
Abstract Endothelial injury is the primary pathogenic
event leading to the renal thrombotic microangiopathic
lesions typical of the hemolytic uremic syndrome (HUS).
Basic fibroblast growth factor (bFGF) is an angiogenic
growth factor released by injured endothelial cells. In a
previous study we have found a significant accumulation
of bFGF in human immunodeficiency virus (HIV)-trans-
genic mice with renal disease. Here we investigated
whether bFGF was accumulated in the circulation and
kidneys of two children with HIV-associated HUS (HIV-
HUS), and studied the mechanisms involved in this pro-
cess. The plasma levels of bFGF in children with HIV-
HUS (124±20 pg/ml) were increased compared with five
children with HIV nephropathy (49±6 pg/ml) and twenty
HIV-infected children without renal disease (26±4 pg/ml,
P<0.001). Immunohistochemistry and receptor binding
studies showed that bFGF was accumulated bound to
heparan sulfate proteoglycans in renal glomeruli and in-
terstitium surrounding renal tubules in HIV-HUS kid-
neys. Basic FGF stimulated the proliferation of mesan-
gial and urinary renal tubular epithelial cells isolated
from both patients. These findings support the hypothe-
sis that bFGF and its low-affinity binding sites may play
a relevant role in modulating the process of glomerular
and renal tubular regeneration during the acute stages of
HIV-HUS. A follow-up study in a larger sample popula-
tion is required to confirm these results.
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Introduction

The hemolytic uremic syndrome (HUS) is an important
cause of renal failure in children, characterized by throm-
bocytopenia, hemolytic anemia, and acute renal failure
[1, 2]. Classic (D+) or epidemic HUS is primarily associ-
ated with a diarrhea syndrome caused by bacteria produc-
ing Shiga-like toxins in young children [3, 4], while atyp-
ical or sporadic HUS is associated with multiple factors,
including infectious agents, malignancies, drugs, and sys-
temic diseases affecting older children or adults [4–7].

Several studies provide evidence for a chronic state of
endothelial injury in human immunodeficiency virus
(HIV)-infected patients [8–11]. Thus, it is possible that
vascular growth factors released by injured endothelial
cells may be released in the circulation of HIV-infected
children. In a previous study we found a significant ac-
cumulation of basic fibroblast growth factor (bFGF) in
the kidneys of HIV- transgenic mice with renal disease
[12]. bFGF is an angiogenic vascular growth factor that
is normally stored as an “inactive pool” in the vessel
wall and extracellular matrix, and is not present in the
circulation unless it is released during angiogenesis, tu-
mor growth, and/or vascular injury [13–15]. Since bFGF
is released by injured endothelial cells and peripheral
blood mononuclear cells [16], and is involved in the
pathogenesis of HIV nephropathy in transgenic mice
[12], we investigated changes in bFGF release and activ-
ity in two children who developed HIV-HUS.

We found a significant accumulation of biologically
active bFGF in the plasma, urine, and kidneys of these
children with HIV-HUS. In the kidney, bFGF was accu-
mulated bound to an increased number of heparan sulfate
proteoglycans (HSPG), in close association with prolif-
erating and regenerating renal tubular epithelial cells
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(RTEc). Moreover, mesangial cells and RTEc isolated
from these patients responded to bFGF mitogenic ef-
fects. Thus, when these results are interpreted in the con-
text of previous studies [12, 17, 18], they support the hy-
pothesis that bFGF is released into the circulation of
children with HIV-HUS and stored bound to an in-
creased number of renal bFGF low-affinity receptors
leading to the proliferation of renal cells.

Patients and methods

Patients

This study was approved by the Institutional Review Board of
Children’s National Medical Center in Washington D.C. We
studied two HIV-infected children who developed HIV-HUS.
The epidemiology, diagnosis, treatment, and clinical outcome of
both patients have been described in detail in a previous publica-
tion [7]. The diagnosis of HIV-HUS in both patients was con-
firmed clinically and histologically [7]. Both patients developed
a clinical course characterized by severe renal tubular injury and
progressive downhill course leading to end-stage renal disease
and death.

