
Hyeon Joo Jeong 
Soon Won Hong 
Sun Hee Sung 
Hyunee Yim 
Soon I1 Kim 
Yu Seun Kim 
Kiil Park 

Received: 16 July 2002 
Revised: 26 November 2002 
Accepted: 10 December 2002 
Published online: 27 May 2003 
0 Springer-Verlag 2003 

This work was supported by the Korea 
Research Foundation Grant (KRF-2002- 
042-E00045). 

H.J. Jeong ([XI). S.W. Hong 
Department of Pathology, 
Yonsei University College of Medicine, 
134 Shinchon-dong, Seodaemun-ku, 
120-752 Seoul, Korea 
E-mail: jeong 1 O@ yumc.yonsei.ac. kr 
Tel.: +82-2-3615252 
Fax: + 82-2-3620860 

S.H. Sung 
Department of Pathology, 
Ewha Women’s University College 
of Medicine, Seoul, Korea 

H. Yim 
Department of Pathology, Ajou University 
College of Medicine, Suwon, Korea 

S.I. Kim . Y.S. Kim.  K. Park 
Department of Surgery, Yonsei University 
College of Medicine, Seoul, Korea 

Polyomavirus nephropathy in renal 
transplantation: a clinicoipathological study 

Abstract Polyomavirus (PV) neph- 
ropathy is a rare cause of graft dys- 
function, but it may accompany 
acute rejection (AR), resulting in 
complications with respect to its 
diagnosis and treatment. To exam- 
ine the validity of tubulitis and 
inflammatory phenotype in the 
diagnosis of concurrent AR, we re- 
viewed the renal histology of ten 
biopsy samples from nine patients 
with PV nephropathy, and the 
immunohistochemistry from eight 
samples. Tubulitis was present in 
seven patients and was associated 
with AR in six. The degrees of 
tubulitis and interstitial inflamma- 
tion were higher in biopsy samples 
with AR than in those without, but 
the degree of tubulitis was not 
related to the degree of interstitial 
inflammation. Virally infected cells 
were rare in the samples with no, or 
mild, tubulitis, but did not increase 
with the degree of interstitial 
inflammation. Immuno-phenotyping 

of inflammatory cells did not show 
any T-cell dominance in AR: T cells 
were dominant over B cells in three 
of six samples with AR and both 
samples without AR. Although the 
degrees of tubulitis and interstitial 
inflammation were higher in the AR 
subjects, the presence of tubulitis or 
inflammatory phenotype was not 
helpful in the diagnosis of concur- 
rent AR. Further studies will be 
required to find a better marker for 
coexisting AR in patients with PV 
nephropathy and to establish strat- 
egies for treatment. 
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Introduction 

Polyomavirus (PV) nephropathy rarely causes renal 
allograft dysfunction. Since the late 1990s there has been 
an increase in the prevalence of PV nephropathy asso- 
ciated with heavy immunosuppression using tacrolimus 
and/or mycophenolate mofetil (MMF) [lo]. PV 
nephropathy is characterized by the presence of virally 
infected tubular cells that show intra-nuclear para- 
crystalline inclusions of approximately 30-50 nm in 
diameter, which are frequently detached from the 

tubular basement membrane and obstruct the tubular 
lumen. In contrast to a consistent tubular injury, inter- 
stitial inflammation varies, ranging from a negligible to 
an extensive association with tubulitis [7], and the site of 
inflammation is not always concordant with that of the 
tubulopathy [ 1 11. 

PV nephropathy can be complicated by acute rejec- 
tion (AR), which gives rise to confusion in its diagnosis 
and treatment. Until now, there have been few reports on 
the diagnostic criteria of concurrent AR. Contrary to the 
T-cell dominance in AR infiltrates, B lymphocyte-rich 
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[ 11, plasma cell-rich infiltrates, and tubular invasion by 
plasma cells have been reported as supportive evidence 
for PV nephropathy [6, 221. Nickeleit et al. [12] reported 
HLA-DR upregulation in tubules as an adjunctive 
marker for the diagnosis of concurrent AR. However, 
plasma cells can also be seen in AR [4], and the expres- 
sion of HLA-DR can be upregulated in renal ischemia in 
the absence of AR [19, 201. With regard to treatment, 
steroid pulse therapy has been reported to have been 
helpful in the restoration of renal function in only a 
fraction of patients with concurrent AR [9, 11, 171. 

