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Study of CC chemokine receptor 5 in renal allograft
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ABSTRACT

Allospecific recruitment of T cells is primary to the pathogenesis of renal transplant rejection. Chemokines and their receptors
inducing a Th1 cytokine response play a central role in this recruitment. Renal allograft biopsies of 28 patients with acute cellular
rejection and 10 protocol biopsies (controls) were examined in accordance with Banff grading 2007 schema. Immunohistochemistry
for CD3 and CC chemokine receptor 5 (CCR5) in sequential sections was performed and quantitatively assessed in the glomeruli,
tubules, and interstitium. Histopathologic and clinical correlations were carried out. CD3- and CCR5-positive cells were observed
in significantly higher numbers in rejection cases than in controls (P = 0.010). A larger proportion of CCR5-positive cells were
noted in the foci of tubulitis compared to the interstitial infiltrates and glomeruli in all cases, and it correlated with the grade of
cellular rejection (P = 0.010). A greater number of CCR5-positive cells were seen in early rejection (<6 months posttransplant)
compared to late rejection. No clinical correlation with serum creatinine levels was found. CCR5-positive cells represent the
alloaggressive subset of T cells in ACR, and their numbers correlate with rejection severity. CCR5 may be used as a marker of
early acute rejection and may be an important target for future antirejection therapies.
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Introduction

Cellular allograft rejection is one of the commonest
causes of graft dysfunction in the early as well as late
posttransplant period.™ Primary to the pathogenesis of
this rejection is allospecific recruitment of peripheral T
cells.?! Chemokines induce migration of lymphocytes!®
bearing specific chemokine receptors, which is central
to allograft rejection, as has been emphasized in many
experimental and human studies.*® The chemokine
receptor CC chemokine receptor 5 (CCR5) is expressed
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on the alloaggressive Th1l cells, which are responsible
for activating macrophages and mediating cytotoxicity
via Fas-Fas ligand in the graft.”? This study aimed to
determine the distribution of CCR5-positive cells in the
graft and correlate it with the degree of cellular rejection.

Subjects and Methods

In this prospective study, 28 patients who had presented
with graft dysfunction and demonstrated features of acute
cellular rejection (ACR) on biopsy [Figure 1a and b] were
included. C4d immunostaining was performed in all cases to
exclude a concomitant antibody-mediated rejection. Cases
of graft dysfunction attributable to calcineurin inhibitor
toxicity or viral infection on biopsy were also excluded.
All biopsies were classified according to Banff 2007.®! Ten
protocol biopsies at 1 month posttransplant were included
in the control group. Details of immunosuppression and
serum creatinine levels of each patient were recorded.

Immunohistochemistry

Sequential slides were subjected to immunohistochemistry
for CD3 (rabbit polyclonal Abcam ab5690 1:100) and
CCRS5 (rabbit polyclonal AbD Serotec AHP568 1:150)
using conventional techniques. CCR5 antibody was
standardized using formalin-fixed spleen tissue from
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splenectomy specimens. The slides were examined by
two pathologists (AKD and RG). In the same area of the
section, both CD3- and CCR5-positive cells were counted
separately in the tubules, interstitium, and glomeruli, and
expressed as number of cells per high power field (hpf).

Banff grading of ACR depends on the quantity of leukocytes
infiltrating the interstititum, tubules, and arterioles. Thus,
we correlated CCR5-positive T lymphocytes with the total
grade of rejection as well as the individual components such
as tubulitis, intimal arteritis, and interstitial inflammation
using statistical tools of correlation such as Spearman
correlation and Pearsons correlation. Statistical analysis
was performed using SPSS 17.

Results

The clinical characteristics of the cases and controls are
elucidated in Table 1. On histopathologic examination, the
cases showed ACR of variable Banff grades, as detailed
in Table 2a and b. None of the protocol biopsies showed
features to suggest borderline/ACR.

