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Abstract 

Background: Renal tubulointerstitial fibrosis is a structural marker and prominent pathological characteristic of 
chronic progressive kidney disease, fibroblast growth factor‑2 (FGF2) is a key fibrogenic cytokine that is likely to be 
involved in the pathogenesis of renal fibrosis, kidney injury molecule‑1 (KIM‑1) is one of the most promising, early 
biomarkers of renal disease, either acute or chronic, due to its translatability between preclinical and clinical trials. It is 
believed that this molecule participates in the process of both kidney injury and healing.

Methods: We prospectively enrolled a cohort study of eighty adult patients who had glomerular diseases (with glo‑
merular filtration rate (GFR) > 30 ml/min/m2); serum level of FGF‑2 and KIM‑1 was measured at the same time of renal 
biopsy and was correlated with the degree of interstitial renal fibrosis.

Results: We found a significant positive correlation between FGF‑2 and KIM‑1 and the degree of interstitial renal 
fibrosis, albumin, and creatinine (P≤ 0.001), and a negative significant correlation with GFR and proteinuria. there is a 
positive significant correlation between serum KIM‑1 and FGF‑2 and hypertension with a significant P value (<0.001) 
that serum KIM‑1 has sensitivity 90% and specificity of 95% and serum FGF‑2 has sensitivity 95% and specificity 95% 
for detection of interstitial renal fibrosis.

Conclusions: Serum FGF‑2 and KIM‑1 seem to be a non‑invasive novel biomarker of interstitial renal fibrosis in glo‑
merulonephritis patients. It may become a useful biomarker without the need for the invasive maneuver of the renal 
biopsy. FGF‑2 and KIM‑1 are expected to be therapeutic targets for kidney injury.
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Background
Renal tubulointerstitial fibrosis is a structural marker and 
prominent pathological characteristic of chronic progres-
sive kidney disease, and the degree of tubulointerstitial 
scarring is an excellent prognostic marker for end-stage 
renal disease [1].

Deposition of extracellular matrix components and 
interstitial fibroblast accumulation are two main features 
of tubulointerstitial fibrosis [2]. Numerous studies have 
provided experimental evidence that tubuloepithelial cell 
plasticity and interstitial fibroblast proliferation contrib-
ute to the accumulation of interstitial fibroblasts in the 
renal parenchyma [3].

A key role in tubulointerstitial fibrosis is the tubular 
epithelial-to-mesenchymal transition (EMT), or transdif-
ferentiation of tubular epithelial cells into myofibroblasts, 
which are the cells responsible for the secretion and 
accumulation of extracellular matrix components [4].
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Fibroblast growth factor-2 (FGF2) is a key fibrogenic 
cytokine that is likely to be involved in the pathogene-
sis of renal fibrosis. FGF2 displays a potent capacity to 
induce tubuloepithelial cell plasticity and promote renal 
fibroblasts proliferation, and its expression is signifi-
cantly increased in human kidney disease with marked 
fibrosis [1].

FGF-2 protein was isolated from the kidney in 1985. 
Floege et  al. reported FGF2 immunostaining in Bow-
man’s capsule, the glomerular, mesangium, blood ves-
sels, and the interstitium, as well as some tubules in rats, 
FGF-2 was synthesized by mesangial cells in  vitro and 
in vivo [5].

Kidney injury molecule-1 (KIM-1) protein is a mem-
brane receptor for human hepatitis A virus (HHAV) and 
T cell immunoglobulin and mucin domain containing 4 
(TIMD 4). KIM-1 is one of the most promising, early bio-
markers of renal disease, either acute or chronic, due to 
its translatability between preclinical and clinical trials. It 
is believed that this molecule participates in the process 
of both kidney injury and healing, although the precise 
mechanism of restoration of tubular integrity after injury 
still remains unclear [6].

