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Interstitial Mononuclear Cell Infiltrates in Chronic Rejection
of the Kidney and Correlation with Peripheral Blood*
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To investigate the characteristics of interstitial inflammatory celfs and
possible involvement of vé T cells, 16 renal allograft biopsies showing
chronic rejection were stained by immunohistochemical method and cor-
related with the data of peripheral blood evaluated by flow cytometry. For
immunophenotyping, fresh frozen sections were stained with monoclonal
antibodies against CD3, CD4, CD8, CD68, CD56, TCRs1 and HLA DR.
Paraffin embedded tissue was stained with CD45R0O, CD20-Cy and CD68.
Nine cases of nonspecific tubulointerstitial change and 4 cases of non-
allograft tubulointerstitial nephritis were used as a control. Inflammatory
infiltration was present in all cases studied. T cells predominated in the
interstitium of chronic rejection and were followed by macrophages and B
cells. The degree of interstitial infiftration of frozen section was not accor-
dant with that of paraffin sections. Allografts with nonspecific tubuloin-
terstitial changes or tubulointerstitial nephritis of native kidneys showed
similar distribution pattern in terms of type and degree. However, the
degree of infiltrate did not give any statistical significance among groups.
The CD4/CD8 ratios in interstitial infiltrates were less than 1.0 in 6 cases
and was not accordant with those of peripheral blood. Proportion of vé T
celis increased over 10% in 2 cases in tissue and in 3 cases in peripheral
blood. In 3 cases of chronic rejection in which both tissue and blood results
were available, there was no concordance of CD4/CD8 or v5T/CD3 be-
tween them. Tubular expression of HLA DR was, however, present only in
4 cases of chronic rejection. In conclusion, T lymphocyles were predom-
inant regardless of diagnosis or disease activity. T lymphocyte subset did
not give any suggestion as to the diagnosis or disease activity in chronic
rejection. Furthermore vé T cells had only limited value. Lymphocytic sub-
sets in peripheral blood would not be predictors of tissue destruction in
chronic rejection.
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alleled. Mononuclear cell infiliration has been reported
in the context of acute rejection mainly in the interstitium
and with tubular invasion(tubulitis), which exerts a major
role in acute graft dysfunction. The infiltrate consisits of
menocytes/macrophages and T cells with contradictory
results as to the predominant subsets either in tissue or
in peripheral blood and as to the role of these cells
(Platt et al., 1982 ; Hancock et al., 1983 ; Hall et al.,1984).
The studies of inflammeatory subset have been perform:-
ed to determine whether it could be used to predict or
confirm the onset of rejection (Carter et al., 1983). The
infiltrate can be found in chronic rejection, either at
perivascular or fibrotic interstitium and occasionally with-
in atrophic tubules. The infiltrate can be seen in stable
grafts in early postiransplant period, which cast doubts
about the role and fate of these cells. Therefore the
simple presence of inflammatory cells do not neces-
sarily indicate active destruction, which may be influ-
enced by cytokine release rather than inflammatory cells
themselves or difference in inflammatory subtypes.

To elicit an immune response to alloantigen, host T
cells receive information from antigen presenting cells
bearing processed antigen via T cell antigen receptor
(TCR). TCRs are mostly ap, but in 5-10% are ¥ sub-
sets. ¥0 T cells are CD3+, but the great majority do not
express CD4 or CD8. They are present in peripheral
blood, lymph nodes and in the intestinal epithelium in
human. ¥6 T cells are capable of nonspecific, MHC
unrestricted cytotoxicity and function in concert with
MHC restricted af T cells. It has been reported that
infiltration of the v T cells was prominent or was cor-
related with progression of diseases in rheumatoid ar-
thritis, IgA nephropathy and long standing cardiac allo-
grafts(Hohifeld et al., 1991 ; Jacobs and Haynes, 1992).
Therefore this might further suggest possible role of ¥
T cells in rejection. However, in some reports they were
reported to have no role in the progression of acute
rejection and even downregulated immune response.