Immunohistochemical analysis revealed that the cases
had a significantly higher number of CD3-positive
(35.16 vs. 2.82) and CCR5-positive cells (15.48 vs. 0.64)
compared to the control group (P = 0.010), and the
pattern of distribution between CCR5- and CD3-positive
cells in sequential sections was closely comparable
(P < 0.01) [Figure 1c and d].

Distribution of CC chemokine receptor 5-positive
cells and histopathologic correlations

In cases with rejection, the CCR5-positive lymphocytes were
observed to be significantly more in the tubulointerstitium
than in the foci of glomerulitis (15.48 vs. 0.32;
P =0.007) and also more in the foci of tubulitis compared
to the interstitium, although this did not reach levels
of significance (P = 0.351). Quantitation of CD3- and
CCR5-positive cells infiltrating the arterial intima could
not be performed due to very small numbers of infiltrating
cells; however, few infiltrating CCR5-positive cells were
noted [Figure 2].

A positive correlation was found between CCR5-positive
cells and grading of rejection by Banff 2007 (P < 0.05),
that is, higher grade of rejection had higher number of
CCRS5-positive cells. Percent of T cells expressing CCR5 in
the foci of tubulitis positively correlated with the severity
of tubulitis, and also with the severity of interstitial
inflammation (P < 0.05). No significant correlation with
chronic features such as interstitial fibrosis and tubular
atrophy was noted.

Clinical correlations

No correlation was noted with the serum creatinine
levels at the time of the biopsy, and the number
of CCR5-positive cells did not predict response to
antirejection therapy determined by follow-up serum
creatinine levels (P = 0.134). Thus, although the
number of CCR5-positive cells correlated with the
grade of rejection, it did not correlate with the degree
of graft dysfunction or response to therapy within
rejection cases. The patient population was divided
into two groups: One containing tacrolimus and the
other containing cyclosporine. Patients on tacrolimus

Table 1: Clinical characteristics of the study population

Parameter Controls Cases
Number of cases 10 28
Mean age (range) 38 (16-77) 33 (16-50)
Sex

Male 09 26

Female 01 02
Donor status

Live related 08 25

Live unrelated 02 05
Native kidney disease

Hypertensive 02

CGN 05 13

CIN 03 09

Diabetic nephropathy 02 05

Reflux nephropathy 01
S. Creatinine (range) 212 2.57

(1.4-4.5) (1-6.8)

Immunosuppressive regimen

Tac/Pred/MMF 07 14

Csa/AzA/MMF 02 07

Csa/Pred/AzA 01 07
Duration of biopsy 30 days

<6 months 20

>6 months 08

CGN: Chronic glomerulonephritis, CIN: Chronic interstitial nephritis,
Tac: Tacrolimus, Csa: Cyclosporine, Aza: Azathioprine, MMF: Mycophenolate
mofetil

(c) lymphocytes in interstitium and foci of tubulitis (anti-CCR5, 200);
(d) lymphocytes in interstitium and foci of tubulitis (anti-CD3, 200)
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containing regimens were observed to have less total
number of CCR5-positive cells, particularly in the foci of
tubulitis (P < 0.05). In relation to the time interval after

=
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Rejection interval after transplant

Figure 2: Correlation of chemokine receptor 5-positive cells in foci of
tubulitis with interval after transplant

transplantation, the mean count of T cells expressing
CCRS5 in the foci of tubulitis was significantly more in
rejection occurring within 6 months of transplantation
than in that occurring after a period of 6 months
(P < 0.05).

Discussion

As the renal allograft is recognized as foreign, an
allospecific immune response is triggered which is largely
mediated by chemokines. An increase in concentration
of the CC chemokine regulated and normal T cell
expressed and secreted (RANTES) in the allograft has
been demonstrated in cases of cellular rejection.1!
This chemokine is secreted by activated fibroblasts, and
mesangial and tubular epithelial cells in the graft,®6!!]
and induces the migration of CD3-positive T cells
expressing the CCR5 receptor.[1%11

