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Background : We wanted to find an adjunctive marker(s) in renal allograft biopsies for predict-
ing acute cellular rejection (ACR), and so the expression patterns of immune-related molecules
were compared between ACR, borderline ACR and non-ACR cases. Methods : The expres-
sion patterns of Fas ligand (FasL), HLA-DR, granzyme B, caspase-3, CD56, interferon stimu-
lated growth factor-3 (ISGF-3), and CD53 were assessed via immunohistochemical study in
75 allograft biopsies from patients with ACR (n=19), borderline ACR (n=22), and non-ACR
(n=34). Results : Compared to those of the non-ACR group, the ACR group revealed an ele-
vated number of FasL positive interstitial inflammatory cells, HLA-DR positive tubular inflam-
matory cells, cytoplasmic caspase-3 positive tubular epithelial cells, granzyme B positive inter-
stitial mononuclear inflammatory cells and CD53 positive interstitial inflammatory cells. The
expression patterns of the borderline ACR group were similar to those of non-ACR group, except
for the intensity of FasL in the tubular epithelial cells. Conclusions : Immunohistochemical
investigations of the adjunctive markers FasL, HLA-DR, granzyme B, caspase-3 and CD56
can be useful for making the diagnosis of ACR.

Key Words : Renal transplantation; Graft rejection; Cellular immunity; Immunohistochemistry

Jongha Park∙∙Seung Woon Byun
Eunsil Yu1∙∙Su-Kil Park
Duck Jong Han2∙∙Yong Mee Cho1

 15

Immunohistochemical Profile of Acute Cellular Rejection in Renal Allograft

 15 15

Corresponding Author
Yong Mee Cho, M.D.
Department of Pathology, Asan Medical Center, 
University of Ulsan College of Medicine, 388-1 
Pungnap-2dong, Songpa-gu, Seoul 138-736, Korea
Tel: 02-3010-5965
Fax: 02-3010-7898
E-mail: yongcho@amc.seoul.kr

*This study was supported by a grant (2005-388) from
the Asan Institute for Life Sciences, Seoul, Korea.

Departments of Nephrology, 1Pathology,
and 2Surgery, University of Ulsan College
of Medicine, Asan Medical Center, Seoul,
Korea 

Received : October 11, 2006
Accepted : November 17, 2006

Appropriate management of acute rejection is essential for
preventing early graft loss and chronic rejection, which is one
of the major causes of late graft loss. The diagnosis of acute rejec-
tion has traditionally relied heavily on histological assessment
of the renal allograft biopsies. The diagnostic histological features
of acute and chronic rejection are well defined, and classifica-
tion schemes like the Banff schema are currently in wide use.1,2

Acute rejection is associated with cell-mediated and/or antibody-
mediated immunity. The diagnosis of antibody-mediated rejec-
tion is aided by the immunohistochemical detection of the molec-
ular marker C4d, a degradation product of an activated comple-
ment product. By comparison, acute cellular rejection (ACR)
relies on the semiquantitative scoring of such histological fea-
tures as tubulitis and arteritis. Most ACR cases with arteritis or
with moderate to severe tubulitis are readily diagnosed. How-
ever, the borderline changes showing mild tubulitis are histolog-
ical features that are suspicious for, but are not definitely diag-
nostic for ACR. Also confounding the diagnosis of ACR is the
association of tubulitis with non-rejecting allograft nephropathies,
such as IgA nephropathy (IgAN), which is one of the most com-

mon post-transplant glomerulopathies.3 Therefore, employing
adjunctive markers would be helpful for making the diagnosis
of ACR and administering the appropriate patient management.

ACR is induced by two distinct mechanisms. One mechanism
involves CD8+ cytotoxic T cell-mediated graft destruction that
kills targeted cells by activation of executioner caspases like cas-
pase-3, and this is a consequence of granzyme-perforin- or Fas-
Fas ligand (FasL)-dependent pathways.4,5 Another mechanism
involves the activated CD4+ helper T cell-mediated delayed
hypersensitivity reaction that upregulates the expression of class
II MHC molecules, including HLA-DR, in allograft parenchy-
mal cells like renal tubular epithelial cells.4 In addition to T lym-
phocytes, the infiltration of other inflammatory cells, including
macrophages, plasma cells, neutrophils and natural killer cells,
has also been reported.6