It has been proposed that there may be a novel role for 
chronic KIM-1 expression in the pathogenesis of renal 
fibrosis through activation of the innate immune system 
and leukocyte recruitment. Humphreys et  al. suggested 
that persistent KIM-1 expression is a maladaptive process 
through chronic uptake of cell toxic components from 
the tubular lumen, promoting chronic inflammation and 
ultimately renal fibrosis, making KIM-1 a potential novel 
therapeutic target in fibrosis in general diseases [7].

The aim of our study is to evaluate the significance of 
serum FGF2 and KIM-1 to detect the degree of histo-
pathological interstitial renal fibrosis in glomerulone-
phritis patients; in a trial to use serum FGF-2 and KIM-1 
level as a non-invasive marker of interstitial renal fibro-
sis to avoid renal biopsy and its possible subsequent 
complications.

Methods
We prospectively enrolled a cohort study of eighty adult 
patients who had glomerular diseases (with glomeru-
lar filtration rate> 30 ml/min/m2) at Kasr Alainy Hospi-
tal (Cairo, Egypt). The study population was chosen for 
which blood samples and renal biopsy were collected; 
this was performed between April 2019 and September 
2020. Exclusion criteria included patients less than 18 
years or more than 60 years, chronic infections other 
than viral ones, malignancy, acute kidney injury, obstruc-
tive nephropathy, diabetis, chronic kidney disease (GFR 

<30ml/min/m2), and end-stage renal disease patients 
(ESRD). All patients gave their written informed consent.

Biochemical and biomarkers’ measurements
Blood samples for complete blood picture, serum level 
of total calcium and phosphorous, serum albumin, Na, 
K, serum urea, creatinine, fasting blood sugar. Immune 
profile (ANA, ADNA, C3, and C4), virology (HCV Ab, 
HBsAg, and HIVAb), urine analysis, and 24-h urinary 
protein were done. Serum FGF-2 and KIM-1 level were 
measured with ELISA test for quantitative detection; at 
the same time, renal biopsies were obtained. The serum 
samples for FGF-2 and KIM-1were allowed clotting in a 
serum separator tube (about 4 h) at room temperature. 
Centrifuged at approximately 1000×g for 15 min, and 
were stored at −20°C. Serum FGF-2 was assayed using 
ELISA kit (Bioassay technology lab) cat no: E10055Hu.
CHINA and serum KIM-1 was assayed using ELISA 
kit (Bioassay technology lab) cat no: E10099Hu.CHIN. 
Estimated glomerular filtration rate was calculated with 
a shortened version of the modification of diet in renal 
disease (MDRD: (GFR (ml/min/1.73  m2) = 186 × Scr 
(mg/dl)–1.154 × Age–0.203 × 0.742 (if female) × 1.210 
(if black)), we classify the GFR in to 3 stages according 
to KDIGO guidelines (stage 1 GFR ≥90 ml/min/1.73 
 m2, stage 2 GFR 60–89 ml/min/1.73  m2, stage 3a 45–59 
ml/min/1.73  m2, stage 3b 30–44 ml/min/1.73  m2.

Renal biopsies (tru cut needle)
Two cores were obtained under ultrasound guidance, 
using an 18G semi-automatic biopsy gun with pre and 
post-procedure precautions.

Material preparation
One core was formalin-fixed, processed in alcohol, 
cleared in xylene, and incubated in paraffin blocks. 
Three sets of slides were prepared from serial cuts (3 
μ thick); stained with hematoxylin/eosin, Masson’s tri-
chrome, and periodic acid–Schiff.

The other core was frozen sectioned then treated 
with polyclonal Rabbit antibodies against anti-Human 
(IgA, IgM, IgG, C3, and C1q) using immunofluores-
cence technique.

Histopathological examination
All slides were examined under light microscope by two 
pathologists who were blinded about the results of the 
serum FGF-2 and KIM-1 level to evaluate the presence 
of the following: (a) interstitial fibrosis/tubular atrophy, 
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(b) glomerular sclerosis, and (c) chronic arteriopathy 
viz. arterial intimal fibrosis.