Segerer et al. studied the distribution of CCR5-

Table 2a: Histological and immunohistochemical analysis of Banff grade | cases

Case no. i CD3/CCR5 t CD3/CCR5 g CD3/CCR5 \' ci ct cg mm ah Banff grade

1 i2 13/0 t1 1/0 go 0 vi ci2 ctl cg0 mmi ah1  ACRIAIFTA AMR
2 i2 9/7 t1 5/4 gl 0 v0 cil ct0 cg0 mmO0  ah1 ACR IB

3 i2 60/30 t1 31 g1 4/2 v0  cit ct2  cgl mm0 ahlt ACRIB

4 i2 11/6 t1 6/5 g1 21 vO ci2 ct3 cg0 mmi ah1  ACRIBIFTAII

5 i2 70/23 t2 10/8 go 0/0 vO c¢i0 «ct0 c¢cg0 mmO ah1 ACRIB

6 i2 3/3 t1 21 go 0/0 vO ci2 ct2 cg0 mmO ah0 ACRIBIFTAII

7 i2 37/24 t1 7/5 go 0/0 vO ci2 ctl cg0 mmO ah0 ACRIAIFTAII

8 i2 5/0 t2 1/0 go 0/0 v0 ci2 ctl cg0 mmO ah0 ACRIIFTAI

I: Interstitial inflammation, t: Tubulitis, g: Glomerulitis, v: Intimal arteritis, ct: Tubular atrophy, ci: Interstitial fibrosis, mm: Mesangial matrix expansion,

ah: Arteriolar hyalinosis, cg: Allograft glomerulopathy

Table 2b: Histological and immunohistochemical analysis of Banff grade IlI-lll cases

Case no. i CD3/CCR5 t CD3/CCR5 g CD3/CCR5 v ct cg cv mm ah Banff grade

1 i2 40/11 t2 15/8 g0 0 vi cti cg0 cv0 mmO0 ah0 ACRIIB

2 i2 10/4 t2 3/2 go 0 vi ct2 cg2 cvi mm2 ah0 ACRIIBIFTAI
3 i2 50/12 2 15/10 go 0 vl cil ctl cg0 mmO0 ah0 ACRIIA

4 i3 3/0 t2 2/0 go 0 vi ci2 ct2 cgl mmi1 ah0 ACRIIAIFTAI
5 i3 10/4 t2 4/3 go 0 v2 ¢i3 ct2 cg0 mmO ah0 ACRIIBIFTAI
6 i2 50/25 t2 15/15 go 0 vi ci2 ct2 c¢cg0 mmO0 ah0 ACRIIAIFTAI
7 i2 35/11 t2 9/6 gl 11 vi ci2 cti cgl mm1 ah0 ACRIIAFTAI
8 i2 32/10 t1 6/5 go 0 vl  ci2 ct cg0 mm1 ah0 ACRIIBIFTAI
9 i2 55/42 t2 6/5 g0 0 vi cit ct2 cg0 mmi1 ah0 ACRIIA

10 i2 113/55 t2 25/20 go 0 vi  ci2 ctt cg0 mmO0 ah0 ACRIIBIFTAI
11 i1 12/1 t1 6/0 gt 0 vl cit ct0 cgd0 mmi1 ahlt ACRIIA

12 i2 30/5 t 8/3 go 0 vi ci2 ct3 c¢cg0 mmO0 ahl ACRIIIFTAIl
13 i2 110/80 t2 45/42 go 0 vl cit ct0 cg0 mmO0 ah0O ACRIIIFTAI
14 i2 55/4 t2 18/0 g1 0/0 v2 ci2 ct2 cg0 mmO ah0 AMRACRIIBIFTAII
15 i2 30/12 t2 12/5 go 0/0 vl cil ct0 cg0 mmO0 ah0 ACRIIA