The expression of a variety of immune/inflammation-related
molecules has previously been evaluated in the biopsy tissues of
patients who are rejecting transplants. Immunohistochemical
studies of allografts have revealed an increase of various molecules
in acute rejection at the protein level. These molecules included
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class II MHC antigens (HLA-DR, DP and DQ),7-13 the interleukin
2 receptor,7,12,13 adhesion molecules (I-CAM and V-CAM),7,8,10-12

apoptosis inducing molecules (FasL, perforin and granzyme A
and B),14,15 and inflammatory cells (T lymphocytes, B lympho-
cytes, natural killer cells and macrophages).7,13,15 The molecules
differentially expressed at the mRNA level have recently been
evaluated by RT-PCR and cDNA microarray techniques.16-19 In
addition to the previously described molecules HLA-DR, FasL
and granzyme B, novel molecules have also been identified. They
are interferon stimulated growth factor-3 (ISGF-3), a member
of the interferon regulatory factor family, and CD53, a member
of the tetraspan transmembrane family. Among them, HLA-DR
has been proposed as an ACR marker, but its diagnostic poten-
tial needs further validation.20

In an attempt to identify a specific adjunctive molecular mark-
er(s) of ACR that can be conveniently used for allograft biopsy
specimens, we employed immunohistochemical methods to
evaluate the expression patterns of various immune-related mole-
cules (FasL, HLA-DR, granzyme B, caspase-3, CD56, ISGF-3
and CD53) in allografts of ACR, borderline ACR and non-ACR
patients. To the best of our knowledge, this is the first study to
explore the expression patterns and diagnostic usefulness of the
newly described molecules CD53 and ISGF-3 in renal allografts
at the protein level by immunohistochemical method.

MATERIALS AND METHODS

This study was approved by the Asan Medical Center Insti-
tutional Review Board. A total of 75 biopsy specimens from 68
patients were included in this retrospective study. Allograft biop-
sies were performed to identify the cause of acute renal dysfunc-
tion. Histological, immunofluorescence, immunohistochemical
and ultrastructural studies using standard procedures, were em-

ployed to evaluate cell-mediated and antibody-mediated rejec-
tion and other pathologies.21 The specimens for histological exa-
mination were fixed in Bouin fixative, embedded in paraffin and
then cut into 2 m sections. Subsequently, hematoxylin-eosin,
periodic acid-Schiff, periodic acid-silver methenamine and Mas-
son’s trichrome staining was performed. Immunofluorescence
study for IgG, IgM, IgA, C3, C4, C1q and fibrinogen was per-
formed using snap-frozen acetone-fixed tissues. Immunohisto-
chemical staining for C4d (Biomedica Gruppe, Vienna, Austria,
1:20 dilution) was performed to evaluate antibody-mediated
rejection, which was regarded as positive when diffuse and strong
staining was observed in more than 50% of the peritubular cap-
illaries.22

Immunohistochemical investigations of the molecular mark-
ers were performed on the residual tissues after performing the
above conventional pathological studies. The expression of FasL
was evaluated in 66 allograft biopsies and the expressions of HLA-
DR, granzyme B, cleaved (Asp 175) caspase-3, which is an acti-
vated form of caspase-3, and CD56 were evaluated in 67 biop-
sies with using the Bouin-fixed paraffin-embedded tissues. The
expression of ISGF-3 and CD53 was evaluated in 40 and 38 bio-
psies, respectively, with using snap-frozen acetone-fixed tissues.
Immunohistochemical investigations were performed using stan-
dard procedures and a universal secondary antibody kit (iViewTM-
DAB detection kit, Ventana Medical Systems, Inc., Tucson, AR,
USA).21 All the sections were blocked for endogenous biotin to
reduce the nonspecific immunopositivity (Endogenous Biotin
Blocking Kit, Ventana Medical Systems, Inc., Tucson, AR, USA).
Diaminobenzidine was used as a chromogen and the tissues were
counterstained with hematoxylin. 

For histological evaluation of FasL, HLA-DR, caspase-3, gran-
zyme B and CD56, which were all expressed in a limited num-
ber of cells, the number of immunopositive cells was counted in
the most active area at one high power field at a magnification

Antibody Dilution Source
Expression patterns

Inflammatory cells Tubular epithelial cells

FasL 1:100 LabVision Corp, Fremont, CA Number Number, intensity
HLA-DR 1:800 eBioscience, San Diego, CA Number Number
Caspase-3a 1:200 Cell Signaling Technology, Inc., Beverly, MA Number Number, subcellular localization 
Granzyme B 1:400 LabVision Corp, Fremont, CA Number NAb

CD56 1:400 Novocastra Laboratories Ltd, UK Number NAb

CD53 1:20 LabVision Corp., Fremont, CA Extent, intensity Extent
ISGF-3 1:50 Santa Cruz Biotechnology, Inc., California, CA NAb Extent