To investigate the subsets and pattem of the in-
flammatory cellular infiltrate and possible involvement of
vd T cells in chronic allograft dysfunction, renal allograft
biopsies showing chronic rejection were stained by
immunohistochemical method and correlated with the
data of peripheral blood T lymphocyte subpopulation.

MATERIALS AND METHODS

Sixteen renal transplant biopsies showing chronic re-
jection and examined in the Department of Pathology.
Yonsei University Medical Center from Oct. 1994 to Dec.
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1995 were the subject of the study. Recipients were
immunosuppressed basically with cyclosporine (CsA}
and prednisone. Acute rejection was treated with
methylprednisolone pulse, ALG or CKT3. In the cases
showing high grade CsA toxicity defined by frequent
occurrence of arteriolar hyalinosis, azathioprine was
supplemented with dose reduction of CsA. The indi-
cations of biopsy were elevated serum crealining over
30% of baseline level, significant proteinuria (over 1gmy
24hrs) or persistent microscopic hematuria. Ultrasound-
guided biopsies were obtained with a spring-loaded 18
gauge Biopty gun (Sweden) using aseptic technique
under local anesthesia. The tissue was processed for
light microscopy and immunofluorescent microscopy in
all cases and electron microscopy if needed. The Banff
working classification was used for the diagnosis and
grading. For immunophenotyping both fresh frozen and
paraffin embedded tissues were used. Frozen sections
were cut on a cryostat, air dried and fixed for five min-
utes in cold acstons, then stained with monoclonal
antibodies against CD3, CD4, CD8, CDE8, CD56(Dako,
Japan) and pan TCRy&(TCR&1, T cell diagnostics, Cam-
bridge, MA, USA). Frozen sections were then washed
and incubated with streptavidin bictin peroxidase con-
jugate and developed in a medium containing diamin-
obenzidine and freshly opened hydrogen peroxide.
Paraffin embedded tissue was stained with CD45R0
(UCHL-1, Dako, Japan), CD20-Cy {L26, Dako, Japan}
and CD&8 (Dako, Japan). For the tubular expression of
HLA class Il, the sections were stained with HLA DR
{(Dako Inc. Japan) as well. Bicpsies taken from allografts
showing nonspecific tubulointerstitial change (n=9) or
from nonallograft kidneys with tubulointerstitial nephritis
{n=4) were used as control. Cases showing nonspecific
changes include focal interstital inflammation without
tubulitis andfor focal tubular atrophy and interstitial fi-
brosis. One case of chronic rejection and 3 cases from
the control group showed poor frozen secticn staining,
which were ultimately discarded from analysis. Infil-
trating cells in the cortical interstitium were individually
counted using a point counting method, and counts
were expressed as the number of positively stained
cells per square mm. ¥d T cells were calculated relative
to CD3+ lymphocytes. For analysis of T lymphocyte
subsets and ¥8 T cell distribution in peripheral blood,
the blood was collected on the same day of biopsy.
Among 27 cases tested, 14 of chronic rejection and 5
of nonspecific changes were included for the study.
Only 3 cases of chronic rejection had comparable
tissue results. The blood was diluted twice in RPMI
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media. Mononuclear cells were separated by density
gradient using Ficoll hypaque (Pharmacia, Sweden),
and centrifuged for 30 minutes at 2,000rpm at room
temperature. Ten microliter of fluorescein conjugated
monoclonal antibodies against CD3, CD4, CD8 (Becton
Dickinson, San Jose, CA) and TCR81(T cell diagnostics,
Cambridge, MA, USA) was added to 10° cells, reacted
at 4C for 30 minutes, washed twice with phosphate
buffered saline containing bovine serum albumin, and
fixed in 0.5% paraformaldehyde. Viable cells were ana-
lyzed using FACStar (Becton Dickinson, San Jose, CA).

