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Membranoproliferative Glomerulonephritis Associated with HCV
Infection in Native Kidneys and Renal Allograft

Hepatitis C viral infection occurs relatively low in Korea compared to hepatitis
B. However, it progresses into chronic hepatitis and cirrhosis more frequently
than HBV. It may be associated with cryoglobulinemia and glomerulonephritis,
both in native and transplanted kidneys. We report three cases of membrano-
proliferative glomerulonephritis type | in anti-HCV positive, but cryoglobulin-
negative patients, presenting massive proteinuria, two in native kidneys and
one in an allograft. HCV-RNA was positive in sera of two patients. Two were
cirrhotic and ALT was mildly elevated in two. In addition to the characteristic
membranoproliferative feature, two native kidneys overlapped with features of
diabetic nephropathy. Immunoflucrescence demonstrated mainly IgM and C3
deposits along the peripheral capillary walls. Subendothelial electron dense
deposits were present in the glomeruli of all three cases with subepithelial and
intramembranous deposits in two. HCV-RNA was associated not only with a
greater amount of immune deposits but also with subepithelial and intramem-
branous deposits, indicating the role of active infection.
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INTRODUCTION

Glomerulonephritis can develop in association with
hepatitis C infection, mostly of the membranoprolifera-
tive (1-7) ot rarely membranous types (8-11). The patho-
genic role of the virus in the development of glomer-
ulonephritis remains uncertain. Some argue that cryoglo-
bulinemia, especially of type II, is responsible for glomet-
ulonephritis, based on the frequent association and mot-
phological similatities between them (12-18). Howevet,
some cases of noncryoglobulinemic glomerulonephritis
have been reported (19), implicating the crucial role of
HCV in the mediation of glomerular injuty. Recently
Cosio et al. (20) reported a large group of HCV-infected
patients and speculated that the virus mediates injuty
either directly or via indirect inflammatory and immuno-
logic stimulation. They suggested that HCV was respon-
sible for not only immune complex deposition, but also
endothelial injury and subendothelial widening similar to
transplant  glomerulopathy. We expetienced 3 cases of
glomerulonephritis with membranoproliferative features,
both in native as well as graft kidneys of anti-HCV pos-
itive, ctyoglobulin-negative patients. All had immune
complex deposition in the glomeruli which tended to be
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massive in the presence of HCV-RNA in the serum. We
reviewed the clinical histoty of these cases and discuss
the role of HCV in glomerulonephritis.

CASE HISTORY

Case 1

A Gl-year-old chronic alcoholic male was admitted
because of abdominal distension for 2 months. He had
suffered from diabetes mellitus for 20 years without
retinopathy and from liver citrhosis for about 8 months.
He had suffered from renal problems the previous year.
He was mildly icteric. The abdomen was distended with
a fluid wave sign and shifting dullness. Pitting edema
was present on both lower extremities. Blood pressure
was 110/70 mmHg, pulse rate 70/min, and body tem-
perature 36.1°C. On admission, hemoglobin was 9.8
g/dL, hematocrit 30%, white blood cells 5,260/mm’ and
platelet 173,000/mm’. Sodium was 135 mM/L, potas-
sium 5.4 mM/L, chloride 109 mM/L and CO, content
18 mM/L. Blood urea nitrogen was 25 mg/dL, creatinine
1.4 mg/dL, total protein 4.7 g/dL, albumin 1.9 g/dL,
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cholesterol 154 mg/dL, urate 4.7 mg/dL, AST 7 IU/L,
and ALT 28 TU/L. Serologic matkets for B and C hepa-
titis were as follows: HBs Ag(-), anti-HBs Ab(-), anti-
HBc Ab(+) and anti-HCV Ab(+). HCV-RNA detected
by RT-PCR was negative. Utinalysis tevealed proteinutia
of more than 300 mg/dL, and 3+ blood with 15-20 red
blood cells/HPF under microscopy. Alpha fetoptotein was
less than 2 TU/ml. Antinuclear antibody (ANA), anti-
DNA Ab, cryoglobulin wete negative. CRP was 0.47
mg/dL, ASO titer 199 IU/mlL, rheumatoid factor 21 TU/
mL, and ESR 42 mmvht. IgG was 1,530 mg/dL, IgA 547
mg/dL, and IgM 89 mg/dL. C3 was 62 mg/dL and C4
23 mg/dL. Glycated hemoglobin was 7.1%. Twenty-
four-hout urine protein was 20.4 g and creatinine cleat-
ance was 37 mL/min/1.73 mm’. Renal biopsy was per-
formed on the 8th hospital day.