Table 1. Antibodies and studied expression patterns

Number, the number of positive cells in one high power field magnification at ×400 in the most active area.
a: identifies cleaved (Asp175) caspase-3, an activated form of caspase-3; b: non-applicable due to immunonegativity.
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of ×400 (HPF). Because the CD53 and ISGF-3 were expressed
in a large number of cells, the immunostaining results were des-
cribed as an extent [negative, focal (<50%), or diffuse (≥50%)]
for the inflammatory cells or as a percentage for the tubular epi-
thelial cells. The primary antibodies used for these investiga-
tions and the evaluated expression patterns are summarized in
Table 1. 

The data was analyzed using SPSS software (12.0 K). The Chi-
square, Fischer’s exact test, the Mann-Whitney U test, the Kru-
skal-Wallis test and Spearman’s rank correlation coefficient were
employed when appropriate. Differences were regarded as statis-
tically significant at p<0.05. 

RESULTS

Clinical and pathologic data

The 75 biopsies were divided into three groups according to
the Banff schema. They included 19 cases of ACR, 22 cases of
borderline ACR and 34 cases of non-ACR.2 The ACR cases con-
sisted of 4 cases of IA, 11 of IB and 4 of IIA. The pathological
features of the non-ACR cases included 13 cases of IgAN, 6 of
chronic allograft nephropathy (CAN), 1 of BK nephropathy, 3
of acute pyelonephritis and 3 of acute tubular necrosis without
C4d immunoreactivity. There were no pathological features in

8 of the non-ACR cases. The clinical and pathologic data from
the 75 biopsies were summarized in Table 2. There were no dif-
ferences among the three groups except for the expression of the
humoral rejection marker C4d, which was observed more fre-
quently in the rejecting allografts (p=0.008, Fischer’s exact test).
While it was not clear whether the IgA deposits represented an

ACR Borderline ACR Non-ACR

Biopsy 19 22 34
Patient (M/F) 14 (9/5) 21 (15/6) 33 (24/9 )
Age (yr)a 37.8±8.0 41.8±10.9 41.6±11.7
Donor (L/C) 11/8 19/3 24/10
Donor age (yr)a 42.2±4.6 39.2±10.5 35.3±15.3
Duration (mo)b 33.2 75.2 38.6 

(0.3-110.9) (1.0-156.4) (0.5-163.4)
Matched HLAa 2.3±1.3 2.2±1.5 2.8±1.6
Baseline drug regimen

Cyclosporine/FK506 10/9 16/6 23/12
MMF/AZT/CTX 7/9/1 7/8/1 19/7/3
Steroid (yes/no) 19/0 20/2 31/5

Cr level (mg/dl) at biopsya 4.0±5.1 2.0±0.5 2.3±2.1
Cr elevation (%)a 213±109 147±56 171±191
C4d (%)c 6 (31.6%) 2 (9.5%) 1 (2.9%)
IgAN (%) 5 (26.3%) 10 (45.5%) 13 (38.2%)

M, male; F, female; L, living-related donor; C, unrelated cadaver donor;
mo, months; MMF, mycophenolate mofetil; AZT, azathioprine; CTX, cy-
toxan; Cr, creatinine; Cr elevation (%), percentage of peak Cr/baseline
Cr; IgA N, IgA nephropathy.
a: mean±standard deviation; b: median (range); c: p=0.008.

Table 2. Demographic, clinical and pathologic data 

Markers Expression ACR Borderline ACR p-value
ACR vs non-ACR

Non-ACR

FasL Inflammatory cellsa 1.1±1.0 0.2±0.5 0.3±0.8 0.001
Tubular epithelial cells

Numbera 6.2±9.6 6.5±10.1 15.5±28.0 NS
Intensity (-/+/++) 10/4/2 11/8/2 9/4/16 0.02

HLA-DR Inflammatory cells
Interstitiuma 123.7±121.1 65.5±75.1 65.6±78.3 NS

Tubulesa 5.1±4.4 1.7±2.2 1.7±2.6 0.001
Tubular epithelial cellsa 1.00±3.0 0.32±0.8 0.2±0.9 NS

Caspase-3 Inflammatory cellsa 0.7±1.1 0.3±0.5 0.3±0.8 NS
Tubular epithelial cells 

Nucleusa 1.8±7.5 9.8±28.8 4.3±13.8 NS
Cytoplasma 0.5±0.6 0.1±0.2 0.1±0.4 0.026

Granzyme B Neutrophilsa 6.0±10.6 11.4±41.6 9.2±29.5 0.038
Non-neutrophilic inflammatory cellsa 4.6±3.8 2.1±2.4 1.8±2.1 0.002

