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Background: There is a wide spectrum of kidney pathology in human immunodeficiency 
virus (HIV) infection, affecting all structures of the kidney. The histology of HIV chronic 
kidney disease (CKD) is diverse, ranging from HIV-associated nephropathy (HIVAN) to 
focal glomerulosclerosis (FSGS), HIV-immune complex disease (HIV-ICD), other glomer
ulopathies and tubulo-interstitial nephritis. Definitive diagnosis is by kidney biopsy, an 
invasive procedure. However, serum and urinary biomarkers may be useful in predicting 
the histological diagnosis of HIVAN.
Purpose: We wished to determine the utility of serum and urinary biomarkers in predicting 
the histological diagnosis of HIVAN.
Patients and Methods: We measured neutrophil gelatinase-associated lipocalin (NGAL), 
cystatin C, transforming growth factor (TGF)-β isoforms and bone morphogenetic protein 
(BMP)-7 in the serum and urine in patients with different histological forms of HIV 
glomerular disease.
Results: In HIVAN, we demonstrated increased levels of serum cystatin C and increased 
levels of serum and urinary NGAL. Urinary TGF-β1 and TGF-β2 levels were elevated in 
HIV-positive patients with CKD but were not significantly different in the different HIV 
histologies, while urinary BMP-7 levels were elevated in minimal change disease.
Conclusion: This study confirmed the presence of increased serum and urinary biomarkers 
of tubular injury in patients with HIVAN, and increased urinary biomarkers of fibrosis in 
HIV CKD, and may indicate their value as a non-invasive diagnostic tool for the diagnosis of 
HIVAN.
Keywords: cystatin C, neutrophil gelatinase-associated lipocalin, NGAL, transforming 
growth factor (TGF)-β isoforms, bone morphogenetic protein (BMP)-7, HIV chronic 
kidney disease

Introduction
Kidney disease associated with human immunodeficiency virus (HIV) infection was 
first described in 1984 in African-American and Haitian patients with AIDS.1 

Originally defined as “acquired immune deficiency syndrome (AIDS) nephropa
thy”, HIV-associated nephropathy (HIVAN) was synonymous with collapsing focal 
segmental glomerulosclerosis (FSGS), accompanied by microcystic tubular dilata
tion and interstitial inflammation and fibrosis. Left untreated, HIVAN progressed 
rapidly to end-stage kidney disease (ESKD) over the course of a few months.2 In 
addition to HIVAN, the spectrum of kidney pathology attributable to HIV infection 
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extends beyond HIVAN and includes other chronic kidney 
disease (CKD), including focal glomerulosclerosis 
(FSGS), HIV-immune complex disease (HIV-ICD), other 
glomerulopathies and tubulo-interstitial nephritis. The 
Renal Pathology Working Group of the Kidney Disease 
Improving Global Outcomes (KDIGO) Controversies 
Conference on HIV and Kidney Disease has revised the 
classification of HIV kidney disease.3 They recommend 
distinguishing classic HIVAN (collapsing FSGS with 
microcystic tubular dilatation and interstitial inflamma
tion) from non-collapsing FSGS in the setting of HIV 
infection; they suggest that direct causality of HIV can 
only be established with reasonable certainty in classic 
HIVAN.

Proteinuria and renal dysfunction are markers of CKD 
associated with HIV infection.4 Studies have demonstrated 
renal histological changes consistent with HIV infection in 
both albuminuric and proteinuric patients,4,5 with a high 
prevalence of HIVAN documented in patients with albu
minuria in a study from South Africa.4 HIV infection- 
related albuminuria and proteinuria, and kidney function 
improve upon treatment with antiretroviral therapy 
(ART).6–8 These studies suggest that ART improves kid
ney function and emphasize the need for screening and 
early treatment to prevent or postpone ESKD in HIV 
patients. However, renal histological resolution does not 
parallel clinical and virologic improvement9 and some 
patients progress to ESKD in spite of ART; this progres
sion may be attributed to the presence of APOL1 high risk 
genotypes10 and a high index of chronic damage on kidney 
histology.11

Kidney fibrosis, a complex and multifactorial process, 
is a common feature of progressive CKD. Epithelial- 
mesenchymal crosstalk, where epithelial cells communi
cate with interstitial fibroblasts and stimulate the produc
tion of growth factors, has been reported in chronic 
interstitial inflammation and fibrosis.12 A number of profi
brotic growth factors, including transforming growth fac
tor (TGF)-β, connective tissue growth factor (CTGF), 
epidermal growth factor (EGF), and fibroblast growth 
factor (FGF), have been implicated in CKD11,13 and HIV 
related kidney disease.14–16

In HIVAN, HIV-1 infects the glomerular podocytes, the 
epithelial cells of the tubules and the collecting ducts 
resulting in podocyte injury, proliferation and dedifferen
tiation with the subsequent collapse of the glomerular 
tuft,14 and tubular injury and dilatation. Neutrophil gelati
nase-associated lipocalin (NGAL) is a recognized 

biomarker of renal proximal tubular injury.17 Podocyte 
damage in HVAN may be attributed to antagonistic TGF- 
β and BMP-7 signaling.16,18 TGF-β expression was 
increased in HIV progressive glomerular diseases; how
ever, this was not unique to HIV-associated kidney 
diseases.19 In adults, BMP-7 maintains the function of 
the tubular epithelium and its downregulation is associated 
with acute or chronic tubular injury.20