The extent of interstitial fibrosis/tubular atrophy was 
evaluated according to Banff code score [% of cortex 
with fibrosis: mild: 6–25%, moderate: 26–50% and sever 
: > 50%] [5].

Outcome measures
The primary outcome is to detect the significance of 
serum FGF-2 and KIM-1 as a biomarker of intersti-
tial renal fibrosis in glomerulonephritis patient, and the 
second outcome is to detect the relation between both 
FGF-2 and KIM-1 with other parameters such as creati-
nine, GFR, albumin, proteinuria, and between FGF-2 and 
KIM 1.

Statistical methods
Data were coded and entered using the statistical pack-
age SPSS (Statistical Package for the Social Sciences) 
version 24. Data was summarized using mean, standard 
deviation, median, minimum and maximum in quanti-
tative data and using frequency (count) and relative fre-
quency (percentage) for categorical data. Comparisons 
between quantitative variables were done using the non-
parametric Mann-Whitney test [6]. Correlations between 
quantitative variables were done using the Spearman cor-
relation coefficient [6]. P values less than 0.05 were con-
sidered as statistically significant.

Results
Out of 80 CKD patients included, males were 41 (51.2%), 
females were 39 (48.8%), 42 patients are hypertensive 
(52.2%), 5% are HBs Ag positive, 7.5% are HCV Ab posi-
tive, all are HIV negative, ANA is positive in 33.8% of 
the patients, anti-DNA positive in 33.8% of the patients, 
while C3 is consumed in 38.8% of the patients and C4 is 
consumed in 31.2% of the patients (Table 1).

The degree of interstitial renal fibrosis was normal in 
25%, mild in 15%, moderate in 28.7, and severe in 27.5% 
according to histopathological classification (Table 1).

The GFR was measured by MDRD: according to exclu-
sion criteria we have 22 patients in stage 1 (27.5%), 14 

Table 1 Clinical and laboratory characteristics of the study 
population

Eighty non-diabetic patients with 
glomerulonephritis

Count %

Sex Female 39 48.8%

Male 41 51.2%

HTN Yes 42 52.5%

No 38 47.5%

Albumin in urine Nil 2 2.5%

+ 2 2.5%

++ 15 18.8%

+++ 59 73.8%

++++ 2 2.5%

HBs Ag Positive 4 5.0%

Negative 76 95.0%

HCV Ab Positive 6 7.5%

Negative 74 92.5%

HIV Positive 0 0.0%

Negative 80 100.0%

ANA Positive 27 33.8%

Negative 53 66.3%

ADNA Positive 27 33.8%

Negative 53 66.3%

C3 Consumed 31 38.8%

Normal 49 61.3%

C4 Consumed 25 31.3%

Normal 55 68.8%

Degree of fibrosis No 20 25.0%

Mild 15 18.8%

Moderate 23 28.7%

Severe 22 27.5%

GFR Stage 1 22 27.5%

Stage 2 14 17.5%

Stage 3A 17 21.3%

Stage 3B 27 33.8%

Table 2 Clinical and laboratory characteristics of the study 
population

Mean Standard 
deviation

Median Minimum Maximum

Age (years) 29.71 7.79 27.50 19.00 52.00

Creat (mg) 1.50 0.55 1.50 0.60 2.50

Urea (mg) 58.45 39.63 41.00 7.00 170.00

FBS (mg) 93.87 7.42 91.50 78.00 120.00

Na (mg) 134.95 4.33 135.00 114.00 141.00

K (mg) 4.45 0.73 4.40 2.10 5.80

Albumin 2.48 0.58 2.60 1.20 3.80

Proteinuria 
(g/24 h)