CD56 Inflammatory cellsa 1.1±2.1 1.7±1.9 1.1±1.6 NS
CD53 Inflammatory cells (-/F/D) 0/1/8 1/7/5 4/10/2 0.014

Tubular epithelial cells (%) 11.3±18.9 20.0±26.8 27.2±37.1 NS
ISGF-3 Tubular epithelial cells (%) 21.9±32.0 31.2±34.2 35.6±39.9 NS

Numerical data represent mean±standard deviation. Cases with no available tissues for each immunostaining were excluded.
NS, statistically not significant; F, focal; D, diffuse.
a: the number of cells in one high power field magnification at ×400 in the most active area. 

Table 3. Expression patterns of molecular markers
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incidental finding or IgAN, a diffuse and predominantly mesan-
gial IgA deposition was noted in 28 out of the total 75 cases (37
%). It was more frequent among the borderline ACR cases (45.5
%), although this difference was not statistically significant. 

Expression patterns of the immune-related molecules in
the ACR and non-ACR groups

Among the 7 molecules we tested for, FasL, HLA-DR, cas-
pase-3, granzyme B and CD53 were differentially expressed bet-
ween the ACR and non-ACR groups. The expression patterns
of all the molecules we tested for the ACR, borderline ACR and
non-ACR groups are summarized in Table 3.

FasL was expressed in the cytoplasm and cytoplasmic mem-
brane of the inflammatory cells and tubular epithelial cells (Fig.
1A, B). The FasL positive interstitial mononuclear inflammato-
ry cells were observed more frequently in the ACR group than
the non-ACR group (p=0.001, Kruskal-Wallis test), although
they were not abundant in either group. By comparison, the
tubular epithelial cells expressed FasL at a stronger intensity in
the non-ACR group than in the ACR group (p=0.02, Fischer’s
exact test). The greater number of FasL positive tubular epithe-
lial cells in the non-ACR group was not statistically significant.

HLA-DR was expressed in the cytoplasm of the inflammatory
cells and tubular epithelial cells (Fig. 1C). The number of HLA-

DR positive inflammatory cells that infiltrated the tubules was
significantly higher in the ACR group than in the non-ACR
group (p=0.001, Kruskal-Wallis test). The numbers of HLA-
DR positive tubular epithelial cells and interstitial inflamma-
tory cells tended to be higher in the ACR group, but this dif-
ference was not statistically significant. 

Caspase-3 was expressed in the cytoplasm and/or nucleus of
the tubular epithelial cells and inflammatory cells (Fig. 1D).
Even in foci of severe tubulitis, only a limited number of tubu-
lar epithelial cells were positive for caspase-3. The number of
tubular epithelial cells expressing caspase-3 in the cytoplasm
was significantly larger in the ACR group than in the non-ACR
group (p=0.026, Kruskal-Wallis test). 

Granzyme B was expressed in the cytoplasm of the neutrophils
and mononuclear inflammatory cells. The number of granzyme
B positive neutrophils was larger in the non-ACR group than
in the ACR group (p=0.038, Kruskal-Wallis test). After exclu-
sion of the pyelonephritis cases in the non-ACR group, there
was no statistically significant difference between the two groups.
By comparison, granzyme B positive interstitial mononuclear
inflammatory cells were more frequent in the ACR group than
in the non-ACR group (Fig. 1E) (p=0.002, Kruskal-Wallis test).

CD53 was expressed in the cytoplasm of the interstitial mono-
nuclear inflammatory cells and tubular epithelial cells (Fig. 1F).
The ACR group revealed more diffuse CD53 positive mononu-

Fig. 1. Immunohistochemical studies reveal FasL positive interstitial mononuclear inflammatory cells (arrow) (A), FasL positive tubular epithelial
cells (arrows) (B), HLA-DR positive tubular epithelial cells (arrows) and interstitial mononuclear inflammatory cells (arrowheads) (C), cyto-
plasmic caspase-3 positive tubular epithelial cells (arrows) (D), granzyme B positive interstitial mononuclear inflammatory cells (arrows)
(E), and CD53 positive interstitial mononuclear inflammatory cells (arrows) (F) (A and C-F, ACR; B, non-ACR).

A B C

D E F
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clear inflammatory cells than did the non-ACR group (p=0.014,
Fischer’s exact test). The number of tubular epithelial cells exp-
ressing CD53 was not significantly different between the ACR
and non-ACR groups. 