16 i2 3/2 2 2/2 go 0/0 v2 ¢ci0 ct0 cg0 mmO0O ah0O ACRIIB

17 i2 5/2 t2 3/2 go 0/0 vi ci2 ct2 cg0 mmO0 ahlt ACRIIBIFTAI
18 i3 174/150 t2 55/50 gl 4/3 v3 ci2 ct2 cg2 mmO0 ah2 ACRIIIIFTAIN
19 i2 5/2 t2 3/2 g0 0/0 vi ci2 ct2 cg0 mmO ahl ACRIIBIFTAI
20 i2 20/10 t3 12/9 go 0/0 v3 c¢ci1 Ct0 cg0 mmO0 ahl ACRII

i Interstitial inflammation, t: Tubulitis, g: Glomerulitis, v: Intimal arteritis, ct: Tubular atrophy, ci: Interstitial fibrosis, mm: Mesangial matrix expansion,

ah: Arteriolar hyalinosis, cg: Allograft glomerulopathy, ACR: Acute cellular rejection
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positive cells by immunohistochemistry in cases of
glomerulonephritis, interstitial nephritis, and transplant
rejection.”™ In the 18 transplant cases (9 acute and 9
chronic), CCR5-positive cells were seen in all interstitial
areas, with mononuclear cell infiltrates constituting
approximately 90% of the CD3-positive cells in cases of
acute rejection and approximately 65% in cases of chronic
rejection. CCR5-positive cells were also seen in foci of
tubulitis, glomerulitis, and endothelitis. Seven of the nine
cases of acute rejection were of Banff grade I. However,
no correlations with histopathology were made. In clinical
correlations, they found that the mean CCR5-positive
cells per cortical hpf was significantly higher in cases with
creatinine more than 1.2 mg/dl (P < 0.01).

In another study, Segerer et al. showed an increase
in mRNA expression of CCR5, CCR2B, and CXCR4 in
allograft infiltrating leukocytes, compared to that in
controls.!*? Expression of CCR1 was documented in
both allograft rejections and controls. CCR3 and CCR8
were absent. CXCR4 was most diffusely expressed. These
findings were indicative of a Th2 response in rejection.
Panzer et al.* compared CCR5 and CXCR3 expression in
13 cases of acute rejection and an equal number of cases
without rejection in biopsies. They found significantly
higher numbers of CCR5-positive cells in acute rejection
(160.9 = 33.1/30 hpfs) compared to no rejection cases
(36.2 = 10.7, P < 0.007), similar to that in this present
study. No predictive value could be assigned to CCR5.
Their cases varied from Banff grade I a to II b; however,
no histopathologic correlations were made.

We also found significantly increased number of
CCR5-positive cells in patients on cyclosporine
compared to those on tacrolimus containing regimen.
Daniel Seron et al. reported increased CD3- and
CD68-positive allograft infiltrating cells in patients
on cyclosporine compared to those on tacrolimus,*
similar to our study. However, ours is the first study
correlating CC chemokine receptor 5 in these two
groups and shows significantly more CCR5-positive cells
in patients on cyclosporine containing regime compared
to those on tacrolimus.

One important observation in cases 1 and 8 [Table 2a]
and cases 4, 11, and 14 [Table 2b] was the presence of
very few or no CCR5-positive cells. A possible explanation
to this could be that CCR5, which is an early marker of
rejection responsible for recruitment of the leukocytes,
may not be observed in large numbers once rejection
is for a longer time and well established. Almost all of
these cases had intimal arteritis (except case 1), pointing
toward increased severity of the cases.

In this study, it was again confirmed that CCR5-positive
cells are significantly increased in rejecting compared
to stable grafts and are found predominantly in the foci
of interstitial inflammation and tubulitis. In addition,
histopathologic correlations showed significant increase
in the infiltrating CCR5-positive cells with worsening
Banff grades.

Early ACR had significantly more CCR5-positive T
cells in foci of tubulitis compared to late ACR. With
animal model experiments demonstrating that blockade
of CCRS5 receptors leads to retardation of rejection
episodes,*1%! the findings of this study also indicate
a future role of anti-CCR5 therapy in the treatment of
rejection, particularly early episodes. In addition, as CCR5
represents the actively alloaggressive subset of T cells
and increases with worsening of rejection, the authors
propose that it be added to the ever-expanding list of
activation markers for T cells, and future studies on cases
of borderline rejection are warranted.
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