To date, the definitive diagnosis of HIVAN and other 
renal pathologies in HIV relies on a kidney biopsy, an 
invasive procedure. Serum and urinary biomarkers may 
have utility in predicting the histological diagnosis of 
HIVAN. Urine is an ideal source for non-invasive tests to 
monitor kidney disease. Several studies have explored the 
utility of urinary biomarkers in HIV kidney disease; bio
markers that were shown to be increased in HIV kidney 
disease are urine kidney injury molecule-1 (KIM-1), liver- 
type fatty acid binding protein (L-FABP), alpha-1-micro
globulin (α1m), B2-microglobulin (B2-M) and N-acetyl- 
beta-D-glucosaminidase (NAG). High urinary levels of 
B2-M were found in children with biopsy-proven 
HIVAN.21 Urinary concentrations of NAG were found to 
be increased in HIV-infected patients.22 Serial measure
ments of multiple biomarkers in the Women’s Interagency 
HIV Study (WIHS) were found to be of value in detecting 
and monitoring kidney disease.23 Neither KIM-1 nor NGAL 
showed significant mortality risk in the adjusted model in 
the study by Peralta et al.24 Among HIV-infected women, 
higher urine albumin, α1M, IL-18, and KIM-1 levels were 
each associated with faster eGFR decline over eight years 
of follow-up. Urinary levels of L-FABP appeared to have 
a J-shaped association with death.24 Further research is 
required to outline the diagnostic as well the predictive 
role of biomarkers in progression of CKD and mortality.

We explored the utility of NGAL and cystatin C as 
biomarkers of tubular injury and TGF-β and BMP-7 as 
biomarkers of fibrosis in different histological forms of 
HIV CKD.

Materials and Methods
Ethical approval for the study was granted by the Human 
Research Ethics Committee of the University of the 
Witwatersrand (certificate number M 091009). HIV- 
positive adult patients (aged 18 years and older) with 
known renal histology and CKD were recruited at the 
adult HIV/HIV Renal Clinics at the Charlotte Maxeke 
Johannesburg Academic, Chris Hani Baragwanath and 
Helen Joseph Hospitals in Johannesburg, South Africa 
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after signing informed consent. The study was conducted 
in accordance with the Declaration of Helsinki.

Exclusion criteria included patients under 18 years, 
those unable to give consent, already on ART or with 
shrunken kidneys. HIV-positive patients without kidney 
disease and apparently normal healthy adult volunteers at 
the different health facilities served as controls.

Hemoglobin, cholesterol, serum albumin, serum creati
nine and eGFR (determined by the CKD-EPI equation with
out the African American correction), urinary protein 
creatinine ratio and urine albumin creatinine ratio were 

determined by the National Health Laboratory Service as 
standard of care. For each HIV-positive patient, serum and 
urine were collected at initial diagnosis of HIV infection, 
prior to initiation of therapy for HIV. There were 25 HIV- 
positive patients with CKD whose histological diagnoses 
were known, 25 HIV-positive patients without kidney dis
ease and 24 healthy volunteers who participated in this study.

Biomarker Analysis
Serum and mid-stream urine samples were centrifuged at 
1250 x g for 15 mins and 10 mins respectively and the 

Table 1 Demographic, Clinical and Biomarker Profiles of the Study Population

HIV CKD# HIV-Positive No-CKD Controls# Healthy Controls# p-valuea

(n=25) (n=25) (n=24)

Age years (mean±SD) 33.24 ± 10.03 34.48 ± 10.02 34.92 ± 9.01 p=0.665b

Gender (males:females) 8:17 (32% male) 10:15 (40% male) 9:15 (38% male) p=0.835c

Systolic BP (mmHg) 125 (113; 138) 120 (114; 133) 117.5 (112; 125) p=0.421

Diastolic BP (mmHg) 78 (74; 89) 76 (70; 84) 75 (66; 84) p=0.234

BMI 25.86 (21.88; 27.51) 23.55 (22.23; 27.30) 28.04 (23.54; 28.89) p=0.378
CD4 count (cells/mm3) 242.5 (140; 348) 379 (287; 519) - p=0.009
Hemoglobin (g/dl) 10.7 (8.8; 12.2) 12.45 (10.8; 14.3) 13.5 (10.8; 14.3) p=0.054

Cholesterol (mmol/l) 4.5 (3.61; 5.38) 4.39 (3.65; 4.73) 4.38 (4.05; 4.93) p=0.858
Serum albumin (g/l) 24 (19; 29) 29 (17; 36) 41 (39; 45) p<0.001
Serum creatinine (μmol/l) 80 (63; 325) 69 (60; 78) 77 (64; 90) p=0.107

eGFR CKD-EPI (mL/min/1.73m2) 94.0 (18.5; 107.9) 111.8 (97.4; 115.9) 98.5 (74.0; 111.8) p=0.057
UPCR (g/mmol creat) 0.129 (0.019; 0.534) 0.015 (0.009; 0.039) 0.006 (0.004; 0.010) p<0.001
UACR (mg/mmol creat) 90 (80–150) 10 (10–30) 0 (0–0) p<0.001