Another problem with PV nephropathy is its pro- 
gression to chronic graft dysfunction and subsequent 
graft loss. Interstitial fibrosis develops as the inflam- 
mation subsides, and viruses are no longer detectable in 
the fibrotic stage [6]. Factors other than the persistence 
of the virus may play a role in the progression of the 
disease. However, little is known about the clinical or 
histological features that favor its progression [2]. To 
increase our experience with this rare complication, we 
studied the histological features and interstitial inflam- 
matory phenotypes in nine cases of PV nephropathy and 
correlated these with their clinical courses. 

Patients and methods 

Patients 

PV nephropathy was diagnosed in ten biopsy samples obtained 
between 1997 and 2001 from nine patients, including three outside 
consultation cases. With the exception of one consultation case, 
all cases of PV nephropathy at our department were correctly 

diagnosed. One case (patient 1) had been diagnosed as having AR 
and had been treated with increased immunosuppression prior to 
consultation. A renal allograft biopsy was performed in all patients 
due to an acute rise in serum creatinine. The diagnosis of PV 
nephropathy was made after an average of 12.9 months (range: 
4-44 months, median: 8 months) after transplantation. PV was 
demonstrated either by positive staining against SV40 large 
T antigen cross-reactive to human BK and JC strains or by electron 
microscopy. A summary of the clinical data is shown in Table 1. 
Seven patients received cyclosporine-based immunosuppression, 
with MMF in the case of four patients, and two received tacroli- 
mus. Three patients had previously had clinical episodes of AR 
without biopsy confirmation: one episode in two patients, and two 
in one patient, which had been treated with a steroid pulse. 

Histology and immunohistochemistry 

All biopsy samples were fixed In formalin and studied by light 
microscopy. The sections were stained with hematoxylin & eosin 
(H&E), periodic acid-Schiff (PAS), acid fuchsin orange G or tri- 
chrome, and methenamine silver. Immunofluorescence and electron 
microscopy were carried out on eight and four samples, respec- 
tively. We reviewed four, or more, PAS-stained sections in each 
biopsy sample to evaluate interstitial inflammation, tubulitis, and 
vasculitis. The degree of tubulitis in the non-cytopathic tubules and 
interstitial inflammation were divided into three grades-mild, 
moderate, or severe-according to the Banff scheme [21]. Inflam- 
mation that occupied less than 5% of the cortical interstitium was 
considered to be negative. AR was defined as the presence of 
interstitial inflammation, edema, and tubulitis, in non-atrophic and 
non-cytopathic tubules, and/or intimal arteritis. Phenotyping of 
inflammatory cells was performed on eight biopsy samples from 
seven patients. Formalin-fixed, paraffin-embedded 3-pm sections 
were stained with antibodies directed against B cells (CD20, Dako, 
Glostrup, Denmark, 1:lOO) and T cells (CD45R0, Dako, 1:lOO) 
and monocytes/macrophages (CD68, KP1 clone, Dako, 1:75). 
Analysis of cytotoxic cells and the expression of tubular HLA-DR 
were performed on five biopsy samples from four patients, with 
antibodies directed against CD8 (Dako, 1:50), granzyme B 

Table 1 Clinical findings ( L  living, C cadaver, H haploidentical, Z identical, U unknown, CyA cyclosporine, S steroid, SP steroid pulse 
therapy, FK tacrolimus, AZA azathioprine, Znc increased, Dec decreased, F failure) 

~ 

Patient no. 1 2 3 4 5 6 7 8 9 

Recipient age 24, M 47, M 25, M 26, M 24, M 25, M 32, M 45, F 38, M 
(years), gender 

