatment, as we mentioned, is the result 
of many factors. The different causes of kidney damage in 
these two clinical situations (i.e. diabetes and anti-neo-
plasm treatment) do not exclude the presence of similar 
morphological changes in the kidneys. According to the lit-
erature, glomerulopathy, as one of the components of dia-
betic nephropathy, is associated with increased U-Col4 ex-
cretion. Among the case reports in CCSs, especially after 

Table III. Renal assessment in study groups

Renal function parameter Group 1* Group 2** Group 3*** p-value

Creatinines [mg/dL] 0.6 (0.5÷0.8) 0.6 (0.4÷0.7) 0.5 (0.4÷0.7) 0.53

Cystatins [mg/L] 0.79 (0.8÷0.9) 0.8 (0.7÷0.9) 0.8 (0.7÷0.8) 0.12

eGFRSch [mL/min/1.73 m2] 95.1 (86.4÷104.7) 101.6 (87.4÷119.2) 116.2 (96.8÷126.9) 0.07

eGFRF [mL/min/1,73 m2] 119.4 (110.0÷124.7) 116.9 (103.1-139.0) 126.6 (119.4÷148.3) 0.12

Albuminu [mg/L] 8.2 (5.6÷24.5) 12.4 (5.8÷24.2) 14.7 (10.6÷22.0) 0.68

Creatinineu [mg/dL] 74.6 (56.0÷108.6) 68.2 (43.4÷104.9) 75.6 (64.0÷144.4) 0.57

ACR [mg/g creatinineu] 16.4 (9.9÷21.9) 16.4 (11.1÷46.2) 17.4 (8.4÷34.4) 0.76

NAG/creatinineu ratio [IU/g] 3.1 (2.3÷5.9) 5.4 (2.9÷9.5) 4.6 (2.0÷6.9) 0.13

U-Col4 [ng/mL] 10.2 (5.4÷21.3) 11.6 (7.4÷20.3) 13.3 (8.6÷15.9) 0.75

U-Col4/creatinineu ratio [ng/mg] 14.2 (8.8÷27.6) 16.1 (10.5÷34.9) 18.8 (9.5÷31.4) 0.62
*Patients after nephroblastoma treatment; **patients after other solid tumors treatment; ***patients after anti-hematopoietic and lymphatic system proliferative treatment; creatinines — serum creatinine 
level; cystatins — serum cystatin C level; eGFRSch — estimated glomerular filtration rate by Schwartz equation; eGFRF — estimated glomerular filtration rate by Filler equation; ACR — albumin-creatinine ratio; 
albuminu — urine albumin level; creatinineu — urine creatinine level; NAG — N-acetyl-β-D-glucosaminidase; U-Col4 — urinary type IV collagen
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nephrectomy, ours has found focal glomerulosclerosis lead-
ing to the development and progression of CKD [9]. Nev-
ertheless, in the current study, patients after Wilms tumor 
treatment did not differ from the other groups in terms of 
renal function parameters, including U-Col4.

Most likely, the most important influence on the results 
of our study was the relatively short time elapsed since the 
end of anticancer treatment. As reported by Krawczuk-Ry-
bak et al. [2], the risk of nephrotoxicity increases with the 
time elapsed since the end of treatment, and is highest 
after 15 years. In view of this, it would be valuable to ex-
tend our study through further prospective observations 
and assays. This idea is supported by a study by Kishi et al. 
[31] which showed that U-Col4 can be used as a predictor 
of worsening renal function in subjects without diabetes, 
overt proteinuria, or abnormal renal function. In their study, 
an abnormal U-Col4/creatinineu ratio was a significant and 
independent risk factor for a 10% change in eGFR over 
one year in patients with eGFR ≥80 mL/min/1.73 m2 [31].

Our study has some limitations, which may have signifi-
cantly impacted the results. These limitations include: the 
relatively small study population, the short time between 
the end of anti-neoplastic treatment and the time of the 
study, and the use of only single measurements of the pa-
rameters studied for analysis.