Case 2

A 44-year-old female was admitted because of abdom-
inal distension for 1 month. She had suffered from
diabetes mellitus for 10 years, and was being treated with
insulin. Diabetic tetinopathy and hypertension had been
diagnosed the previous year. She had a past histoty of
left adrenalectomy 20 years ago and ectopic pregnancy
13 years ago. HCV hepatitis with liver cirthosis was
diagnosed 3 years ago. There was no history of habitual
alcohol intake ot smoking. She complained of generalized
malaise, headache, nausea, vomiting, anorexia and edema
of the lower extremities. She was mildly icteric. The
abdomen was distended with a fluid wave sign. The liver
was palpable at one finger breadth below the costal mat-
gin. Pitting edema was present on both lower extremi-
ties. Blood pressure was 160/90 mmHg, pulse rate 68/
min, tespiratoty rate 20/min and body temperature 36.2
C. On admission, hemoglobin was 10.1 g/dL, white
blood cells 4,700/mm’ and platelet 131,000/mm’. Sodi-
um was 135 mM/L, potassium 4.5 mM/L, chloride 102
mM/L and CO, content 24 mM/L. Blood urea nitrogen
was 23 mg/dL, creatinine 1.1 mg/dL, calcum 8 mg/dL,
phosphorus 4 mg/dL, total protein 5.5 g/dL, albumin 2.6
g/dL, cholesterol 183 mg/dL, urate 5.9 mg/dL, AST 12
IU/L, ALT 39 IU/L, gamma glutamyl transferase 13
TU/L. Serologic matkers for B and C hepatitis were as
follows: HBs Ag(-), anti-HBs Ab(-), antiHBc Ab(+) and
anti-HCV Ab(+). HCV-RNA detected by RT-PCR was
positive. Urinalysis revealed proteinutia of mote than 300
mg/dL, glucose of more than 1 g/dL, and 3+ blood with
many ted blood cells/HPF under microscopy. ANA, anti-
DNA Ab and ctyoglobulin were negative. CRP was 0.38
mg/dL, ASO titer 51.8 TU/mL, rheumatoid factor 39.2
[U/mlL. IgG was 1,560 mg/dL, IgA 333 mg/dL, and IgM
155 mg/dL. C3 was 52 mg/dL and C4 41 mg/dL.
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Twenty-fout-hout urine protein was 4.2 g and creatinine
clearance was 69.8 mL/min/1.73 mm’.

Case 3

A 42 year-old male received a renal allograft from a
living unrelated donor in October 1991. He had chronic
glomerulonephritis of undetermined type. He had started
chronic ambulatory petitoneal dialysis (CAPD) in 1985.
In 1986, he suffered from hepatitis and at that time HBs
Ag was negative. Peritoneoscopic liver biopsy disclosed
acute viral hepatitis of the NANB type. Anti-HCV Ab
was positive before transplantation. His posttransplant
course was uneventful with no episodes of acute tejection
for 1.5 yeats, when hypoalbuminemia and proteinuria
developed. Utinalysis showed proteinutia of 300 mg/dL,
blood 3+ with red blood cells of 10-30/HPF and some
coarsely granular casts. Twenty-four-hour utine protein
excretion was 4.7 g. Hemoglobin was 14.1 g/dL. Blood
utea nitrogen was 65.4 mg/dL, creatinine 1.9 mg/dL,
total protein 5.1 g/dL, albumin 3.0 g/dL, AST 30 IU/L,
ALT 48 TU/L. HBs Ag and anti-HBs Ab were negative,
but anti-HBc Ab was positive. IgG anti-HCV Ab was
positive, but IgM ant-HCV Ab was negative. HCV-
RNA was detected by polymerase chain reaction. ANA,
anti-mitochondtial antibody and antineutrophil cytoplas-
mic autoantibody, theumatoid factor and cryoglobulin
wete negative. Circulating immune complex level was 39
ug/mL (control 25 pg/mlL) (Table 1).

Table 1. Summary of clinical and laboratory data

Parameter Case 1 Case 2 Case 3

Age (yrs)/sex 61/M 44/F 42/M

Associated disease DM DM

Serology
BUN/S. creatinine (mg/dL) 25114 23/11 654/19
T. Protein/Albumin (g/dL) 4719 5526 51/30
AST (mg/dL) 7 12 30
ALT (mg/dL) 28 39 48
CIC* (ug/mL)(control<25) ND ND 39
C3 (mg/dL) 62 52 ND
C4 (mg/dL) 23 41 ND
cryoglobulin - - -
rheumatoid factor (IU/mL) 21 39.2 -
ANA/antiDNA Ab -/~ -/- -/-
antineutrophil autoantibody ND ND -

Creatinine clearance 37 69.8 90.6

(mL/min/1.73 mm’)

24 hour urine protein (g/d) 204 4.2 4.7

microhematuria 3+ 3+ 3+
Viral marker
HBs Ag/antiHBs Ab/antiHBc Ab  —/~/+ =+
antiHCV Ab/HCV-RNA +- ++ ++

*CIC: circulating immune complex
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Fig. 1. This photomicrograph depicts an enlarged glomerulus
with mesangial proliferation and thickening of peripheral base-
ment membranes (methenamine silver-periodic acid, >x400).