Donor type L L L L C L L C  L 
HLA match H I H U U I I U I 
Previous episodes 0 0 0 0 1 2 1 U 0 

of acute rejection 
Immunosuppression 

At time ofbiopsy CyA, S, FK, S CyA, S, MMF CyA, S, CyA, S CyA, S, CyA, S, CyA, S, FK, S, 
AZA MMF MMF MMF AZA MMF 

After diagnosis Inc Dec Dec Dec Dec Dec Dec Dec Dec 
(OKT3, SP, (CYA, S) (CYA, S) (CYA, S, (SP, CyA, S) (CyA, S) (CyA, S) (CyA, S) (FK, S) 

MMF) MMF) 
Time to biopsy 8 4 8 11 4 13 44 20 4 

(mg/dl) 
At baseline 1.5 1.8 1.1 2.3 2.1 1.3 1.6 1.1 1.5 
At time of biopsy 2.2 2.7 1.9 2.7 2.8 6.2 3 4.7 2.4 
At the latest F 1.6 1.7 4.5 2.2 F F F 1.8 

(Duration, months) (4) (37) (341 (26) (28) (13) (13) (1) (4) 

(months) 
Serum creatinine 

follow-up 
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(Monosan, Uden, The Netherlands, 1:40), and HLA-DR (Dako, 
1:lOO). To demonstrate PV, we used the polyclonal antibody 
against SV40 large T antigen (Calbiochem, Cambridge, Mass., 
1:200). In brief, xylene was used to remove the paraffin from the 
sections, which were then rehydrated in graded alcohol. After being 
treated with 3% H202 to abolish the endogenous peroxidase 
activity, they were incubated with primary antibodies at room 
temperature for 30-60 min, with (CD45R0, CD8, granzyme B, 
HLA-DR, and SV40) or without (CD20 and CD68) microwave 
pre-treatment, followed by incubation overnight a t  4°C. The sec- 
tions were then washed with phosphate-buffered saline, and, using 
the LSAB kit (Dako), we sequentially applied link antibodies and 
streptavidin-biotin peroxidase. Diaminobenzidine (DAB) and 
3-amino-9-ethylcarbazole (AEC) were used to color the reactions. 
Using an ocular grid (10x10) attached to an Olympus BH-2 
microscope we counted the positively stained inflammatory cells in 
all of the cortical interstitiurn, including the fibrotic areas, and 
expressed them as number per mm2. An average of 1.68 mm2 was 
examined per sample (range: 0.28-3.21 mm2). The ratio between 
T cells and B cells was presented as the ratio of CD45RO-positive 
cells to CD20-positive cells, per mm2. Tubular HLA-DR expres- 
sion was considered to be positive when a tubule showed any sign 
of positive cytoplasmic staining. 

Results 

Tubulointerstitial nephritis 

Infected tubular epithelial cells showed enlarged nuclei, 
with homogenous ground-glass intra-nuclear inclusions, 
on H&E-stained sections. They were scattered in both 
the cortex and medulla, but were more prominent at the 
latter, whether attached to the tubular basement mem- 
branes or freely in the lumen. The number of virally 
infected cells was variable from tubule to tubule, mostly 
1 4 ,  but up to 10, per tubular cross-section, but they 
were rare in samples with no, or mild, tubulitis. Viral 
inclusions were highlighted brown by use of an antibody 
against the SV40 large T antigen and DAB as a chro- 
mogen, which revealed 35-50 nm para-crystalline 
structures on electron microscopy. Positive immunohis- 
tochemical staining was seen not only in the enlarged 
tubular nuclei bearing viral inclusions, but also in the 
apparently normal nuclei of tubules without tubulitis. In 
patient 6, viral inclusions were also present in parietal 
epithelial cells. 