One way analysis of variance (ANOVA) was used to
test difference among groups. Spearman correlation
test was applied to assess the differences between
parameters. Results were considered statistically sig-
nificant at the p<0.05 level.

RESULTS

1. Phenotypic characterization of infiltrating lym-
phocytes

Inflammatory infiltration was present in all cases. T
cells predominated in the interstitum of chronic re-
jection. The density of T cells were variable from case
to case and from area to area (412.1L387.0; range
51-1621/mmf) and were present scattered or in small
clusters mainly in perivascular and periglomerular areas.
Macrophages showed similar distribution to T cells.
They cutnumbered B cells by more than double in 7
cases, whereas B cells cutnumbered in 2 cases. As the
total number of B cells increased, they tended to
aggregate. The findings from frozen tissue were similar,
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that is, T cells predominated over macrophages. How-
ever the degree of infiltration was not accordant with
that of paraffin sections. Only 6 out of 12 cases show-
ing significant cellular infiltrate in paraffin section had
significant infilirate in frozen tissue as well. Again 6 out
of 10 cases with significant cellular infiltrate in frozen
tissue had significant infilirate in paraffin sections, CD3
positive cellular infilirate showed similar tendency to
CD45RC positive cells in terms of degree. Allografts
with nenspecific tubulointerstitial changes or tubuloin-
terstitial nephritis of native kidneys showed similar dis-
tribution pattern both in type and degree. Six out of 9
cases of allografts with nonspecific tubulointerstitial
changes and 2 out of 4 cases of tubulcinterstitial ne-
phritis showed predominance of macrophages over B
cells. The degree of infiltrate did not give any statistical
significance among groups.

As to the subsets of lymphocytes, CD4 was pre-
dominant in 9 cases and CD8 was predominant in 6
cases and doubled its counterpart in 3 and 2 cases,
respectively. CD8+ cells tended to be more widely
scattered than CD4+ cells. The CD4/CD8 ratios in
interstitial infiltrates were less than 1.0 in 6 cases and
varied from those of peripheral blood.

¥8 T cells were minimally infiltrated in an individually
scattered pattern. Proportion of vd T cells increased
over 10% in 2 cases in tissue. CD56 positive cells were
rarely found but, when present, were scattered(Table 1).

HLA DR was stained in endothelium of glomerular
capillaries, interstitial peritubular capillaries and larger
blood vessels in rejected and norrgjected kidneys.
Approximately half of infittrating cells were stained pos-

Table 1. Interstitial infiltrate in cases with chronic rejection, nonspecific infiltrate and tubulointerstitial nephritis.

Chrenic rejection

Nonspecific infiltrate Tubulointerstitial nephritis

Paraffin sectioned tissue

No. of cases 16 N 9 4
CD45R0O 412.14387.0'% 222441285 494.3+625.6
cD20 1143+147.8° 552+ 535 11151625
CD68 107.6+108.2° 129.4+ 68.8 198.32:194.6
Frozen tissue
No. of cases 15 7 3
CcD3 168.6::170.1 127.3+1188 222.04203.1
CcD8 615+ 79.2 413+ 720 97741219
CD4 559+ 599 554+ 591 147342185
CD68 228+ 268 2194 27.0 387+ 652
VOTCR 15,7+ 13.8 130+ 233 1.7+ 91
CD56 04 08 03+ 08 47+ 64
1: Means+S.D.

No. of positive cells/mm® cortical interstitium.
2. P<0.05 between CD45R0 and CD20, CD20 and CD6E8 and CD45RO and CDE8



492

itively for HLA DR. Tubular expression of HLA DR was,
however, present only in 4 cases of chronic rejection.