Renal biopsy findings

Case 1

The biopsy core revealed two glomeruli, one with global
sclerosis and the other with an increased mesangial matrix
and thickened basement membranes (Fig. 1). Interstitium
was moderately fibrotic with minimal mononuclear cell
infileration. Tubules wete focally atrophied and contained
casts. Arterioles were thickened by subendothelial hyalin.
Immunofluotescence revealed five glomeruli with minimal
IgM, IgA and C3 deposition. Electron microscopy revealed
thickened lamina densa with subendothelial and mesangial
electron dense deposits. Epithelial foot processes were dif-
fusely effaced.

Case 2

The biopsy revealed 12 glomeruli with irregular thick-
ening of the glomerular basement membrane and mesan-
gial widening. Tubules were itregulatrly dilated by casts.
Both afferent and efferent arterioles showed hyalinized
thickening. Immunofluotescence examination revealed 24
glomeruli with granular IgM(++), IgA(+), C3(++), Clq
(++) and fibrinogen deposits along the capillary walls,
and minimal IgA, IgM, C3 and fibtinogen deposits in
the mesangium. Electron microscopy showed marked
thickening of the glomerular basement membranes by
homogenous thickening of lamina densa, complicated by
electron dense deposits and interposition of cells at the
petiphery. Electron dense deposits were present in suben-
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Fig. 2. Immunofluorescence microscopy shows pseudolinear
and granular staining of IgG mainly along the peripheral capil-
lary walls (IgG, %200).

dothelial, intramembranous and subepithelial ateas and
minimally in the mesangium. Epithelial foot processes
wete effaced focally. Some glomerular capillaty lumen
was neatly obliterated by swollen endothelial cells.

Fig. 3. Glomerular basement membrane is markedly thickened
with subepithelial and subendothelial electron dense deposits.
The area of resolution was done by a monocyte. Epithelial foot
processes are diffusely effaced (uranyl acetate and lead citrate,
% 5,200).
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Case 3

Biopsy cores contained 14 glomeruli with glomerular
enlargement and lobular accentuation. The mesangium
was widened by increased matrix and mesangial cells.
Segmental sclerosis was present in four glomeruli. Cellu-
lar crescent was seen in four glomeruli. Glomerular base-
ment membranes were thickened and showed double-
contout feature. Interstitium was focally infilerated by
inflammatory cells. Signs of acute ot chronic rejection was
not seen. Sections of immunofluotescence enclosed 13
glomeruli with deposition of IgG(++), IgM(+), C3(++)
and fibrinogen(+) along the capillary loops in granular
and pseudolinear patterns (Fig. 2). Glomerular basement
membtanes were thickened, which contained electron
dense deposits in the subendothelial as well as subepithe-
lial areas. Widening of subendothelial area by electron
lucent granular material was found in a few loops. Me-
sangium was expanded by an increase of fibrillar matrix
with minimal electron dense deposits. Epithelial foot
processes wete diffusely effaced and showed microvillous
transformation (Fig. 3).

DISCUSSION

In contrast to hepatitis B infection which is endemic
in Kotea, hepatitis C infection is relatively low in the
genetal population. The prevalence of antibodies to HCV
in the general population is 1.35% (21), which is similar
to that of the United States (22) and Europe (23). But
the rate increases 3.3-10.3% in peritoneal dialysis and
hemodialysis patients (24). In addition to hepatitis, in-
cluding cirthosis and even transformation to hepatocel-
lular carcinoma, the hepatitis C vitus can present extra-
hepatic manifestations, among which are essential mixed
cryoglobulinemia and  glomerulonephrits.  Glomerular
diseases can develop both in native kidneys and renal
allografts in patients with chronic HCV infection. Several
reports have supported the relationship between mem-
branoproliferative glomerulonephritis and HCV, both in
native kidneys and allogtafts (1-7). In addition, occasional
reports of membranous nephropathy (8-11), acute pro-
liferative and exudative glomerulonephritis (25), focal
glomerulosclerosis (20, 26) and even rapidly progtessive
glomerulonephritis (27) have been reported. However,
Garcia-Valdecasas et al. (23) reported that the prevalence
of HCV positivity was not statistically different between
patients with ptrimaty and secondary chronic glomet-
ulonephritis. Cosio et al. (20) argued that the increased
prevalence of HCV positivity in focal glomeruloscletosis
could be attributed instead to other risk factors such as
intravenous drug abuse.