Serum Biomarkers

Cystatin C (ng/mL) 2866 (1540; 6996) 1448 (1325; 1762) 1456 (1270; 1711) p<0.001
NGAL (ng/mL) 52.7 (44.8; 88.6) 41.5 (37.2; 49.7) 34.5 (30.5; 40.1) p<0.001
TGF-β1 (pg/mL) 39,780 (27,738; 54,377) 41,641 (24,902; 50,429) 52,408 (49,285; 57,940) p=0.001
TGF-β2 (pg/mL) 953.2 (834.2; 1239.9) 819.7 (658.9; 967.4) 1020.6 (974.4; 1105.4) p<0.001
TGF-β3 (pg/mL) 489.0 (441.9; 527.7) 496.6 (445.7; 570.4) 512.0 (492.6; 574.7) p=0.161

BMP-7 (pg/mL) 0.00 (0.00; 21.20) 3.82 (0.00; 6.58) 0.00 (0.00; 0.00) p<0.001

Urine Biomarkersd

Cystatin C (ng/mL) 186.0 (180.7; 190.9) 231.8 (134.4; 274.6) 218.1 (110.1; 295.5) p=0.180

NGAL (ng/mL) 37.38 (23.76; 92.40) 28.87 (10.05; 42.66) 12.60 (7.06; 24.15) p=0.013
TGF-β1 (pg/mL) 132.5 (59.03; 417.5) 15.48 (0.92; 46.85) 23.20 (−5.50; 49.40) p<0.001
TGF-β2 (pg/mL) 41.70 (11.23; 80.39) 15.19 (6.84; 29.68) 15.11 (2.50; 27.52) p=0.008
TGF-β3 (pg/mL) 16.20 (15.59; 23.98) 52.64 (24.23; 180.81) 19.10 (17.70; 28.24) p<0.001
BMP-7 (pg/mL) 19.92 (10.54; 43.63) 5.45 (0.00; 8.29) 8.99 (6.79; 11.74) p<0.001

Notes: #Median (IQR) given unless otherwise stated; Statistically significant p-values indicated in bold; ap-values calculated using a Kruskal Wallis test comparing HIV CKD 
participants, HIV-positive no-CKD controls and healthy controls, unless otherwise stated; bp-value calculated using an ANOVA comparing HIV CKD participants, HIV- 
positive no-CKD controls and healthy controls; cp-value calculated using a chi-square test comparing HIV CKD participants, HIV-positive no-CKD controls and healthy 
controls; dUrine samples were available for 19/25 HIV CKD patients. [Missing values as follows: for HIV CKD group: CD4 count n=3; cholesterol n=4; serum albumin n=4; 
uPCR n=2; albuminuria n=9; urinary biomarkers n=6. For HIV-positive no-CKD group: CD4 count n=2; hemoglobin n=3; cholesterol n=13; serum albumin n=21; serum 
creatinine n=4; eGFR n=4; uPCR n=21; albuminuria n=3. For healthy controls: systolic and diastolic blood pressure n=6; BMI n=6; hemoglobin n=9; cholesterol n=10; 
serum albumin n=10; serum creatinine n=2; eGFR n=2; uPCR n=14; albuminuria n=6; urinary NGAL n=1]. 
Abbreviations: CKD, chronic kidney disease; BP, blood pressure; BMI, body mass index; UPCR, urine protein creatinine ratio; UACR, urine albumin creatinine ratio; 
NGAL, neutrophil gelatinase-associated lipocalin; TGF, transforming growth factor; BMP, bone morphogenetic protein.
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supernatants were aliquoted and stored at −80°C until 
assayed. Bone morphogenetic protein-7 concentrations 
were determined by enzyme linked immunosorbent assays 
(DBP700, Quantikine ELISA, R&D, Minneapolis, MN, 
USA) according to manufacturer’s instructions. Optical 
density of BMP-7 was measured at 450 nm on 
a microplate reader (Elx800, BioTek, Winooski, VT, 
USA) and concentrations were calculated using the 5PL 
algorithm. Low levels of biomarkers were determined by 
extrapolation of the 5PL curve, with levels set at zero 
when they fell below this. All other analytes were mea
sured using multianalyte Luminex immunoassays. Cystatin 
C concentrations were measured in serum, diluted 4000- 
fold and in urine, diluted 10-fold (FCSTM16, Human 

Kidney Biomarker Magnetic Luminex, R&D) according 
to the manufacturer’s instructions. Levels of NGAL in 
serum, diluted 10-fold and urine, diluted 10-fold, were 
assayed according to manufacturer’s instructions 
(FCSTM16, Human Kidney Biomarker Magnetic 
Luminex, R&D). Transforming growth factor-β1, -β2 and 
- β3 concentrations were measured in serum (activated 
with hydrochloric acid, neutralized with sodium hydro
xide/ HEPES, and diluted 4-fold) and urine (activated 
with acid, neutralized with sodium hydroxide/HEPES, 
and with the addition of 0.5% bovine serum albumin, to 
a dilution factor of 1.44) using the TGF-β Assay kit (171- 
W4001M, Bio-Rad, Hercules, CA, USA) as per manufac
turer’s recommendations. The Multiplex analytes were run 