Patient 1 was a 12-year-old HIV-positive white male who ac-
quired HIV-1 through a blood transfusion at age 3 years. At the
time of admission, his blood urea nitrogen was 23 mg/dl and se-
rum creatinine 1.5 mg/dl. His hematocrit was 19%, hemoglobin
6.5 g/dl, white blood count 2,200/µl platelet count 120,000/µl, re-
ticulocyte count 8.6%, haptoglobin <10 mg/dl, and fibrinogen 323
mg/dl. Cultures of his blood, urine, and stools were negative. The
peripheral smear showed evidence of microangiopathic hemolytic
anemia. His prothrombin time was 10.9 s, partial thromboplastin
time 32.4 s, and fibrin degradation products were negative. His
urinalysis revealed a pH of 8.5, specific gravity of 1.008, 4+ pro-
tein, 3+ blood, and several granular casts. On renal ultrasonogra-
phy both kidneys were echogenic. A renal biopsy was performed
when his creatinine rose to 2.6 mg/dl and hemodialysis was initiat-
ed when his serum creatinine reached 7.3 mg/dl.

Patient 2 was a 6-month-old African-American female with HIV
encephalopathy who acquired HIV-1 through vertical transmis-
sion. At the time of admission, her blood urea nitrogen was 
8 mg/dl and serum creatinine 0.6 mg/dl. Her hematocrit was 20%,
hemoglobin 6.4 g/dl, white blood count 6,000/µl, platelet count
58,000/µl, reticulocytes count 2.5%, and haptoglobin <10 mg/dl.
The peripheral smear showed evidence of microangiopathic hemo-
lytic anemia. Prothrombin time was 11.4 s, partial thromoboplas-
tin time 62.1 s, and fibrinogen 152 mg/dl. Fibrin degradation prod-
ucts were negative. Her urinalysis revealed a pH of 6.0, specific
gravity of 1.007, 4+ protein, 3+ blood, and several granular casts.
During hospitalization her creatinine rose to 4.5 mg/dl.

Samples

Two plasma and two urine samples were obtained from both pa-
tients with HIV-HUS during acute stages of the disease, while the
patients were not undergoing dialysis treatment and the serum cre-
atinine levels were approximately twice the normal values accord-
ing to the patients’age. Control samples were obtained from HIV-
infected children without renal disease (n=20) and children with
HIV nephropathy (n=5). In addition, to determine whether the
changes in bFGF levels were specific for HIV-HUS, these results
were compared with the results obtained in a previous study of ten
Argentinean children with Shiga toxin-induced HUS [17].

Renal sections

For immunohistochemistry and receptor binding studies, renal
sections obtained at autopsy or renal biopsy from both patients
with HIV-HUS were compared with renal sections from six HIV-
infected children without renal disease; two children with complex
congenital heart disease with secondary renal failure and congest-
ed kidneys.