Tubular invasion by lymphocytes (tubulitis) was 
present in seven patients and was associated with AR in 
six (patients 1, 3, 5, 6, 7, and 9). Tubulitis was present in 
both the cytopathic and non-cytopathic tubules, but was 
more frequent in the latter. No tubular invasion by 
plasma cells was observed, not even in plasma cell-rich 
areas. The degree of tubulitis in non-cytopathic tubules 
was moderate (“t2”) in one patient, but severe (“t3”) in 
five with AR. Intimal arteritis was not present. In pa- 
tient 8, the degree of tubulitis was “tl”, and tubulitis of 
non-infected tubules was present in the vicinity of the 
virally infected tubules. Interstitial inflammation was 
moderate to severe in four of six patients with moderate- 

to-severe tubulitis, whereas severe interstitial inflamma- 
tion was present in one of three patients with mild 
tubulitis. Interstitial inflammation of the cortex was 
equal to or less intense than that of the medulla, with the 
exception of patient 9. Only the renal cortical tissue was 
included in the biopsy sample of patient 2. The inflam- 
matory infiltrate comprised mostly lymphocytes and 
plasma cells, either equally or with a slight lymphocyte 
predominance, and was occasionally mixed with neu- 
trophils. In patient 5, a repeat biopsy, performed after 
methylprednisolone pulse therapy, showed a decrease, 
yet persistence, of virus-infected cells, with a similar 
degree of severe tubulitis and interstitial mononuclear 
infiltrates. Interstitial fibrosis was moderate to severe in 
three patients (patients 6-8). 

Inflammatory immuno-phenotypes 

Immuno-phenotyping of the inflammatory cells showed 
a T-cell dominance of 1.8:l to 4.8:l in four patients (two 
with AR and two without) and a B-cell dominance of 
1.1:l to 2.4:l in three patients with AR. In patient 5 ,  the 
T-cel1:B-cell ratio was reversed in a repeated biopsy 
following steroid pulse treatment. The ratio of 
CD45RO-positive cells to CD8-positive cells was 2.1: 1 
to 3.8:l. Granzyme B-positive cells were rare, even in 
samples with AR. Tubular HLA-DR expression was 
negative in three patients and positive in only a few tu- 
bules of one patient (patient 5) (Table 2). 

Clinical course and its relationship with renal histology 

Immunosuppression was decreased following diagnosis 
in all but one patient. In patient 2, tacrolimus was swit- 
ched to cyclosporine. Immunosuppression in patient 5 
was decreased following methylprednisolone pulse ther- 
apy. In three patients, concurrent or subsequent occur- 
rence of other viral infections was present following the 
diagnosis of PV nephropathy (cytomegalovirus in 
patients 1 and 7, Epstein-Barr virus in patients 7 and 8, 
and Varicella-zoster virus in patient 7). During the mean 
follow-up of 17.8 months (range: 1-37 months), four 
patients finished with graft failure, with one patient dead. 
The graft failed in three of six patients with concurrent 
AR and in two of three patients with previous episodes of 

Table 2 Immuno-profile of interstitial inflammatory cells. Values 
are numbers of cells per mm2. ND not done, or unsatisfactory 

Patient no. 2 3 4 5-1 5-2 6 I 9  

CD68 211 203 N D  96 467 343 517 255 
CD20 159 121 148 711 205 210 13 597 
CD45RO 638 657 505 614 429 385 351 245 
CD8 310 259 181 163 ND ND N D  ND 
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AR. Grafts were lost in three of five patients that were 
showing moderate-to-severe inflammatory infiltration 
and in all patients with moderate-to-severe interstitial 
fibrosis, but loss of graft did not correlate with the 
number of virally infected cells per tubule. 

Discussion 

With the recent increase of PV nephropathy in renal 
allografts, much information has been obtained relating 
to risk factors and histopathology [12, 181. One of the 
risk factors is heavy immunosuppression. In this study, 
seven of nine patients received cyclosporine-based 
immunosuppression, with MMF in the case of four 
patients, unlike in other reports, where the use of 
tacrolimus or MMF, or their combination, was popular 
[3, 8, 14, 161. Of these seven patients, all received the 
recently introduced micro-emulsion form of cyclospor- 
ine, which resulted in more effective absorption and 
maintenance of higher cyclosporine blood levels than 
with the use of the conventional form [15]. Concurrent 
or subsequent activation of other viruses in three 
patients can also be explained by the fact that these 
patients were under severe immunosuppression. Another 
risk factor is the number of AR episodes. Three patients 
had at least one rejection episode (33.3%), which is a 
lower percentage than that in other reports [2, 31. 