Figure 1 Serum and urine Cystatin C levels in HIV+ CKD patients and Controls (A and C) and HIV+ CKD histological types (B and D). Horizontal lines within each box 
indicate median values with the boxes extending from the 25th to the 75th percentile. Whiskers denote values within 1.5 x IQR, and dots indicate outlier values outside this 
range. p-values for each graph calculated comparing all participants (A and C) or all HIV-positive CKD patients (B and D) using the Kruskal–Wallis test with post-hoc 
analysis performed pairwise using Dunn’s Multiple Comparison Test. Significant associations: (A) HIV+ CKD vs HIV+ no-CKD p=0.001; HIV+ CKD vs healthy controls 
p<0.001. (B) HIVAN vs MCD p=0.001; HIVAN vs HIV-ICD p=0.038; MCD vs FSGS p=0.053. (C) HIV+ CKD vs healthy controls p=0.043. (D) HIVAN vs MCD p=0.045; 
HIVAN vs FSGS p=0.012. 
Abbreviations: CKD, chronic kidney disease; FSGS, Focal segmental glomerulosclerosis; HIVAN, HIV-associated nephropathy; HIV-ICD, HIV immune complex disease; IQR, 
Interquartile range; MCD, minimal change disease.
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on a BioPlex 200™ fluorescence platform, and concentra
tions were determined using a 5PL algorithm. All biomar
ker measurements were made in duplicate.

Statistics
Data were analyzed using STATA version 14 software 
(Stata Corp, College Station, TX, USA). Continuous data 
are presented as means ± standard deviations for normally 
distributed variables or as medians and interquartile ranges 
(IQR) if not normally distributed. Categorical data are 
presented as ratios and percentages. P values below 0.05 
were considered significant.

Biomarker levels were tested for normality using the 
Shapiro–Wilk test for normality and were found to be non- 
normally distributed. Levels of biomarkers are presented as 

medians and IQRs and represented using box-and-whisker 
plots with outliers indicated. To determine differences 
between the levels of the various groups, a Kruskal–Wallis 
test was used. When significant differences were found, 
a post-hoc Dunn test was used to identify which groups 
showed significance. Correlations were assessed using 
Spearman’s rank correlation coefficient with a rho>0.5 or 
<-0.5, and p<0.05 showing evidence of correlation.

Results
Demographic, clinical and biomarker data are presented in 
Table 1. The mean ages of the 3 groups were similar, as 
were their blood pressures. Proteinuria and albuminuria 
were present in the HIV CKD group only. The HIV- 
positive CKD group comprised of patients with classic 

Table 2 Summary of p-values Comparing Serum and Urine Biomarker Levels in the Study Population

Serum

Cystatin C NGAL TGF-β1 TGF-β2 TGF-β3 BMP-7

All Participants:

HIV+ CKD vs HIV+ no-CKD 0.001 0.031 ns 0.008 ns ns

HIV+ CKD vs healthy controls <0.001 <0.001 0.002 0.053 0.029 <0.001
HIV+ no-CKD vs healthy controls ns 0.016 <0.001 <0.001 ns 0.001

HIV+ CKD patients:

HIVAN vs MCD 0.001 0.004 ns ns ns ns

HIVAN vs HIV-ICD 0.038 0.035 ns ns 0.012 ns
HIVAN vs FSGS ns 0.094 ns ns ns ns

MCD vs HIV-ICD 0.094 ns ns ns ns ns

MCD vs FSGS 0.053 ns ns 0.078 ns ns
HIV-ICD vs FSGS ns ns ns ns 0.044 ns

Urine

Cystatin C NGAL TGF-β1 TGF-β2 TGF-β3 BMP-7

All Participants:

HIV+ CKD vs HIV+ no-CKD 0.063 ns <0.001 0.008 <0.001 <0.001
HIV+ CKD vs healthy controls 0.043 0.002 <0.001 0.002 0.094 0.004
HIV+ no-CKD vs healthy controls ns 0.026 ns ns 0.001 0.042

HIV+ CKD patients:

HIVAN vs MCD 0.045 0.006 ns ns ns 0.030
HIVAN vs HIV-ICD 0.052 0.081 ns ns ns ns

HIVAN vs FSGS 0.012 ns ns ns ns ns

MCD vs HIV-ICD ns 0.088 ns ns ns ns
MCD vs FSGS ns ns ns ns 0.016 0.048
HIV-ICD vs FSGS ns ns ns ns ns ns

Notes: p-values calculated using Dunn’s pairwise comparison test; statistically significant p-values indicated in bold font. 
Abbreviation: ns, non-significant (p≥0.100).
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HIVAN (n=6), HIV ICD (n=7), minimal change disease 
(MCD; n=6), non-collapsing FSGS (n=4), membranous 
nephropathy (n=1) and membranoproliferative glomerulo
nephritis (n=1). There was no significant difference in 
proteinuria when comparing HIVAN with the other histo
logical types of HIV CKD (p=0.590). However, HIVAN 
patients had significantly lower eGFRs (p=0.031) when 
compared with the other forms of HIV CKD.