3.95 1.40 3.95 1.00 8.00

Ca (mg) 8.01 0.78 8.00 6.00 10.40

Phos (mg) 4.49 0.84 4.30 2.90 7.00

Hb (gm) 10.18 1.40 10.15 7.50 14.20

TLC (cell) 7.00 3.07 6.20 2.60 14.20

PLT 241.79 91.92 230.00 41.00 490.00

RBCs in urine 8.90 13.93 5.00 0.00 70.00

WBCs in urine 3.25 2.42 3.00 0.00 12.00

GFR (min/ml/h) 65.49 29.59 50.00 30.00 130.00

Fibrosis (%) 18.00 16.45 15.00 0.00 60.00

KIM-1 (pg/ml) 39.95 36.27 34.40 2.10 125.00

FGF-2 (ng/ml) 47.90 41.74 42.00 1.00 140.00
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patients in stage2 (17.5%), 17 patients in stage 3A (21.3%), 
and 27 patients in stage 3B (33.8%) (Tables  1, 2, 3, 4, 5 
and 6).

Eighty non-diabetic patients with glomerulonephri-
tis indicated for renal biopsy with mean age 29.7, creat 
1.5 mg/ml, urea 58.4 mg/ml, FBS 93.87 mg/dl, serum Na 
134.9 mg/dl, serum K 4.45 mg/dl, seum albumin 2.48 
g, proteinuria 3.95 g/24 h, serum Ca 8.01 mg/dl, serum 
phosphorous 4.49 mg/dl, GFR 65.49 min/ml/h, the mean 

degree of fibrosis is 18%, the mean KIM-1 is 39.95 pg/ml, 
and FGF-2 is 47.9ng/ml (Table 3).

Our study show a positive correlation between serum 
KIM-1 with FGF-2, degree of fibrosis, albumin, and 
serum creatinine with a significant P value (<0.001), it 
also shows a negative correlation between serum KIM-1 
with GFR and Proteinuria with a significant P value 
(<0.001) (Figs. 1, 2, 3, 4, 5, and 6).

Our study shows a positive correlation between serum 
FGF-2 and degree of fibrosis, albumin, and serum creati-
nine with a significant P value (<0.001), it also shows a 
negative correlation between serum FGF-2 with GFR and 
proteinuria with a significant P value (<0.001) (Figs. 7, 8, 
9, 10, and 11; Table 4).

In our study, there is a positive significant correlation 
between serum KIM-1 and FGF-2 and hypertension with 
significant P value (<0.001) (Figs.  12, 13, 14, 15 and 16; 
Table 5).

Our study shows that serum KIM-1 has sensitiv-
ity of 90% and specificity of 95% with a significant P 
value (<0.001) for detection of interstitial renal fibro-
sis and also serum FGF-2 has a sensitivity of 95% and 
specificity of 95% with a significant P value (<0.001) 

Table 4 Correlation between serum KIM‑1 and FGF‑2 with hypertension

HTN

Yes No P value

Mean SD Median Minimum Maximum Mean SD Median Minimum Maximum

KIM-1 55.26 34.32 43.50 4.20 120.00 23.04 30.72 7.95 2.10 125.00 < 0.001

FGF-2 66.82 38.50 62.00 2.50 140.00 26.98 34.95 9.60 1.00 135.00 < 0.001

Table 5 Statistical analysis data of serum KIM‑1 and FGF‑2 for detection of interstitial renal fibrosis

Area under the 
curve

P value 95% confidence interval

Lower bound Upper bound Cut off Sensitivity % Specificity %

KIM-1 0.949 < 0.001 0.900 0.998 10.175 90 95

FGF-2 0.985 < 0.001 0.964 1.006 7.2 95 95

Table 6 Statistical analysis data of serum KIM‑1 and FGF‑2 for detection of advanced stage 3 renal injury