Membranoproliferative glomerulonephritis developing
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in HCV-infected patients is frequently associated with
ctyoglobulinemia type II ot rately type III, but not type
I (16-18). A close relationship between HCV infection
and cryoglobulinemia has been supported by several
repotts (12-14). Cryoglobulinemia was discovered in 36%
to 59% of patients with HCV infection (25). Therefore,
in many cases of membranoproliferative glomerulonephri-
tis, histologic changes were expected as the result of asso-
clated ctyoglobulinemia. However, our three cases had
neither detectable cryoglobulins not symptoms related to
ctyoglobulinemia. Organoid deposits were not present in
the glomeruli. Thetefore, it is teasonable to assume that
immune deposits were the result of an immune reaction
to HCV. However, the possibility is sdll present that
ctyoglobulin can be found during the later course of the
disease.

Membtanoproliferative glomerulonephritis in associa-
tion with HCV infection is no different from idiopathic
membranoproliferative glomerulonephritis by renal his-
tology. They both have petipheral capillary deposits of
IgM, IgG, and C3, with IgM deposits being the most
prominent in HCV positive cases (6, 9). Rare petipheral
C4, Clq and minimal mesangial deposits can also be
seen. Although subendothelial deposits are noted in all
cases, subepithelial and intramembranous deposits may
be present. In our cases, two had subepithelial and intra-
membranous deposits, both being setologically positive
for HCV-RNA. HCV-RNA in the patient’s setum is
almost always present in cases where HCV antibody is
present. Viral RNA as demonstrated by RT-PCR indi-
cates active viral replication and potential infectivity.
Intetferon therapy has been reported to dectease deposi-
tion of immune complexes and help negative convetsion
of HCV-RNA (28, 29). Our results support the idea
because HCV-RNA positive cases not only had a greater
amount of immune deposits, but also subepithelial and
intramembranous deposits. Because HCV is lympho-
tropic, it could be present in the liver and petipheral
blood mononuclear cells, but not in the serum (30).

Patients with HCV-associated glomerulonephritis pres-
ented proteinuria, and wete nephrotic in 71% (25). In
our two cases, they had liver cirthosis with ascites and
wete complicated by diabetes mellitus, which contrasts
with Johnson et al. (25) that signs of clinical liver disease
wete infrequent. Liver enzymes ate not apptoptiate mark-
ets for liver dysfunction, since only 31% (31)-to-33%
(32) of HCV-infected patients had abnormal levels of
liver enzymes. Because diabetes mellitus and liver cittho-
sis can be ovetlapped by other primary ot secondaty
glomerulonephritis, we examined the possibility by his-
tologic examination. Arteriolar hyalin was prominent in
one of two cases. Thickening of lamina densa, chatac-
tetistic of diabetic nephropathy, was present in the non-
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sclerotic glomeruli of the two native kidneys. Glomerular
capillary IgA deposit frequently accompanying citrhotic
glomerulosclerosis was minimal. Alchough we do not
know what kind of influence diabetes mellitus has in our
two cases, immuposuppressive status in general may
predispose immune complex deposition. Furthermore,
impaired clearance of immune complexes by the liver
may conttibute to the immune complex deposition (25).

The role of HCV in glomerular injury remains un-
known. The ditect role of HCV in causing glomerulo-
nephritis was suppotted by Yamabe et al. (6) and San-
sonno et al. (33), who demonstrated the presence of ¢22
antigen of HCV in the glomerular lesion and HCV-like
particles in the mesangium. Conversion of HCV-RNA
and a decrease of proteinruia with alpha intetferon treat-
ment may support its role (34). Cosio et al. (20) showed
a strong association between HCV and transplant glom-
etulopathy without immune complex deposition. They
speculated that the vitus may mediate injury by causing
endothelial injuty by elaborating cytokines, and inflam-
matoty and immunologic stimulation. In case 2, endo-
thelial swelling was present, which might support the
role of HCV in nonimmunologic endothelial injury.

Tissue-specific autoantibodies such as antithyroid mi-
crosomal, antithyroglobulin and anti-LKM1 autoanti-
bodies (35) can be associated with HCV infection, but
not antinuclear or antineutrophil cytoplasmic antibodies.
Rheumatoid factor has been reported to be positive in
two-thirds. Complement hemolytic activity (CH50) and
C3 levels have been reported to be significantly lower
(28), with an elevated or normal range of circulating im-
mune complexes (35). However, our cases had none of
the factors mentioned above, and an increased level of
circulating immune complex in one case. Complement
levels were all in the notmal range. We ate not certain
whether autoantibodies were associated with ctyoglo-
bulinemia rather than HCV itself. In the presence of
autoantibodies, immune complex deposition in the glom-
etuli may be facilitated.
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