Cell cultures

Human mesangial cells were isolated from renal glomeruli derived
from patient no. 2 following procedures described previously [19].
Briefly, the kidney cortex was minced into 1-mm fragments and
passed through a graded series of metal sieves. The resulting ma-
terial, containing approximately >95% glomeruli by microscopic
examination was incubated with collagenase (Sigma type IV, Sig-
ma, St Louis, Mo., USA) at 37°C. After centrifugation pelleted
glomeruli were resuspended in 50% Dulbecco’s modified Eagles
medium, 50% Ham’s F12 (Biofluid, Rockville, Md., USA) con-
taining 4.5 g/l glucose, 20% heat-inactivated fetal calf serum
(Gibco), 2 mM glutamate, 100 U/ml penicillin,10 µg/ml streptomy-
cin, and 8 µM insulin (Sigma). Cells with mesangial cell morphol-
ogy grew from the attached glomeruli. These cells were trypsini-
zed, characterized, and expanded by plating them on tissue culture
dishes as described before [19]. RTEc were isolated from the urine
of both patients with HIV-HUS as previously described [20, 21].
Briefly, the urine was centrifuged and the cell pellets were plated
on collagen-coated dishes and grown in the following selected
RTEc culture media: Click RPMI (Quality Biologcial, Gaithers-
burg, Md., USA) supplemented with 1% fetal bovine serum (lot
no. A9234J, Gemini Bioproducts, Calabasas, Calif., USA), 5 ml/
500 ml (100×penicillin/streptomycin), 1 mM HEPES, 2 mM gluta-
mine, insulin (5 µg/ml), transferrin (5 µg/ml), and dexamethasone
5×10–8 M ( Sigma). Cells with RTEc morphology were identified
and cloned using cloning rings, while all other attached cells were
removed with a cell scraper. RTEc were grown to confluency,
trypsinized, and characterized using standard markers for epithe-
lial cells as previously described [19, 22].

Characterization of bFGF activity

Plasma and urine bFGF levels were measured by enzyme-linked
immunoasorbent assays (R and D Systems, Minneapolis Minn.,
USA) as directed by the manufacture’s instructions. The detection
limit of bFGF was 0.5 pg/ml. Urine values were expressed as pi-
cograms bFGF per gram of creatinine. To confirm the presence of
bFGF in the urine of children with HIV-HUS, urine samples were
concentrated (5×) using Amicon filters (30 kilodaltons molecular
weight cut-off) and mixed with heparin-Sepharose (HS) beads.
After centrifugation, HS beads were washed with increasing con-
centrations of sodium chloride (NaCl) (0.6 M–2 M). Eluted sam-
ples (5×) were loaded onto sodium dodecyl sulfate-polyacryla-
mide gels and the presence of bFGF confirmed by Western blot
analysis [12]. Cell proliferation was measured by [3H] thymidine
incorporation [12, 19]. All cell culture experiments were per-
formed in triplicate and repeated at least three times.

Immunohistochemistry

The distribution of renal bFGF was determined by indirect immu-
nohistochemistry using an avidin-biotin-peroxidase kit (Vector
Laboratories, Burlingame, Calif., USA) as previously described
[12, 23, 24]. We used affinity purified IgG fractions (2.5 µg/ml)
from a rabbit polyclonal antibody directed against a unique peptide
sequence of bFGF (generously provided by Dr. Andrew Baird,
PRIZM Pharmaceuticals, San Diego, Calif., USA). The specificity
of this antibody in human sections has been demonstrated before
[24]. Controls included replacing the primary antibody with equiv-



alent concentrations of nonimmune IgG and using a primary anti-
body that had been blocked with a 20-fold molar excess of recom-
binant bFGF. An additional monoclonal antibody against bovine
bFGF (Upstate Biotechnology, Lake Placid, N.Y., USA) was used
to confirm the results. In addition, the following antibodies were
used: mAb 10E4 (gift from Seikagaku America, Ijamsville, Md.,
USA) to detect HSPG, α-actin smooth muscle cell antigen (Sig-
ma), cytokeratin, and proliferating cell nuclear antigen (PCNA)
(Vector). The distribution and staining intensity pattern in renal
glomeruli, tubules, and extracellular matrix was evaluated in 5 mi-
croscopic fields (10×) in each sections, using a score ranging from
0 (no staining) to 4+ (maximum staining). Only renal sections
stained with the same antibody and under identical experimental
conditions were compared.