Area under the 
curve

P value 95% confidence interval

Lower bound Upper bound Cut off Sensitivity % Specificity %

KIM-1 0.987 < 0.001 0.969 1.005 28.5 95.5 97.2

FGF-2 0.987 < 0.001 0.971 1.004 38 90.9 97.2

Table 3 The histopathological diagnosis of the renal biopsies

The histopathological diagnosis of 
glomerulonephritis

Count %

Diagnosis Active mesangiocapillary 6 7.5%

Chronic interstitial nephritis 3 3.8%

FSGS 10 12.5%

HCV cryoglobulinemia mesangi-
ocapillary

5 6.3%

Lupus nephritis 27 33.8%

MCD 16 20.0%

Membranous with 2ry FSGS 9 11.3%

Renal amyloidosis 4 5.0%
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Fig. 1 Correlation between serum KIM‑1 and FGF‑2

Fig. 2 Correlation between serum KIM‑1 and degree of fibrosis
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Fig. 4 Correlation between serum KIM‑1 and proteinuria

Fig. 3 Correlation between serum KIM‑1 and GFR
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Fig. 5 Correlation between serum KIM‑1 and serum albumin

Fig. 6 Correlation between serum KIM‑1 and serum creatinine
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Fig. 8 Correlation between FGF‑2 and GFR

Fig. 7 Correlation between FGF‑2 and degree of fibrosis



Page 9 of 16Shaker et al. The Egyptian Journal of Internal Medicine           (2022) 34:28  

Fig. 9 Correlation between FGF‑2 and proteinuria

Fig. 10 Correlation between FGF‑2 and serum albumin



Page 10 of 16Shaker et al. The Egyptian Journal of Internal Medicine           (2022) 34:28 

for detection of interstitial renal fibrosis (Fig.  14; 
Table 6)

Our study shows that serum KIM-1 has a sensitiv-
ity of 95.5% and specificity of 97.2% with a significant 
P value (<0.001) for detection of advanced stage 3 
renal injury and also serum FGF-2 has a sensitivity of 
90.9% and specificity of 97.2% with significant P value 
(<0.001) for detection of advanced stage 3 renal injury 
(Figs. 15 and 16).

Discussion
Chronic progressive renal disease is accompanied by 
changes in the tubule-interstitium irrespective of the 
primary renal disease. The irreversible loss of kidney 
function prevents the body from eliminating the waste 
and need for dialysis or organ transplantation [1].

Regardless of etiology, tubulointerstitial changes 
consist of interstitial inflammation followed by fibro-
sis, tubular atrophy, and dilation, so the mechanism 
responsible for chronic renal failure is tubulointerstitial 
fibrosis, which is the process of progressive scarring of 
the interstitial space caused by myofibroblasts [8].

A mechanism that contributes to the increase of 
myofibroblasts in the interstitium during renal fibrosis 
is the epithelial–mesenchymal transition of proximal 
tubular cells. These cells lose their identity as epithe-
lial cells and differentiate into myofibroblasts by pro-
fibrotic stimuli as FGF-2 [9].

Kidney injury molecule-1 is an epithelial cell adhesion 
molecule that is induced in damaged tubular epithelial 
cells undergoing dedifferentiation and proliferation, 
and the role of KIM-1 as a biomarker, we can hypoth-
esize that KIM-1 may play a protective role in the initial 
stage of kidney injury, and in the later stage, it may play 
a damaging role due to the excessive cell proliferation 
caused by the KIM-1–induced renal repair [10].

In our study, we evaluate the significance of serum 
FGF-2 and KIM-1 levels to detect the degree of intersti-
tial renal fibrosis in 80 Egyptian patients with glomeru-
lonephritis ( GFR > 30 ml/min/h).

In our study, we found a positive correlation 
between Kim-1 and degree of renal fibrosis with a 
significant P value (<0.001). This result agreed with 
Van Timmeren MM. et al. [11] which concluded that 

Fig. 11 Correlation between FGF‑2 and serum creatinin
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expression of KIM-1 is associated with renal fibro-
sis and inflammation. The elevation of KIM-1 was 
confirmed in kidney biopsy tissue collected from 
patients with kidney disease. KIM-1 was expressed at 
the luminal side of dedifferentiated proximal tubules 
in areas of fibrosis and inflammation and correlated 
positively with kidney damage and negatively with 
renal function.