Biomarker Levels
Cystatin C
Serum cystatin C levels were significantly elevated in the HIV 
CKD group (p<0.001). When comparing serum levels of 
cystatin C across the groups, HIV-positive CKD patients had 
significantly higher levels than the two control groups 
[p=0.001 for HIV-positive non-CKD controls and p<0.001 
for healthy controls] (Table 1 and Figure 1A). HIVAN patients 
had the highest median serum cystatin C levels; Figure 1B. 
Serum and urine cystatin C correlated with serum creatinine 
(p<0.001), and correlated negatively with eGFR; p=0.002 and 
p=0.002 for serum and urine respectively. There was no 
correlation of cystatin C with proteinuria; Table 3.

Urinary cystatin C levels were decreased in HIV- 
positive CKD patients compared with healthy controls 
(p=0.043); Figure 1C; and when looking at CKD patients 
only, median levels were higher in HIVAN patients, with 
significant differences compared to FSGS (p=0.012) and 
MCD (p=0.045); Table 2. As can be seen from the box-and 
-whisker plots, the range of urinary cystatin C levels in 
HIV-positive CKD patients was much smaller than the 
range in the two control groups.

Neutrophil Gelatinase-Associated Lipocalin (NGAL)
The highest levels of serum NGAL were present in the HIV- 
positive CKD patients, followed by the HIV-positive no-CKD 
individuals and were lowest in the healthy controls; p<0.001 
(Table 1). Comparisons of the HIV-positive CKD and the two 
control groups were significant (p=0.031 and p<0.001 for the 
HIV no-CKD and healthy controls respectively; Table 2 and 
Figure 2A). When comparing serum NGAL levels in the 
different CKD groups, the levels in HIVAN patients were 
significantly higher than the levels in the MCD (p=0.004) 
and HIV-ICD (p=0.035) patients; Table 2 and Figure 2B.

When comparing urinary NGAL levels, the HIV- 
positive patients had significantly higher levels than the 
healthy controls (HIV-positive CKD patients vs healthy 
controls p=0.002 and HIV-positive no-CKD patients vs 
healthy controls p=0.026); Table 2 and Figure 2C.

HIVAN patients had the highest median levels of urin
ary NGAL, significantly higher than levels in MCD patients 
(p=0.006) and HIV-ICD (p=0.081), Table 2 and Figure 2D. 
Urinary NGAL levels were also higher in HIVAN patients 
when compared to all other HIV CKD histologies combined 
(p=0.003); results not shown.

Serum and urinary NGAL levels correlated signifi
cantly with reduced kidney function; p=0.001 and 
p=0.002 respectively, but not with proteinuria; Table 3.

Transforming Growth Factor -β1
Serum levels of TGF-β1 were significantly lower in the 
HIV-positive patients compared with the healthy controls; 
p=0.001 (Table 1). None of the HIV-positive groups, with 
or without CKD, differed significantly from each other 
(Table 2).

Urinary TGF-β1 levels were significantly higher in 
patients with HIV-positive CKD (p<0.001) compared to 
the two control groups. While urinary TGF-β1 levels were 
significantly higher in HIVAN vs the control groups 
(healthy controls and HIV no-CKD; p=0.005; Figure 3C 
and D), TGF-β1 levels within the HIV CKD histology 
groups did not differ significantly from each other 
(Figure 3D, Table 2) although median levels were higher 
in the HIVAN group.

Transforming Growth Factor-β2
Serum TGF-β2 levels were lowest among the HIV-positive 
patients without CKD, differing significantly from both the 

Table 3 Correlations Between Biomarker Levels and Markers of 
Kidney Function

eGFR Proteinuria

Decreased vs 
Normala

Moderate vs  
Severeb

Cystatin C Serum 0.002 0.503

Cystatin C Urine 0.002 0.132

NGAL Serum 0.001 0.805
NGAL Urine 0.002 0.056

TGF-β1 Serum 0.462 0.245

TGF-β1 Urine 0.096 0.132
TGF-β2 Serum 0.821 0.139

TGF-β2 Urine 0.072 0.039
TGF-β3 Serum 0.079 0.698
TGF-β3 Urine 0.376 0.611

BMP-7 Serum 0.669 0.969

BMP-7 Urine 0.014 0.725

Notes: p-values calculated using the Wilcoxon Mann Whitney test; Statistically signifi
cant p-values indicated in bold font; aDecreased eGFR: <60 mL/min/1.73 m2; normal 
eGFR: ≥60 mL/min/1.73 m2; bModerate proteinuria: 0.19–0.30 g/mmol; severe protei
nuria: ≥0.30 g/mmol.
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HIV-positive CKD patients (p=0.008) and the healthy con
trols (p<0.001); Table 2 and Figure 4A. The highest serum 
TGF-β2 levels were present in the healthy control group. 
HIVAN patients had the highest median serum TGF-β2 
levels of all the groups analyzed but did not differ sig
nificantly from any of the other CKD groups, probably 
because of the large interquartile range.

Urinary TGF-β2 levels, like those of urinary TGF-β1, 
were significantly higher in HIV-positive CKD patients 
(p=0.008; Table 1) compared to the two control groups 
which did not differ significantly from each other. Urinary 
TGF-β2 levels were significantly higher in HIVAN patients 
than in the two control groups (p=0.012 for the no-CKD 
group; p=0.005 for healthy controls; Figure 4C and D) but 
were not significantly different from the remaining HIV- 

positive CKD pathologies including MCD (Table 2). 
Urinary TGF-β2 levels correlated with proteinuria 
(p=0.039) but not with kidney function (Table 3).