2. Flow cytometry and correlation with tissue in-
filtrate

The ratic of CD4/CD8 were less than 1.0 in 6 cases
of 14 chronic rejection and 2 of 5 cases showing non-
specific changes. ¥8T/CD3 were above 10% in 3 of 11
chronic rejection, however, ¥6 proportion was not in-
creased in all 4 cases with nonspecific changes(Table
2). In 3 cases of chronic rejection in which both tissue
and blood results were available, there was no con-
cordance of CD4/CD8 or v8T/CD3 between them(Table
3). In case 1, v8T/CD3 in the renal tissue was 60%,
however, both the number of CD3 and v6 T cells were
less than 10, therefore, the data was not appropriate for
evaluation.

Table 2. Flow cytometric data

Case CD4 CD8  CD4 vBT/CD3
No. (%) () (%) (W)

Chronic rejection 1 478 17.2 28 43
538 337 16 42
478 350 1.4 95
62.6 250 25 46
486 26.8 1.8 106
3.9 362 09 84
312 229 14

425 1.5 1.0

283 448 0.6 10.2
315 48 0.8 49
425 280 15 8.0
25.1 334 0.8 10.3
204 377 0.8 32
303 335 09 84
439 13.1 34 49
538 148 36 6.4
263 297 09

18.3 214 08 74
36.2 327 11 96

Diagnosis

Nonspecific

S G P Gy
OPEWON =R WN 20O ~®O R WND

Table 3. Comparison of tissue and flow cytometric data in
3 cases with chronic rejection.

c CD4/CD8 ratio ¥6T/CD3(%)
ase
Kidney P.B* Kidney P.B.
1 12 086 60.0 10.2
2 07 15 12.0 80
3 03 0.8 83 103
*P.B. ; peripheral blood
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DISCUSSION

Renal allografts with chronic dysfunction may have
residual interstitial infiltrates in the vicinity of vessels and
glomeruli, or lymph follicles at the corticomedullary junc-
tion. Among contributing factors of chronic rejection
consistently known are histocompatibility and frequency
or intensity of acute rejection (Tesi et al., 1993 ; Yilmaz
and Hayry, 1993), that might suggest smoldering in-
flammatory infilirate with focal activity causing irrevers-
ible renal damage. The presence of inflammatory cell
infiltrate in a long-term renal allograft suggests a path-
ological process of potential clinical significance (Boh-
man et al, 1991). However, not all the inflammatory
infiltrate may be involved in cytoloxicity, as revealed by
inflammatory infiltrate in stable graft function (van Es et
al., 1984 ; McWhinnie et al.,1986 ; Isoniemi et al., 1992 ;
Rush et al., 1995). Our data confirmed this finding.
Another evidence is the presence of functionally par-
alyzed inflammatory cells in acute rejection after antire-
jection treatment. These findings suggest that some-
thing other than simple presence of inflammatory cells
may be important and that lymphocyte subset or
cytokine may play a significant role in chronic allograft
dysfunction.

To predict or diagnose the severity of rejection, im-
munchistologic studies have been performed, mostly in
acute rejection. Raftery et al. (1989) reported that the
presence of macrophages correlated best with severe
rejection. Seron et al.(1991) reported that the percent-
age of naive T cells, neither macrophages nor memory
T cells, increased with the severity of interstitial infiltrate.
Others showed important role of T cells in acute re-
jection with either CD4 or CD8 predominance (Platt et
al., 1982 ; Hancock et al., 1983 ; McWhinnie et al.,1986).

As McWhinnie et al. {1986) demonstrated that the
magnitude of infiltrate would vary with time, graft status
and immunosuppression. our data showed variability of
cellular infiltrate from case to case. Even in the same
case, degres of inflammation was variable. Therefore
the focal nature of the lesion and its severity influence
not only diagnosis but also inflammatory intensity.
However, the phenotypic composition remains relatively
constant with T cell predominance.