Receptor binding studies

Binding studies were performed on frozen human renal sections by
ex vivo autoradiography as previously described [12]. Briefly, sec-
tions were preincubated for 15 min in binding buffer (DMEM, 20
mM HEPES, pH 7.4 and 0.15% gelatin) followed by an incubation
in the same buffer containing 0.25 nM [125I]-bFGF (Amersham,
Arlington Heights Ill., USA) at 4°C for 2 h. Nonspecific binding
was determined by incubating sections with 5 µM unlabelled bFGF
plus 30 µg/ml heparin or in the presence of 300 µg/ml heparin
alone [17, 25]. Heparin was used as previously described by Mos-
catelli [25], because addition of unlabelled bFGF alone did not
completely displace labelled bFGF. The affinity of renal binding
sites for bFGF was measured by incubating sections with 0.25 nM
[125I]-bFGF in the absence or presence of two different concentra-
tions of heparin (30 and 300 µg/ml). These concentrations of hepa-
rin were selected because they can displace bFGF from its low- and
high-affinity binding sites in normal kidney sections [12]. Alterna-
tively, the binding of bFGF to its low-affinity receptors was esti-
mated by counting the bFGF binding before and after washing the
renal sections with 2 mM NaCl, 20 mM HEPES, pH 7.4 for 1 min,
as described by Moscatelli [25]. In addition, to confirm the binding
of bFGF to renal HSPG, representative sections from control and
HIV-HUS children were preincubated at 37°C with 0.1 units/ml
heparitinase (Seikagaku America) for 1 h [26], and binding studies
were performed at the end of this incubation period. The slides
were then washed and the dried labelled sections, together with a
set of [125I] standards (Amersham), were exposed to [3H]-labelled
Ultrafilm (Amersham). The protein concentration in the renal sec-
tions was measured using the method of Miller et al. [27] as we
have previously described [28]. In each experiment, equal amounts
of iodinated growth factor or heparin were added to all sections, in-
cubated under the same conditions, and autoradiographs were ex-
posed for equal lengths of time. Films were developed with D19
Kodak developer for 5 min at 4°C and differences in binding sites
were determined by computerized microdensitometry in specific
kidney areas of 0.22 mm2 as previously described [12]. The autora-
diography measurements were performed in areas of similar pro-
tein concentration and expressed in optical density units. Ten dif-
ferent glomeruli were counted by computerized microdensitometry
in each renal section, and these results were pooled to determine
the mean optical density values corresponding to the bFGF binding
located within glomeruli in each renal section.

Statistical analysis

Results are expressed as the mean±SD of values obtained in tripli-
cate from at least three different experiments. Differences between
groups were compared by Student’s t-test. P values less than 0.05
were considered significant. When more than two means were
compared, significance was determined by one-way analysis of
variance followed by multiple comparisons using the Student-
Neuman-Keul’s test. For statistical analysis, values above or be-
low the limits of detection of the assay were given the highest or
lowest values according to each assay.
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Results

Detection of bFGF

By immunoassay, the highest bFGF plasma levels were
found in children with HIV-HUS, followed by children
with HIV-associated nephropathy (Fig. 1a). Moreover, a
plasma sample obtained 1 month before patient no. 2 de-
veloped HIV-HUS showed approximately 3 times lower
bFGF levels than during the acute stages of HUS (38 and
137 pg/ml bFGF, before and during HUS, respectively).
Unfortunately, no samples were obtained before patient
no. 1 developed HUS.

The changes in bFGF urine levels followed the same
pattern as bFGF plasma levels. The two patients with HIV-
HUS had the highest levels of urine bFGF (mean±SD,
180,000±16,600 pg/g; P<0.001 when compared with all
other groups). Western blot analysis confirmed the pres-
ence of bFGF in these HIV-HUS samples (Fig. 1b). Chil-
dren with HIV-associated nephropathy (n=5) also had high
bFGF levels (mean±SD 67, 600±8,400 pg/g; P<0.001
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Fig. 1 a Mean±SD basic fibroblast growth factor (bFGF) plasma
levels in 20 human immunodeficiency virus (HIV)-infected chil-
dren, 5 children with HIV-associated nephropathy (HIVAN), and 2
children with HIV-hemolytic uremic syndrome (HUS). * P<0.05
compared with control children; ** P<0.001 compared with all
other groups. b Western blot analysis for bFGF in urine samples
derived from HIV-infected children (C) and children with HIV-
HUS (HIV-HUS). Human recombinant bFGF (10 ng/ml) was used
as a positive control. kDa, kilodaltons
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when compared with all other groups). However, HIV-in-
fected children without renal disease (n=20) had mean
(±SD) bFGF urine levels of 7,890±1,053 pg/g.