Transforming Growth Factor-β3
Serum TGF-β3 levels were similar in all groups (Table 1), 
but were slightly higher in the healthy controls compared 
to patients with HIV CKD; p=0.029 (Figure 5A).

Serum TGF-β3 levels were increased in HIVAN vs 
HIV ICD (p=0.012) and in HIV ICD vs FSGS and 
(p=0.044); Figure 5B, Table 2.

Urinary TGF-β3 levels were significantly higher in the 
HIV-positive no-CKD group than in the HIV-positive 
CKD group and the healthy controls; p<0.001 (Table 1 
and Figure 5C). The HIV-positive CKD and healthy 

Figure 2 Serum and urine NGAL levels in HIV+ CKD patients and Controls (A and C) and HIV+ CKD histological types (B and D). Horizontal lines within each box 
indicate median values with the boxes extending from the 25th to the 75th percentile. Whiskers denote values within 1.5 x IQR, and dots indicate outlier values outside this 
range. p-values for each graph calculated comparing all participants (A and C) or all HIV-positive CKD patients (B and D) using the Kruskal–Wallis test with post-hoc 
analysis performed pairwise using Dunn’s Multiple Comparison Test. Significant associations: (A) HIV+ CKD vs HIV+ no-CKD p=0.031; HIV+ CKD vs healthy controls 
p<0.001; HIV+ no-CKD vs healthy controls p=0.016. (B) HIVAN vs MCD p=0.004; HIVAN vs HIV-ICD p=0.035. (C) HIV+ CKD vs healthy controls p=0.002; HIV+ no-CKD 
vs healthy controls p=0.026. (D) HIVAN vs MCD p=0.006. 
Abbreviations: CKD, chronic kidney disease; FSGS, Focal segmental glomerulosclerosis; HIVAN, HIV-associated nephropathy; HIV-ICD, HIV immune complex disease; IQR, 
Interquartile range; MCD, minimal change disease; NGAL, neutrophil gelatinase-associated lipocalin.
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control groups did not differ significantly from each other. 
Among the various HIV-positive CKD histologies, median 
urinary TGF-β3 levels were highest among MCD patients. 
When the MCD patients were excluded from analysis of 
the HIV-positive CKD group, median urinary TGF-β3 
levels decreased resulting in this group now differing sig
nificantly from both the HIV-positive no-CKD group 
(p<0.001) and the healthy control group (p=0.045). 
Urinary TGF-β3 levels were significantly lower in the 
HIVAN patients compared to the HIV-positive no-CKD 
group; p=0.005.

Bone Morphogenetic Protein-7
Serum BMP-7 levels were in general very low in HIV 
patients and were undetectable in the healthy controls. 

Urinary BMP-7 levels were significantly higher in the 
HIV-positive CKD group compared with HIV no-CKD 
and healthy controls; p<0.001 and p=0.004 respec
tively (Tables 1 and 2 and Figure 6C), and were 
significantly higher in the MCD vs HIVAN (p=0.027) 
and FSGS (p=0.049) histologies; (Table 2 and 
Figure 6D).

Correlation of Biomarkers with Kidney Function and 
Proteinuria in CKD Patients
Table 3 shows that the biomarkers that showed correla
tions with eGFR were serum and urinary cystatin 
C (p<0.001 and 0.041 respectively), serum and urinary 
NGAL (p<0.001 and 0.004 respectively) and urinary 
BMP-7 (p=0.007).

Figure 3 Serum and urine TGF-β1 levels in HIV+ CKD patients and Controls (A and C) and HIV+ CKD histological types (B and D). Horizontal lines within each box 
indicate median values with the boxes extending from the 25th to the 75th percentile. Whiskers denote values within 1.5 x IQR, and dots indicate outlier values outside this 
range. p-values for each graph calculated comparing all participants (A and C) or all HIV-positive CKD patients (B and D) using the Kruskal–Wallis test with post-hoc 
analysis performed pairwise using Dunn’s Multiple Comparison Test. Significant associations: (A) HIV+ CKD vs healthy controls p=0.002; HIV+ no-CKD vs healthy controls 
p<0.001. (B) No significant associations. (C) HIV+ CKD vs HIV+ no-CKD p<0.001; HIV+ CKD vs healthy controls p<0.001. (D) No significant associations. 
Abbreviations: CKD, chronic kidney disease; FSGS, Focal segmental glomerulosclerosis; HIVAN, HIV-associated nephropathy; HIV-ICD, HIV immune complex disease; IQR, 
Interquartile range; MCD, minimal change disease; TGF, transforming growth factor.
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Urinary TGFβ-2 (p=0.039) showed correlation with 
proteinuria, while urinary NGAL (p=0.056) showed 
a trend towards significance.