There is disagreement as to the most prominent T
cell subset found in biopsies from rejecting grafts. Platt
et al. (1982) using an immunofluorescence technique
and Hancock et al. (1983) using an immunoperoxidase
technique found that CD8+ cells were more frequent
than CD4+ cells in acute rejection. McWhinnie et al.
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(1986) described that T lymphocytes accounted for ap-
prodmately 35% of infiltrating cells and CD8+ cells
were more common than CD4+. However, normal or
elevated ratios of T4 to T8 cells in peripheral blood were
associated with rejection(Cosimi et al., 1981). The T4/T8
ratio of infiltrating cells showed no significant change in
acute tubular necrosis, acute rejection, chrenic rejection
or renal disease in the native kidneys of nontransplant
patients (Burdick et al., 1984 ; Waltzer et al.,1987). Pro-
portions of T cells, T cell subsets, B cells and macro-
phages were similar in sequential biopsies. These im-
plicate the inadequacy of this immunological index in
allograft monitoring. Diversity of findings are found in
peripheral blood or tissue section. The monitoring of
peripheral blood lymphocyte subsels have no benifits
either in diagnosis or predicting disease activity.

A significant mecrophage infiltration was found in
chronic rejection as demonstrated by our results. In
severe acute rejection, macrophages probably acting as
effector cells were preponderant over T cells as com-
pared to mild or moderate rejection (Hancock et al
1983). However in chronic rejection they may play roles
in fibrosis rather than active destruction.

In acute rejection, T cells with NK-like activity rather
than specific alloreactive T cells contributes to destruc-
tion of kidney grafts. NK/K cells were less than 9% of
the infilirate (McWhinnie et al., 1986) but they were in-
creased in early postiransplantation (Hancock et al,
1985). We could nct demonstrate any significant infil-
trate of CD56 positive cells. The negative staining for
CDs6 showed two possibilities. In part because these
appear exclusively in early phase of acute rejection, and
possibly because of the lack of sensitivity of our
antiserum to detect them.

The mean percentage of TCR&1+ per CD3+ cells
were 7.0-9.0% in peripheral blood (Bucy et al., 1989 ;
Falini et al., 1989). Increased percentages of ¥d T cells
have been reported in a number of infectious or auto-
immune inflammatory conditions including rheumatoid
arthritis, Kikuchi's and tuberculous lymphadenitis. ¥8 T
cells are found exclusively in the kidneys of patients
with IgAN who progressed to renal failure (Falk et al,,
1995). Raasveld et al. (1992) investigated distribution of
vd T cells in early posttransplantation period and dem-
onstrated no significant increase in the percentage of ¥
T celis in fine needle aspirate even during acute re-
jection. They concluded that ¥8 T cells seem to play no
major role in transplant rejection. Antirjection treatment
did not have any effect on the percentage of v& T cells
either in fine needle aspirate or blood. A significant
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decrease in v& T cells in the pericheral blocd may be
caused by immunosuppressive drug treatment and may
be responsible for the decreased natural killer cytotoxic
activity. Volk et al.(1989) showed increased ¥v8 T cells in
long-term renal transplantation. ¥v& T cells may act as
mediators of cellular immunity that recognize antigens
directly, without the need for specialized antigen pres-
enting cells, or they might be involved in the down-
regulation of the celiular immune response(Vaessen et
al, 1991), Unusual accumulation of v& T cells may
reflect a general breakdown in immune regulation,
rather than simple expansion of T ¢cells in response to
direct stimulation in adults. ¥& T cell population was
elevated in 3 of 11 cases while no such increase was
cbserved in 4 nonspecific cases. We do not know
whether these subsets might have exerted some role in
graft damage at least in these three cases. We were
unable to demonstrate CD56 positive calls in our biopsy
materials, and v T cells appear to have no or a limited
role in chronic rejection in our experience.

In summary, T lymphocytes were predominant re-
gardless of diagnosis or disease activity. T lymphocyte
subset did not give any suggestion as to the diagnosis
or disease activity in chronic rejection. Furthermore 8
T cells had only limited value and may not be involved
in cytotoxicity, Lymphocytic subsets in peripheral bleod
are not predicters of tissue destruction in chronic re-
jection.
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