CD56, a natural killer cell marker, was expressed in a few mono-
nuclear inflammatory cells in both groups. ISGF-3 was expressed
only in the tubular epithelial cells. The expression patterns of
CD56 and ISGF-3 did not show any statistically significant dif-
ferences between the two groups. 

Expression patterns of immune-related molecules in the
borderline ACR group 

The 5 markers differentially expressed between the ACR and
non-ACR groups also revealed different expression patterns in
the borderline ACR group when compared to the ACR or non-
ACR groups (Table 3). Among the 6 expression patterns of the
5 markers in the borderline ACR group, 5 patterns were similar
to those of the the non-ACR group, whereas only 1 was similar
to those of the ACR group. Those 5 patterns similar to the non-
ACR group were FasL in interstitial inflammatory cells, HLA-
DR in tubular inflammatory cells, cytoplasmic caspase-3 in tubu-
lar epithelial cells, and granzyme B and CD53 in interstitial in-
flammatory cells. The intensity of FasL immunoreactivity in the
tubular epithelial cells was similar to that of the ACR group. 

DISCUSSION

Although the overexpression of CD53 and ISGF-3 at the
mRNA level in ACR has been reported by cDNA microarray
studies,17,23 our study is the first to explore their expression pat-
terns at the protein level in ACR, borderline ACR and non-ACR
cases. Only the CD53 expression was up-regulated in ACR and
the ISGF-3 expression was not different among the three groups.

A unique immunologic event against a donor kidney initiates
the rejection phenomenon, resulting in mixed inflammatory cell
infiltration, tubulitis and occasionally vasculitis. The inflamma-
tory cells in ACR mostly consist of T lymphocytes and macro-
phages, although plasma cells, neutrophils and natural killer cells
may also be present.6 It has been known that granzyme B was
expressed in cytotoxic T cells, natural killer cells and neutrophils.
The granzyme B was involved in target cell apoptosis during
cell-mediated cytotoxicity. The present study demonstrated an
increase of the granzyme B expression in mononuclear inflam-
matory cells in the ACR group, as compared to the borderline

ACR and non-ACR groups, while the expression of the natural
killer cell marker CD56 was not different among the three groups.
This finding suggests the increased activity of cytotoxic T lym-
phocytes has more an important role for ACR than do the natu-
ral killer cells. 

It’s been reported that upregulation of the HLA-DR expres-
sion was present in the rejecting tubular epithelial cells and in-
flammatory cells, and this correlated with cellular infiltration
and late graft dysfunction during acute rejection.8-11,16,24 Like the
previous reports, the present study also demonstrated an increased
HLA-DR expression in the ACR group. 

In addition to HLA-DR, this study showed that expression of
FasL in inflammatory cells and tubular epithelial cells can also
be used as an immunohistochemical marker of ACR. A dual role
for the Fas/FasL pathway has been suggested in transplantation-
induced processes. Engagement of the FasL on the cytotoxic T
lymphocytes with the Fas on the graft cells activates a cell death
pathway and results in tissue damage.25 FasL also plays a role in
peripheral tolerance, and its expression was found in those tissues
that were traditionally thought of as being immunologically
privileged, such as sperm cells in the testes and the cells in the
anterior chamber of the eye.26,27 As expected, two distinct FasL
expression patterns were noted in the present study. FasL posi-
tive interstitial inflammatory cells were more frequently found
in the ACR group than in the non-ACR group, whereas FasL
positive tubular epithelial cells revealed stronger intensity in the
non-ACR group than that in the ACR group. These findings
are consistent with the proposed dual role of the Fas/FasL path-
way in transplantation rejection.

Pathologically, borderline ACR is accompanied by mild inter-
stitial and tubular inflammatory cell infiltration, and the extent
of this lies between ACR and non-ACR. It is interesting that
the expression patterns of the molecules in the inflammatory
cells of the borderline ACR group resembled those of the non-
ACR group. In contrast, the intensity of FasL in the tubular epi-
thelial cells of the borderline ACR group is similar to that of the
ACR group. This suggests rejection-related molecular alteration
of the tubular epithelial cells may be predominant or it may pre-
cede that of the infiltrating inflammatory cells in borderline ACR.

In summary, the present study has shown that HLA-DR, FasL,
caspase-3, granzyme B and CD53 were differentially expressed
among the ACR, borderline ACR and non-ACR groups, sug-
gesting their potential use as adjunctive immunohistochemical
markers for ACR. A further prospective study with a larger num-
ber of cases would be beneficial for validating the results from
this current, small retrospective study. 
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