Discussion
HIV-positive CKD patients had significantly higher levels 
of serum cystatin C compared with the two control groups, 
with HIVAN patients showing the highest median serum 
cystatin C levels. Increased serum and urinary cystatin 
C have been reported as markers of renal tubular 
dysfunction.25 Our study showed correlation of serum 
cystatin C with serum creatinine, and a negative correla
tion with eGFR, indicating its association with kidney 
function. Urinary cystatin C concentration has been 
found to be increased in HIV-positive patients26 and to 

correlate with GFR and B2-microglobulin in patients with 
HIV infection.27 Our study did not concur, showing 
decreased urinary cystatin C levels in HIV CKD patients. 
Higher levels of urinary cystatin C were found in patients 
with established HIV-associated renal diseases than in 
patients without proteinuria or trace proteinuria.28 Our 
study showed correlation of cystatin C with eGFR but 
not with proteinuria.

Patients with HIVAN had significantly elevated bio
markers of tubular injury as demonstrated by significantly 
elevated serum and urinary NGAL levels in HIVAN in this 
study. The finding of elevated serum NGAL levels in 
patients with HIVAN has not been reported previously. 
The elevated serum NGAL levels in HIVAN may indicate 
the degree of tubular injury in HIVAN, with excess release 

Figure 4 Serum and urine TGF-β2 levels in HIV+ CKD patients and Controls (A and C) and HIV+ CKD histological types (B and D). Horizontal lines within each box 
indicate median values with the boxes extending from the 25th to the 75th percentile. Whiskers denote values within 1.5 x IQR, and dots indicate outlier values outside this 
range. p-values for each graph calculated comparing all participants (A and C) or all HIV-positive CKD patients (B and D) using the Kruskal–Wallis test with post-hoc 
analysis performed pairwise using Dunn’s Multiple Comparison Test. Significant associations: (A) HIV+ CKD vs HIV+ no-CKD p=0.008; HIV+ CKD vs healthy controls 
p=0.053; HIV+ no-CKD vs healthy controls p<0.001. (B) No significant associations. (C) HIV+ CKD vs HIV+ no-CKD p=0.008; HIV+ CKD vs healthy controls p=0.002. (D) 
No significant associations. 
Abbreviations: CKD, chronic kidney disease; FSGS, Focal segmental glomerulosclerosis; HIVAN, HIV-associated nephropathy; HIV-ICD, HIV immune complex disease; IQR, 
Interquartile range; MCD, minimal change disease; TGF, transforming growth factor.
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of NGAL from the proximal tubules and subsequent reab
sorption. In contrast, serum NGAL levels were not as 
highly elevated in patients with other HIV CKDs such as 
minimal change disease and various other histological 
types, or in HIV-positive patients without kidney disease 
or healthy controls, and is probably a reflection of the 
tubular injury present in HIVAN. While median serum 
and urine levels of NGAL were higher in HIVAN than in 
other HIV CKD, we were not able to determine definitive 
cut-off levels.

Previous studies showed significantly increased urinary 
NGAL levels in patients with HIVAN compared with HIV- 
positive patients and negative controls with other forms of 
CKD.21,29,30 Our study showed correlation of serum and 
urinary NGAL with kidney function, while its association 
with proteinuria trended towards significance. Elevated 

levels of urinary NGAL were also found in HIVAN 
patients with relatively preserved kidney function and 
mild to moderate proteinuria, suggesting that NGAL can 
be an early biomarker in the course of progressive kidney 
disease due to HIVAN.30–32 NGAL, a 25-KD protein 
secreted into the urine by damaged kidney tubular epithe
lial cells, may therefore be a useful biomarker to detect the 
presence of renal tubular injury and distinguish HIVAN 
from other forms of CKD or other glomerulopathies in 
HIV infection.

NGAL levels were elevated in both the serum and 
urine of HIVAN patients, and a larger study with greater 
numbers of HIVAN patients would help determine cut-off 
levels that are definitive for HIVAN.

While serum levels of TGF-β1 were significantly lower 
in the HIV-positive patients compared with the healthy 

Figure 5 Serum and urine TGF-β3 levels in HIV+ CKD patients and Controls (A and C) and HIV+ CKD histological types (B and D). Horizontal lines within each box 
indicate median values with the boxes extending from the 25th to the 75th percentile. Whiskers denote values within 1.5 x IQR, and dots indicate outlier values outside this 
range. p-values for each graph calculated comparing all participants (A and C) or all HIV-positive CKD patients (B and D) using the Kruskal–Wallis test with post-hoc 
analysis performed pairwise using Dunn’s Multiple Comparison Test. Significant associations: (A) HIV+ CKD vs healthy controls p=0.029. (B) HIVAN vs HIV-ICD p=0.012; 
HIV-ICD vs FSGS p=0.044. (C) HIV+ CKD vs HIV+ no-CKD p<0.001; HIV+ no-CKD vs healthy controls p=0.001. (D) MCD vs FSGS p=0.016. 
Abbreviations: CKD, chronic kidney disease; FSGS, Focal segmental glomerulosclerosis; HIVAN, HIV-associated nephropathy; HIV-ICD, HIV immune complex disease; IQR, 
Interquartile range; MCD, minimal change disease; TGF, transforming growth factor.
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controls, urinary TGF-β1 levels were significantly higher 
in patients with HIV-positive CKD patients compared to 
the two control groups. Urinary TGF-β1 levels were the 
highest in the HIVAN group but were not significantly 
different from the other histological groups in our study, 
probably due to the small numbers in the different histo
logical groups. HIV-infected individuals with albuminuria 
were reported to excrete higher levels of urine TGF-β1 and 
collagen IV compared to those without albuminuria; in 
addition, increased inflammation was associated with 
increased urinary TGF-β1 in HIVAN.33 HIV-positive 
patients with CKD in a recent study from Nigeria were 
shown to express higher levels of urinary TGF-β1 in 
association with proteinuria.34

Our study did not show correlation of TGF-β1 with 
kidney function or proteinuria.