The question of the usefulness of U-Col4 in assessing 
early renal function damage in CCSs remains open. The re-
sults obtained in patients with diabetic nephropathy and 
other kidney diseases are encouraging. Each year, the CCSs 
population is growing. This population requires regular FUP 
visits and tests to assess their renal function even many 
years after the end of treatment. The identification of new 
markers of renal function may help increase the sensitiv-
ity and specificity of our diagnostics. Finding substances 
that reflect the structural changes that occur with kidney 
damage would be particularly important as an alternative 
to invasive and complication-laden kidney biopsies.

U-Col4 has this potential, but the confirmation of this 
will require further well-designed clinical trials. The results 
of those trials should give us an opportunity to improve the 
health and quality of life of CCSs.

Acknowledgments
We would like to give special thanks to the children and 
their parents for participating in our study.

Authors’ contributions
MJ — gathering data, writing article. MJ, JS — data analysis 
and interpretation, research concept and design. JS — 
critical revision of article, supervision, final approval. AO —  
biochemical analysis.

Conflict of interest
The authors declare no conflict of interest.

Financial support
This study was financed up to 10% with financial sources 
of the Department of Pediatrics, Hematology and Oncology, 
Medical University of Gdansk (No ST 02-0008/07).

Informed consent statement
Written informed consent was obtained from the legal 
guardians of the children and from those aged over 16.

Data availability statement
The analyzed data sets generated during this study are 
available from the corresponding author upon reasonable 
request for noncommercial use.

Ethics
The work described in this article has been carried out in 
accordance with The Code of Ethics of the World Medi-
cal Association (Declaration of Helsinki) for experiments 
involving humans; EU Directive 2010/63/EU for animal 
experiments and uniform requirements for manuscripts 
submitted to biomedical journals, and approved by the In-
dependent Bioethical Committee of Scientific Researchers 
at the Medical University of Gdansk (NKBBN/417/2014, 
28th October 2014).

References

1.	 Kooijmans ECm, Bökenkamp A, Tjahjadi NS, et al. Early and late ad-
verse renal effects after potentially nephrotoxic treatment for child-
hood cancer. Cochrane Database Syst Rev. 2019; 3(3): CD008944, 
doi: 10.1002/14651858.CD008944.pub3, indexed in Pubmed: 
30855726.

2.	 Krawczuk-Rybak M, Panasiuk A, Stachowicz-Stencel T, et al. Health 
status of Polish children and adolescents after cancer treatment. Eur 
J Pediatr. 2018; 177(3): 437–447, doi: 10.1007/s00431-017-3066-x, 
indexed in Pubmed: 29273944.

3.	 Skinner R. Late renal toxicity of treatment for childhood malignancy: 
risk factors, long-term outcomes, and surveillance. Pediatr Nephrol. 
2018; 33(2): 215–225, doi: 10.1007/s00467-017-3662-z, indexed 
in Pubmed: 28434047.

4.	 Puła A, Zdunek M, Michalczyk K, et al. Chemotherapy delays in chil-
dren with acute lymphoblastic leukemia might influence the outcome 
of treatment. Acta Haematologica Polonica. 2022; 53(2): 141–148, 
doi: 10.5603/ahp.a2022.0007.

5.	 Donckerwolcke RM, Coppes MJ. Adaptation of renal function after 
unilateral nephrectomy in children with renal tumors. Pediatr Nephrol. 
2001; 16(7): 568–574, doi: 10.1007/s004670100615, indexed in 
Pubmed: 11465806.

6.	 Romao RLP, Lorenzo AJ. Renal function in patients with Wilms tumor. 
Urol Oncol. 2016; 34(1): 33–41, doi: 10.1016/j.urolonc.2015.07.002, 
indexed in Pubmed: 26278364.