Also, Humphreys et  al. created a genetic model 
in mice, demonstrated that chronic KIM-1 expres-
sion led to inflammation, tubule interstitial fibrosis, 
characterized by elevated monocyte chemotactic 
protein-1 (MCP-1) levels, and increased MCP-1-de-
pendent macrophage chemotaxis. He found that 
KIM-1-positive tubule interstitium contained abun-
dant interstitial smooth muscle actin-positive myofi-
broblasts. Activation and proliferation of fibroblasts 
and myofibroblasts result in the excessive synthesis of 
extracellular matrix, eventually leading to fibrosis [7].

Benjamin et  al. [12] hypothesized that KIM-1 might 
regulate kidney inflammation and fibrosis when its 
expression is prolonged because (a) it is upregulated very 
early after kidney injury and is thus poised to serve as a 
sentinel of damage; (b) it is expressed in chronic fibrosing 
kidney disease, where it colocalizes with areas of fibrosis 
and inflammation .

Nogare AL. et  al. found that KIM-1 protein expression 
was increased in biopsies with interstitial fibrosis and tubu-
lar atrophy (IF/TA) compared with biopsies showing acute 
calcineurin inhibitor nephrotoxicity (CIN) (p <0.05) in renal 
transplant patients. Significant correlations were found 
between KIM-1 protein and mRNA levels in tissue and IF/
TA, which shows its potential as a biomarker of injuries that 
can trigger graft fibrosis [13].

In our study, we found a positive significant correla-
tion between KIM-1 and GFR and serum creatinine, this 
was agreed with Venkata S. et  al. [14] that concluded 
that Blood KIM-1 levels were also elevated in patients 

Fig. 12 Correlation between serum KIM‑1 and stages of GFR as it shows a positive correlation with stages of GFR with significant P value
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with CKD of various etiologies. In a cohort of patients 
with type 1 diabetes and proteinuria, serum KIM-1 level 
at baseline strongly predicted rate of eGFR loss and risk 
of ESRD during 5–15 years of follow-up.

In our study, we found positive significant correlation 
between FGF-2 and degree of interstitial renal fibrosis, this 
was agreed with lui et al, 2010 whoconcluded that Fibro-
blast growth factor-2 (FGF2) is a key fibrogenic cytokine 
that is likely to be involved in the pathogenesis of renal 
fibrosis. FGF2 displays a potent capacity to induce tubulo-
epithelial cell plasticity and promote renal fibroblasts pro-
liferation, and its expression is significantly increased in 
human kidney disease with marked fibrosis (3).

Zhuo Xu and Chunsun Dai [15] demonstrated in 
this study that FGF/FGFR2 signaling in fibroblasts 
plays an important role in promoting fibroblast pro-
liferation and activation, which aggravates renal inter-
stitial fibrosis.

Also, Frank et al. [16] have demonstrated that FGF-2 
is expressed in interstitial fibroblast-like cells and that 
it is robustly upregulated within these and tubular epi-
thelial cells in human kidney fibrosis. However, FGF-2 
does not seem to play a role in interstitial matrix pro-
duction may have a critical role in fibroblast prolifera-
tion and myofibroblast formation.

Valentina et  al. [17] report that fibroblast growth fac-
tor-2 (FGF-2) is an important trigger of epithelial-mes-
enchymal transition (EMT). It reduces the expression of 
cytokeratin and E-cadherin in the proximal tubular epi-
thelium, so it induces epithelial-mesenchymal transition 
(EMT) of proximal tubular epithelial cells (PTECs) into 
myofibroblasts lead to end-stage renal disease.