In this study, we examined the validity of tubulitis 
and inflammatory phenotype in the diagnosis of con- 
current AR. Tubulitis was present in seven of nine pa- 
tients and was associated with AR in six. The degree of 
tubulitis was higher in the biopsy samples with AR than 
in those without (“t” scores: 2.9 vs I), which was also 
true for interstitial inflammation (‘5” scores: 2.3 vs 1.7). 
However, tubulitis was severe in the samples with many 
virus-infected cells, and the degree of tubulitis was 
increased, but not concordant with the degree of inter- 
stitial inflammation. Furthermore, there was no corre- 
lation between the sites of viral inclusions and those of 
tubulitis or interstitial inflammation. These results may 
suggest that tubulitis is not a marker for AR, but may be 
related to active viral replication or may reflect inter- 
stitial inflammatory activity [6, 181. Interstitial nephritis, 
disproportionate to tubular changes, may be a feature 
that favors AR. The inflammatory phenotype also did 
not seem to be an adjunct to concurrent AR. T-cell 
dominance was present in two of five patients that were 
showing histological features of AR, whereas all patients 
without AR also showed T-cell dominance. Further- 
more, in one patient with AR, the T-cel1:B-cell ratio was 
reversed after steroid pulse treatment. Tubular HLA- 
DR expression was positive in only one of two samples 
with AR and was limited to a few tubules. The higher 
and consistent HLA-DR-positive rate in patients with 
concomitant AR, as reported by Nickeleit et al. [12], 

may be attributed to the sensitivity of staining, since 
immunofluorescence was employed on frozen sections 
instead of immunohistochemistry on paraffin sections, 
as in our study. It seems that vascular rejection, if 
present, is the most reliable histological marker for AR 
in the context of PV nephropathy. In that regard, C4d 
staining may be helpful in demonstrating humoral 
rejection [5]. 

The effects of anti-rejection treatment on concurrent 
AR are controversial. In a study by Randhawa et al. [17], 
grafts failed in 67% of the12 patients treated, whereas 
eight patients that were treated by reduction of immu- 
nosuppression from the outset were free of graft loss for 
0.2-10 months. However, Nickeleit et al. [ l l]  proposed 
that graft function might be restored if the concurrent 
AR was treated properly. The discrepancy in treatment 
results may be attributed to the diagnostic criteria used 
for AR and the different treatment policy. Tubulitis was 
presumed to be a marker for rejection in Randhawa’s 
series [17], and immunosuppression was decreased in 
only a fraction of patients following treatment failure, 
whereas tubular HLA-DR expression was an adjunctive 
marker in addition to tubulointerstitial nephritis, and 
immunosuppression was decreased soon after the steroid 
pulse in Nickeleit’s study [ 1 13. Successful anti-rejection 
treatment results, with subsequent decreased immuno- 
suppression in one patient who fulfilled the biopsy cri- 
teria of AR and HLA-DR-positivity, support the notion 
that some patients may have therapeutic benefits. 

It is not clear what mediates the progression of renal 
fibrosis and leads to renal failure in PV nephropathy. 
Barri et al. [2] reported that the severity of interstitial 
inflammation, interstitial fibrosis, and the presence of 
crescents, could be responsible for graft loss or chronic 
graft dysfunction. In agreement with that report, grafts 
failed more frequently in patients with severe interstitial 
inflammation than in those with mild inflammation, but 
were lost in all three patients that were showing mod- 
erate-to-severe interstitial fibrosis. Quantification of 
interstitial inflammation and fibrosis may be necessary 
in biopsy samples for prediction of the progression of 
PV nephropathy. A major pitfall in the prediction of 
prognosis in our study lies in the clearance of virally 
infected cells, or subclinical rejection, which is not 
checked systematically during follow-up [ 131. Although 
the degrees of tubulitis and interstitial inflammation 
were higher in AR, the presence of tubulitis or inflam- 
matory phenotype is not helpful in the diagnosis of 
concurrent AR. Further studies will be required to find 
better markers for coexisting AR in patients with PV 
nephropathy and to establish strategies for treatment. 
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