7.	 Green DM, Wang M, Krasin MJ, et al. Long-term renal function after 
treatment for unilateral, nonsyndromic Wilms tumor. A report from 
the St. Jude Lifetime Cohort Study. Pediatr Blood Cancer. 2020; 
67(10): e28271, doi: 10.1002/pbc.28271, indexed in Pubmed: 
32706494.

https://journals.viamedica.pl/acta_haematologica_polonica
http://dx.doi.org/10.1002/14651858.CD008944.pub3
https://www.ncbi.nlm.nih.gov/pubmed/30855726
http://dx.doi.org/10.1007/s00431-017-3066-x
https://www.ncbi.nlm.nih.gov/pubmed/29273944
http://dx.doi.org/10.1007/s00467-017-3662-z
https://www.ncbi.nlm.nih.gov/pubmed/28434047
http://dx.doi.org/10.5603/ahp.a2022.0007
http://dx.doi.org/10.1007/s004670100615
https://www.ncbi.nlm.nih.gov/pubmed/11465806
http://dx.doi.org/10.1016/j.urolonc.2015.07.002
https://www.ncbi.nlm.nih.gov/pubmed/26278364
http://dx.doi.org/10.1002/pbc.28271
https://www.ncbi.nlm.nih.gov/pubmed/32706494


Acta Haematologica Polonica 2023, vol. 54, no. 4

www.journals.viamedica.pl/acta_haematologica_polonica240

8.	 Stefanowicz J, Kosiak M, Romanowicz G, et al. Glomerular filtration 
rate and prevalence of chronic kidney disease in Wilms’ tumour survi-
vors. Pediatr Nephrol. 2011; 26(5): 759–766, doi: 10.1007/s00467-
011-1759-3, indexed in Pubmed: 21279390.

9.	 Welch TR, McAdams AJ. Focal glomerulosclerosis as a late sequela of 
Wilms tumor. J Pediatr. 1986; 108(1): 105–109, doi: 10.1016/s0022-
3476(86)80781-8, indexed in Pubmed: 3003314.

10.	 Mahmoud AA, Elsalam HB, El-Deeb SM, et al. Evaluation of kid-
ney dysfunction in childhood cancer survivors. Pediatr Res. 2022; 
92(6): 1689–1694, doi: 10.1038/s41390-022-02015-w, indexed in 
Pubmed: 35338352.

11.	 Schiavetti A, Altavista P, De Luca L, et al. Long-term renal function in 
unilateral non-syndromic renal tumor survivors treated according to 
International Society of Pediatric Oncology protocols. Pediatr Blood 
Cancer. 2015; 62(9): 1637–1644, doi: 10.1002/pbc.25558, indexed 
in Pubmed: 25893525.

12.	 Gentile G, Remuzzi G. Novel biomarkers for renal diseases? None 
for the moment (but one). J Biomol Screen. 2016; 21(7): 655–670, 
doi: 10.1177/1087057116629916, indexed in Pubmed: 26950928.

13.	 Genovese F, Manresa AA, Leeming DJ, et al. The extracellular matrix 
in the kidney: a source of novel non-invasive biomarkers of kidney fi-
brosis? Fibrogenesis Tissue Repair. 2014; 7(1): 4, doi: 10.1186/1755-
1536-7-4, indexed in Pubmed: 24678881.

14.	 Rasmussen DG, Boesby L, Nielsen SH, et al. Collagen turnover profiles 
in chronic kidney disease. Sci Rep. 2019; 9(1): 16062, doi: 10.1038/
s41598-019-51905-3, indexed in Pubmed: 31690732.

15.	 Morita M, Hanai K, Uchigata Y. Urinary type IV collagen as a pre-
dictor for the incidence of microalbuminuria in young patients with 
Type 1 diabetes. Diabet Med. 2014; 31(2): 213–218, doi: 10.1111/
dme.12317, indexed in Pubmed: 24103009.

16.	 Balu Mahendran K, Vijaya Bhaskar M, Santha K, et al. Plasma and 
urinary type IV collagen levels for early detection of nephropathy in 
type 2 diabetes mellitus patients. Int J Health Sci (Qassim). 2016; 
10(4): 492–498, indexed in Pubmed: 27833513.