In our study, we found a significant correlation 
between serum KIM-1 and FGF-2 and incidence 
of hypertension with a significant P value (<0.001), 
this finding is consistent with Alfonso et  al,2012 who 

Fig. 13 Correlation between serum KIM‑1 and stages of GFR as it shows a positive correlation with stages of GFR with significant P value
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report that urinary KIM-1 and NGAL was elevated in 
a patient with chronic renovascular hypertension and 
systemic hypertension [18]. And also, Milica Bozic 
et al. [19] report that FGF-2 levels are associated with 
atherosclerosis progression in CKD. This effect is inde-
pendent of other parameters known, such as age, the 
degree of renal function, the levels of cholesterol, and 
smoking status. Therefore, FGF-2 could be considered 
as a marker and potential target in atherosclerosis pro-
gression leading to increased incidence of cardiovascu-
lar disease as hypertension.

While our results showed a direct relation between 
serum KIM-1 and creatinine (p< 0.001)(r=0.776), Peter 
Egli et al. [20] concluded that among young and healthy 

adults, plasma levels of KIM-1 were independently asso-
ciated with systolic and diastolic BP and KIM-1 was not 
associated with renal function, suggesting that KIM-1 
may increase only after prolonged injury leading to sub-
stantial kidney damage.

In our study, we found a negative significant corre-
lation between serum FGF-2 and KIM-1 and GFR, as 
serum FGF-2 and KIM-1 was increased gradually with 
the decline of GFR and increase in stages 3B other than 
any stage, Our study shows that serum KIM-1 has sen-
sitivity 90% and specificity 95% with a significant P value 
(<0.001) for detection of interstitial renal fibrosis and also 
serum FGF-2 has sensitivity 95% and specificity 95% with 

Fig. 14 Receiver operating characteristic curves (ROC) curve for detection of interstitial renal fibrosis: ROC curve show sensitivity and specificity of 
FGF‑2 and KIM‑1 for detection of interstitial renal fibrosis
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significant P value (<0.001) for detection of interstitial 
renal fibrosis.

Our study shows that serum KIM-1 has a sensitivity of 
95.5% and specificity of 97.2% with a significant P value 
(<0.001) for detection of advanced stage 3 renal injury 
and also serum FGF-2 has a sensitivity of 90.9% and 
specificity of 97.2% with significant P value ( <0.001) for 
detection of advanced stage 3 renal injury.

Conclusions
In our study, we evaluated the performance of serum 
levels of FGF-2 and KIM-1 as a novel biomarker for 
the assessment of interstitial renal fibrosis in glomer-
ulonephritis. The AUC-ROC value for serum FGF-2 
was AUC=0.98 P<0.0001 with a sensitivity of 95% and 

specificity of 95% for detection degree of fibrosis. The 
AUC-ROC value for serum KIM-1 was AUC=0.949 
P<0.0001 with a sensitivity of 90% and specificity of 
95% for detection of the degree of fibrosis.

We therefore propose that serum FGF-2 and KIM-1 
levels may be considered as a good marker to assess the 
degree of interstitial renal fibrosis without proceeding 
with subcutaneous renal biopsy.

Currently, the pathological diagnosis is the gold 
standard for the evaluation of the kidney. However, it is 
highly recognized that there is a need for the develop-
ment of accurate non-invasive biomarkers to uncover, 
prognosticate and guide therapy without the need for 
invasive and risky methods.

Limitations of this study included:

Fig. 15 Receiver operating characteristic curves( ROC) curve for detection of advanced renal injury stage 3. It shows ROC curve show sensitivity 
and specificity of FGF‑2 and KIM‑1 for detection of advanced stage 3 renal injury
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1. The relatively small number of patients studied that 
may decrease the statistical power and reproducibil-
ity of results.

2. Lack of follow-up of patients to determine the dis-
ease progression and measure the serum FGF-2 and 
KIM-1 level afterwards.
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Fig. 16 a Marked interstitial fibrosis in chronic interstitial nephritis Masson trichome stain −×100. b Moderate interstitial fibrosis in a case of 
membranous nephropathy with secondary FSGS, JMS stain −×100. c Focal mild interstitial fibrosis in case of active MPGN with crescents, PAS stain 
−×100
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