To determine whether the observed changes in bFGF
plasma and urine concentrations were specific for HIV-
HUS, we compared the bFGF levels measured in chil-
dren with HIV-HUS with those measured in a previous
study in ten Argentinean children with Shiga toxin-in-
duced HUS [17]. We found that both clinical forms of
HUS were associated with significant changes in bFGF
plasma and urine concentrations of approximately simi-
lar magnitude (data not shown).

By immunohistochemistry, bFGF staining in HIV-HUS
kidney sections was significantly increased in renal glo-
meruli (Fig. 2a, score 4) when compared with all control
sections. Moreover, the accumulation of bFGF in renal
glomeruli of children with HIV-HUS was associated with
the presence of glomerular mesangial cells expressing
the α-actin smooth muscle cell antigen and the PCNA
antigen (Fig. 2b), suggesting the presence of an “activat-
ed” mesangial cell phenotype and cell proliferation. Re-
nal glomeruli from HIV-HUS kidney sections stained

with the control antibody did not show any specific
staining (Fig. 2c). In contrast to sections from HIV-HUS,
kidneys, bFGF staining was not detected in glomeruli
from control samples (Fig. 2d, score O), while only min-
imal bFGF staining was detected surrounding proximal
tubules (Fig. 2d, score 1). The staining of bFGF in the
peritubular renal extracellular matrix, was also signifi-
cantly increased in HIV-HUS renal sections (Fig. 2e,
score 4), compared with all other control sections (Fig.
2f, score 1). Finally, renal vessels from children with
HIV-HUS and control sections showed similar bFGF
staining patterns (data not shown, average score 4 in
both groups).

In addition, bFGF induced a fourfold increase in thy-
midine incorporation in cultured mesangial cells derived
from patient no. 2 (control, 1,200±134 cpm/well vs. FGF,
4,156±242 cpm/well; P<0.001). These results demonstrate
that mesangial cells derived from patients with HIV-HUS,
and therefore exposed to high levels of bFGF and other
growth factors known to modulate bFGF activity in vivo,
also responded to bFGF mitogenic effects in vitro.

Fig. 2 a shows representative
immunohistochemistry staining
for bFGF in a renal glomerulus
from one child with HIV-HUS
(score 4);
b shows glomerular cells from
the same child with HIV-HUS
stained red with a proliferating
cell nuclear antigen (PCNA)
antibody and blue with an α-
actin smooth muscle antibody;
c shows a glomerulus from the
same child with HIV-HUS
stained with the control anti-
body;
d shows representative staining
for bFGF in a control renal sec-
tion from a child with acute re-
nal failure associated with a
complex congenital heart dis-
ease; minimal bFGF staining is
detected surrounding glomeru-
lar Bowman’s capsule and peri-
tubular renal extracellular ma-
trix, but not in glomeruli;
e shows a representative HIV-
HUS renal section showing
staining for bFGF in the inter-
stitium surrounding renal tu-
bules;
f shows peritubular interstitial
staining of bFGF in a control
section.
(Magnification a–c, e, f ×500;
d×360)
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Effects of bFGF on RTEc