17.	 Matheson A, Willcox MDP, Flanagan J, et al. Urinary biomarkers involved 
in type 2 diabetes: a review. Diabetes Metab Res Rev. 2010; 26(3): 
150–171, doi: 10.1002/dmrr.1068, indexed in Pubmed: 20222150.

18.	 Iida M, Yamamoto M, Ishiguro YS, et al. Urinary type IV collagen is re-
lated to left ventricular diastolic function and brain natriuretic peptide 
in hypertensive patients with prediabetes. J Diabetes Complications. 
2014; 28(6): 824–830, doi: 10.1016/j.jdiacomp.2014.08.005, in-
dexed in Pubmed: 25217792.

19.	 Takizawa H, Satoh T, Kurusu A, et al. Increase of urinary type IV col-
lagen in normoalbuminuric patients with impaired glucose tolerance. 
Nephron. 1998; 79(4): 474–475, doi: 10.1159/000045096, indexed 
in Pubmed: 9689166.

20.	 Donovan KL, Coles GA, Williams JD. An ELISA for the detection of 
type IV collagen in human urine – application to patients with glo-
merulonephritis. Kidney Int. 1994; 46(5): 1431–1437, doi: 10.1038/
ki.1994.415, indexed in Pubmed: 7853804.

21.	 Tomino Y. Urinary type-IV collagen. Contrib Nephrol. 2001; 134: 85– 
–87, indexed in Pubmed: 11665294.

22.	 Okonogi H, Nishimura M, Utsunomiya Y, et al. Urinary type IV collagen 
excretion reflects renal morphological alterations and type IV collagen 
expression in patients with type 2 diabetes mellitus. Clin Nephrol. 
2001; 55(5): 357–364, indexed in Pubmed: 11393380.

23.	 Ishimitsu T, Murayama N, Meguro T, et al. Urinary excretions of albu-
min and type IV collagen in normotensive and hypertensive subjects. 
Hypertens Res. 2000; 23(5): 459–466, doi: 10.1291/hypres.23.459, 
indexed in Pubmed: 11016800.

24.	 Nkuipou-Kenfack E, Bhat A, Klein J, et al. Identification of ageing-asso-
ciated naturally occurring peptides in human urine. Oncotarget. 2015; 
6(33): 34106–34117, doi: 10.18632/oncotarget.5896, indexed in 
Pubmed: 26431327.

25.	 Sodhi CP, Phadke SA, Batlle D, et al. Hypoxia and high glucose 
cause exaggerated mesangial cell growth and collagen synthesis: 
role of osteopontin. Am J Physiol Renal Physiol. 2001; 280(4): F667– 
–F674, doi: 10.1152/ajprenal.2001.280.4.F667, indexed in 
Pubmed: 11249858.

26.	 Kimura M, Asano M, Abe K, et al. Role of atrophic changes in 
proximal tubular cells in the peritubular deposition of type IV col-
lagen in a rat renal ablation model. Nephrol Dial Transplant. 2005; 
20(8): 1559–1565, doi: 10.1093/ndt/gfh872, indexed in Pubmed: 
15870225.

27.	 Lisowska-Myjak B. Laboratoryjne wskaźniki ostrego uszkodzenia ner-
ek oznaczane w moczu i w surowicy. Forum Nefrol. 2010; 3(2): 71–81.

28.	 Ellis D, Forrest KY, Erbey J, et al. Urinary measurement of transform-
ing growth factor-beta and type IV collagen as new markers of renal 
injury: application in diabetic nephropathy. Clin Chem. 1998; 44(5): 
950–956, indexed in Pubmed: 9590367.

29.	 Cawood TJ, Bashir M, Brady J, et al. Urinary collagen IV and πGST: 
potential biomarkers for detecting localized kidney injury in dia-
betes — a pilot study. Am J Nephrol. 2010; 32(3): 219–225, doi: 
10.1159/000317531, indexed in Pubmed: 20664197.