Healthy controls had the highest median serum TGF-β2 
levels of all the groups analyzed in our study. Urinary TGF-β2 
levels, like those of urinary TGF-β1, were significantly higher 
in HIV-positive CKD patients compared to the two control 
groups and correlated with proteinuria. Increased urinary 
TGF-β2 levels were previously reported in HIV infection.35–37

Urinary TGF-β3 levels were significantly higher in the 
HIV-positive no-CKD group than in the HIV-positive 
CKD group and the healthy controls. Urinary TGF-β3 
levels were however significantly lower in the HIVAN 
patients compared to the HIV-positive no-CKD group. 
While the majority of studies have suggested 

Figure 6 Serum and urine BMP-7 levels in HIV+ CKD patients and Controls (A and C) and HIV+ CKD histological types (B and D). Horizontal lines within each box 
indicate median values with the boxes extending from the 25th to the 75th percentile. Whiskers denote values within 1.5 x IQR, and dots indicate outlier values outside this 
range. p-values for each graph calculated comparing all participants (A and C) or all HIV-positive CKD patients (B and D) using the Kruskal–Wallis test with post-hoc 
analysis performed pairwise using Dunn’s Multiple Comparison Test. Significant associations: (A) HIV+ CKD vs healthy controls p<0.001; HIV+ no-CKD vs healthy controls 
p=0.001. (B) No significant associations. (C) HIV+ CKD vs HIV+ no-CKD p<0.001; HIV+ CKD vs healthy controls p=0.004; HIV+ no-CKD vs healthy controls p=0.042. (D) 
HIVAN vs MCD p=0.030; MCD vs FSGS p=0.048. 
Abbreviations: BMP, bone morphogenetic protein; CKD, chronic kidney disease; FSGS, Focal segmental glomerulosclerosis; HIVAN, HIV-associated nephropathy; HIV-ICD, 
HIV immune complex disease; IQR, Interquartile range; MCD, minimal change disease.
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a profibrotic role for the different TGF-β isoforms, recent 
studies have suggested that TGF-β2 and TGF-β3 may 
exert antifibrotic effects.36,37 A larger study is recom
mended to define the role of the different TGF-β isoforms.

TGF-β was elevated in HIV-infected individuals and 
may contribute to the pathogenesis of HIVAN.35–37 TGF-β 
expression is increased in progressive glomerular disease 
and these studies suggested that TGF-β is not specific for 
HIV kidney disease.19,35 Various cell types have been 
reported to increase local production of TGF-β in the 
kidneys of individuals with HIV such as mesangial 
cells;38,39 mononuclear cells in the peripheral blood have 
also been found to produce and secrete TGF-β, with asso
ciated elevation of TGF-β in the plasma and tissues.35

Urinary BMP-7 levels were significantly higher in the HIV 
CKD group compared with healthy controls, and were the 
highest in the minimal change disease group; this may be 
a reflection of the absence of fibrosis in minimal change 
disease. Urinary BMP-7 correlated with kidney function in 
our study. BMP-7 is a protein of the TGF-β super family and is 
postulated to counteract the profibrotic effects of TGF-β. 
BMP-7 has anti-inflammatory, anti-fibrotic and anti- 
oxidative effects, reduces extracellular matrix production, 
enhances extracellular matrix degradation by increasing the 
activity of matrix metalloproteinase (MMP)-2 and reducing 
activation of plasminogen activator inhibitor (PAI-1).40 In 
a study of diabetic nephropathy, serum BMP-7 and TGF-β 
levels correlated with the degree of interstitial fibrosis and 
tubular atrophy (IFTA). Increased levels of TGF-β and 
decreased levels of BMP-7 were noted with increasing 
IFTA.41 However, in vitro studies showing the anti-fibrotic 
effects of BMP-7 were not replicated in vivo.42

A recent study by Muiru et al23 has recommended that 
longitudinal studies utilizing serial measurements of multi
ple biomarkers would be of value in predicting the pre
sence and progression of kidney disease.

Our study was limited by its cross-sectional nature and 
sample size, especially in the different histological sub
groups. However, our study provides useful data for the 
clinician in differentiating HIVAN from other histological 
forms of CKD in patients with HIV infection. Future 
studies with a larger sample size are recommended to 
confirm these findings.

Conclusion
This study confirmed the presence of increased serum and 
urinary biomarkers of tubular injury in patients with HIVAN, 

and increased urinary biomarkers of fibrosis in HIV CKD. 
This biomarker marker profile of elevated serum and urinary 
NGAL, and high levels of urinary TGF-β1 in HIV-infected 
patients with CKD may indicate their value as a non-invasive 
diagnostic tool for the diagnosis of HIVAN.
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