Since bFGF was localized in the renal interstitium close to
RTEc, we studied whether bFGF could stimulate the
growth of RTEc isolated from both HIV-HUS patients.
Primary RTEc derived from the urine of both HIV-HUS
children expressed bFGF, proliferated rapidly, and formed
tubular-like structures when cultured on type I collagen
gels (data not shown). These findings suggest that these
RTEc can penetrate the collagen gels. In a previous study,
we have shown that primary RTEc derived from HIV-
transgenic mice with renal disease formed tubular-like
structures when cultured on type I collagen gels, while
primary RTEc derived from littermate control mice only
formed similar tubular-like structures when exposed to ex-

ogenous bFGF [17]. In addition, high levels of bFGF were
found in the culture media of the human primary RTEc
isolated from HIV-HUS patients (average 20 pg/ml 1×106

cells). Finally, human recombinant bFGF induced prolifer-
ation of RTEc derived from both HIV-HUS affected chil-
dren by approximately twofold (control RTEc, 75±11×103

cell/well vs. bFGF-treated RTEc, 156±24 103 cell/well;
P<0.001). Since under normal conditions, epithelial cells
can not be cultured from the urine of children, additional
studies will be required to define whether similar changes
can be seen in urinary RTEc isolated from other renal
acute pediatric renal diseases.

Basic FGF low-affinity receptors

By ex vivo autoradiography studies performed in control
kidney sections, the highest affinity binding sites were lo-
calized in glomeruli and vascular structures in the renal
cortex (Fig. 3a). Renal sections from children with HIV-
HUS showed an average 39% increase in glomerular
bFGF binding sites compared with control sections (HIV-
HUS, 144±12 units; control 86±7 OD units, *P<0.05).
Nonspecific binding was less than 10% of the total bind-
ing. In HIV-HUS kidneys, bFGF binding was detected in
glomeruli and renal vessels, but was particularly in-
creased in the renal interstitium (controls, 8±3 vs. HIV-
HUS 32±6 OD units; P<0.001; Fig. 3a and c). The bind-
ing of bFGF to these sites could not be completely dis-

Fig. 3 In vitro autoradiography and immunohistochemistry stud-
ies in control and HIV-HUS kidney sections; a shows an autora-
diographic study in a representative renal section from a control
child with acute renal failure associated with a complex congenital
heart disease; total bFGF binding was localized to glomeruli (thick
arrow) and renal vessels (thin arrow); in contrast a representative
autoradiography of a renal section from a child with HIV-HUS 
(c, patient 2) revealed total bFGF binding in similar areas, but sig-
nificantly increased in the renal interstitium; d shows immunohis-
tochemistry staining for heparan sulfate proteoglycans (HSPG) us-
ing the 10E4 antibody (gift from Seikagaku) in a renal section
from a child with HIV-HUS (patient 1); b shows elimination of the
HSPG staining by heparitinase treatment (0.1 unit/ml, Seikagaku)
in a renal section from the same child. (Magnification a and c,
×50; b and d, ×360)



placed by even a 100-fold excess of unlabelled bFGF,
suggesting the presence of a very large reservoir of bFGF
low-affinity binding sites that could not be saturated by
bFGF. This binding however, was partially displaced by
incubating the sections with 30 µg/ml heparin and com-
pletely displaced by a heparin concentration of 300 µg/ml
or by heparitinase treatment (0.1 U/ml) (data not shown).
These experiments clearly demonstrate that bFGF binds
to high-affinity receptors and to renal HSPG. Immuno-
histochemisty studies performed on kidney sections using
a monoclonal antibody that specifically recognizes HSPG
(mAb10E4) (Fig. 3b and d) confirmed the results ob-
tained by autoradiography. The staining of HSPG in renal
sections from children with HIV-HUS (Fig. 3d) was elim-
inated by heparitinase treatment (Fig. 3b).

Discussion

bFGF is an 18-kilodalton protein belonging to the family
of heparin-binding FGFs [13–15]. Unlike most other
members of the FGF family, bFGF lacks a conventional
signal sequence for secretion and is primarily a cell-as-
sociated protein. Thus, its presence in the circulation
suggests an undergoing process of tumor growth, angio-
genesis, or vascular injury [15, 18, 29]. Here, we demon-
strate the presence of very high circulating and renal tis-
sue levels of biologically active bFGF in two children
with HIV-HUS. These findings, when viewed in the con-
text of previous published studies of HIV-1 transgenic
mice [12] and children with classic HUS [17], suggest
that bFGF and its low-affinity receptors may have a rele-
vant clinical role during the acute stages of HIV-HUS.