30.	 Furumatsu Y, Nagasawa Y, Shoji T, et al. Urinary type IV collagen in 
nondiabetic kidney disease. Nephron Clin Pract. 2011; 117(2): c160– 
–c166, doi: 10.1159/000319794, indexed in Pubmed: 20699621.

31.	 Kishi F, Nagai K, Takamatsu N, et al. Urinary type IV collagen excretion 
is involved in the decline in estimated glomerular filtration rate in the 
Japanese general population without diabetes: A 5-year observation-
al study. PLoS One. 2018; 13(4): e0195523, doi: 10.1371/journal.
pone.0195523, indexed in Pubmed: 29624611.

https://journals.viamedica.pl/acta_haematologica_polonica
http://dx.doi.org/10.1007/s00467-011-1759-3
http://dx.doi.org/10.1007/s00467-011-1759-3
https://www.ncbi.nlm.nih.gov/pubmed/21279390
http://dx.doi.org/10.1016/s0022-3476(86)80781-8
http://dx.doi.org/10.1016/s0022-3476(86)80781-8
https://www.ncbi.nlm.nih.gov/pubmed/3003314
http://dx.doi.org/10.1038/s41390-022-02015-w
https://www.ncbi.nlm.nih.gov/pubmed/35338352
http://dx.doi.org/10.1002/pbc.25558
https://www.ncbi.nlm.nih.gov/pubmed/25893525
http://dx.doi.org/10.1177/1087057116629916
https://www.ncbi.nlm.nih.gov/pubmed/26950928
http://dx.doi.org/10.1186/1755-1536-7-4
http://dx.doi.org/10.1186/1755-1536-7-4
https://www.ncbi.nlm.nih.gov/pubmed/24678881
http://dx.doi.org/10.1038/s41598-019-51905-3
http://dx.doi.org/10.1038/s41598-019-51905-3
https://www.ncbi.nlm.nih.gov/pubmed/31690732
http://dx.doi.org/10.1111/dme.12317
http://dx.doi.org/10.1111/dme.12317
https://www.ncbi.nlm.nih.gov/pubmed/24103009
https://www.ncbi.nlm.nih.gov/pubmed/27833513
http://dx.doi.org/10.1002/dmrr.1068
https://www.ncbi.nlm.nih.gov/pubmed/20222150
http://dx.doi.org/10.1016/j.jdiacomp.2014.08.005
https://www.ncbi.nlm.nih.gov/pubmed/25217792
http://dx.doi.org/10.1159/000045096
https://www.ncbi.nlm.nih.gov/pubmed/9689166
http://dx.doi.org/10.1038/ki.1994.415
http://dx.doi.org/10.1038/ki.1994.415
https://www.ncbi.nlm.nih.gov/pubmed/7853804
https://www.ncbi.nlm.nih.gov/pubmed/11665294
https://www.ncbi.nlm.nih.gov/pubmed/11393380
http://dx.doi.org/10.1291/hypres.23.459
https://www.ncbi.nlm.nih.gov/pubmed/11016800
http://dx.doi.org/10.18632/oncotarget.5896
https://www.ncbi.nlm.nih.gov/pubmed/26431327
http://dx.doi.org/10.1152/ajprenal.2001.280.4.F667
https://www.ncbi.nlm.nih.gov/pubmed/11249858
http://dx.doi.org/10.1093/ndt/gfh872
https://www.ncbi.nlm.nih.gov/pubmed/15870225
https://www.ncbi.nlm.nih.gov/pubmed/9590367
http://dx.doi.org/10.1159/000317531
https://www.ncbi.nlm.nih.gov/pubmed/20664197
http://dx.doi.org/10.1159/000319794
https://www.ncbi.nlm.nih.gov/pubmed/20699621
http://dx.doi.org/10.1371/journal.pone.0195523
http://dx.doi.org/10.1371/journal.pone.0195523
https://www.ncbi.nlm.nih.gov/pubmed/29624611

	_Hlk82945848
	_Hlk134022054
	_Hlk134002112