Recent studies have demonstrated an important role
of bFGF in the pathogenesis and progression of renal
disease. In a rat model of immunologically mediated glo-
merulonephritis, bFGF released by injured cells induced
proliferation of mesangial cells [30]. Long-term treat-
ment of normal rats with bFGF induces podocyte injury
and focal segmental glomerulosclerosis [31, 32], two le-
sions frequently seen in HIV-associated nephropathy.
Moreover, bFGF has been linked to the development of
tubulointerstitial injury in humans [26] and HIV-1 trans-
genic mice [12]. These studies suggest that bFGF is not
only a relevant growth factor for endothelial cells, but an
important modulator of renal mesangial and tubular epi-
thelial cell growth and regeneration.

The accumulation of bFGF in glomeruli and renal ex-
tracellular matrix in HIV-HUS affected children contrast
with the distribution of renal bFGF in the other control
children. Under normal conditions, bFGF is detected in
glomerular Bowman’s capsule and the wall of blood ves-
sels, with minimal staining surrounding proximal tubules
or renal extracellular matrix. In previous studies, a similar
distribution of bFGF was found in normal [33] or dis-
eased [26] adult human kidneys, with the exception of pa-
tients with renal cell carcinoma [33]. However, in HIV-
HUS kidneys, bFGF was significantly increased in glo-
meruli and the renal tubulointerstitium. In a previous

study [17] we found similar high circulating and renal tis-
sue levels of bFGF in children undergoing the acute stag-
es of classic or Shiga toxin-induced HUS. Thus, these
preliminary results support the hypothesis that bFGF re-
leased by injured glomerular endothelial cells accumu-
lates in the circulation and kidneys of children with HUS
leading to the proliferation of renal cells. Moreover, since
the mitogenic effects of bFGF may vary depending on the
number of bFGF low-affinity receptors expressed in the
target tissues [12–14] and the presence of preexisting in-
jury in these tissues [34], HIV-infected children undergo-
ing the acute stages of HUS may be more sensitive to
bFGF mitogenic effects than HIV-negative children with
classic HUS or other acute pediatric renal diseases. How-
ever, only a prospective clinical study performed in a
large population of children with HIV-HUS, classic HUS,
and other acute pediatric renal diseases will define the
role of bFGF in each of these circumstances.

At least four mechanisms may explain the release and
accumulation of bFGF in HIV-infected children. First,
bFGF is abundantly expressed in human fetal kidneys
[24], and young children express higher renal levels of
bFGF than adults. Second, vascular injury is an impor-
tant component of the pathogenesis of the acquired im-
munodeficiency syndrome [8–10], even in the absence of
HUS. Thus, bFGF may be constantly released during this
process, leading to higher bFGF plasma levels in HIV-in-
fected children. Third, HIV-transgenic mice with renal
disease express an increased number of renal bFGF low-
affinity binding sites [12]. These bindings sites are
HSPG localized on the cell surface, extracellular matrix,
and basement membranes [12, 14, 23, 24, 33], and may
act as a “sink” trapping circulating bFGF [12]. When
bFGF is bound to HSPG, it becomes an integral part of
the cell or extracellular matrix structure, and it is protect-
ed from proteolytic degradation and inactivation [13, 14,
25]. However, HIV-infected mononuclear cells infiltrat-
ing the kidney produce and release proteases capable of
releasing bFGF from the extracellular matrix [35, 36].
Thus, the presence of chronic and persistent HIV-in-
duced endothelial injury and recruitment of mononuclear
cells, in combination with an increased number of bFGF
low-affinity binding sites, may explain the high plasma
levels of bFGF found in children with HIV-associated
nephropathy. All these mechanisms are typical features
of HIV-HUS but may be clinically relevant in other
forms of HUS as well. Finally, it could be argued that the
changes in renal function per se may lead to the accumu-
lation of bFGF in the circulation and the kidney. Howev-
er, since bFGF is normally not released into the circula-
tion by normal endothelial cells, it is unlikely that chang-
es in renal function per se, in the absence of endothelial
injury, could explain the presence of such high levels of
bFGF in children with HIV-HUS. This notion is support-
ed by the low levels of bFGF detected by immunohisto-
chemistry in our two control kidney sections from chil-
dren with hemodynamically induced acute renal failure.

Several studies support the concept that bFGF may
have multiple roles in the pathogenesis of HUS. For ex-
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ample, bFGF is known to modulate endothelial cell
growth, the activity of several proteases, and the plasmi-
nogen-plasmin pathway involved in vascular regenera-
tion [37]. High levels of plasminogen activator inhibitor-
1 (PAI-1) are found in the circulation [38] and renal glo-
meruli [39] of HUS-affected children, where PAI-1 fa-
vors the accumulation of fibrin in glomerular capillaries.
Thus, the increased levels of bFGF may influence glom-
erular fibrinolytic mechanisms known to play a crucial
role in tissue remodelling and vascular regeneration. In
addition, a recent study has shown that plasma samples
derived from adult patients with HIV-thrombotic thromb-
ocytopenic purpura or sporadic forms of HUS induce ap-
optosis in renal microvascular endothelial cells [40].
bFGF inhibits endothelial cell apoptosis by Bcl-2-depen-
dent and -independent mechanisms [41, 42], but it may
induce apoptosis in other cell types [43, 44]. Based on
these studies, it is tempting to speculate that high levels
of bFGF may play an important role in modulating solu-
ble and local tissue factors involved in apoptosis in renal
cells. Here, we have shown that RTEc and mesangial
cells isolated from children with HIV-HUS, and there-
fore exposed to high levels of bFGF in vivo, continued
to respond to bFGF mitogenic effects in vitro. Thus,
these findings strongly suggest that bFGF is an impor-
tant renal mitogen during the acute stages of HIV-HUS,
and support the notion that the urine levels of bFGF may
be a useful marker to monitor the proliferative response
of the kidney during the nonoliguric acute stages of HIV-
HUS [7]. However, at present, we can not determine the
exact clinical role that bFGF might have in the pathogen-
esis of HUS. We speculate that during the initial stages
of HUS, bFGF may have the protective role of facilitat-
ing the regeneration of endothelial, mesangial, and epi-
thelial cells, and of preventing apoptosis in these cells.
Subsequently, if too much bFGF remains accumulated in
renal glomeruli or peritubular extracellular matrix, bFGF
may facilitate the development of focal segmental glo-
merulosclerosis [31, 32] and chronic renal tubulointersti-
tial lesions [12, 26].

In summary, we have shown high levels of bFGF in
the circulation and kidneys from children with HIV-
HUS. Although a prospective clinical study in a large
number of patients is necessary to confirm these results,
the accumulation of bFGF in HIV-transgenic mice with
renal disease [12] and in children with Shiga toxin-in-
duced HUS [17], suggests that these findings may be
clinically relevant. Moreover, although these changes ap-
pear not to be restricted to HIV-HUS, the HIV-associated
cytokine milieu may induce specific changes in the ex-
pression of renal bFGF low-affinity receptors and affect
the clearance of bFGF, leading to long-term renal le-
sions. Thus, based on these data, we hypothesize that
HIV-infected children may be more sensitive to the renal
mitogenic and fibrogenic effects of bFGF. This hypothe-
sis may explain at least in part the marked renal prolifer-
ative response in HIV-HUS kidneys, and suggests that
bFGF could be a good marker to monitor the outcome of
HIV-HUS in children. Hopefully, a more-clear under-

standing of the mechanisms responsible for bFGF bind-
ing, cleareance, and pathogenic effects may facilitate the
development of novel therapies to prevent the progres-
sion of renal disease and the high mortality rates associ-
ated with HIV-HUS in children.
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