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Extracorporeal Photopheresis Reduces Fibrotic 
and Inflammatory Transcriptomic Biological 
Marker of Chronic Antibody-mediated Kidney 
Rejection
Arnaud Lionet , MD,1,2 Marine Van Triempon, MD,1 Martin Figeac, MD, PhD,3 Victor Fages, MD,1 
Jean-Baptiste Gibier, MD, PhD,4 François Provot, MD,1 Mehdi Maanaoui, MD,1,5 Nicolas Pottier, PharmD, PhD,2  
Christelle Cauffiez, PhD,2 and François Glowacki, MD, PhD1,2

Background. The benefit of extracorporeal photopheresis on the course of kidney transplant rejection is unknown. The 
aim of our study was to investigate the variations in transcriptomics on graft biopsies when extracorporeal photopheresis was 
used to treat chronic humoral rejection after kidney transplantation. Methods. We retrospectively analyzed the mRNA 
expression of 770 genes of interest in graft biopsies performed before and after treatment. Eight patients received an average 
of 23 extracorporeal photopheresis sessions over 4 mo between the 2 biopsies. Results. Transcriptomic analysis of the 
graft biopsies identified a significant (adjusted P < 0.05) increase in CAV1 mRNA in all patients and a significant decrease in 
CD19, IL21, PAX5, and SFTPA2 mRNAs in 7 of 8 patients. Conclusions. In patients treated with extracorporeal pho-
topheresis for chronic humoral rejection after renal transplantation, omic analysis of repeated biopsies shows a reduction in 
fibrotic and inflammatory transcriptomic biologicals markers.

http://links.lww.com/TXD/A615 

(Transplantation Direct 2024;10: e1587; doi: 10.1097/TXD.0000000000001587.) 

Despite progress over the past decade, long-term survival 
of kidney graft remains a challenging issue for nephrol-

ogists.1 Chronic antibody-mediated rejection (cABMR) is one 
of the leading causes of kidney-allograft failure and is often 
the result of insufficient immunosuppression or poor adher-
ence to immunosuppressive treatment.2 cABMR is viewed as a 
continuous process that can begin any time after transplanta-
tion with great clinical heterogeneity, ranging from subclinical 
rejection to allograft loss.3 The diagnosis of cABMR is based 
on specific histological lesions as described in the Banff clas-
sification with or without detection of donor-specific antibod-
ies (DSA).4 Histological criteria use semiquantitative score 
for microvascular inflammation, C4d staining, chronic glo-
merulopathy, peritubular capillary basement membrane mul-
tilayering, and transplant arteriopathy, that together define 
cABMR.5 cABMR can be dichotomized into active cABMR 
and chronic inactive cABMR based on the presence of a cri-
terion of antibody interaction with the endothelium. If this 
criterion is present on the biopsy, the cABMR is defined as 
active. If this criterion is absent on the biopsy but have been 
previously documented, the cABMR is defined as inactive.4 
Given the complexity and subjectivity associated with this 
classification, new transcriptomic tools have been developed 
to better define cABMR, with in particular, the inclusion of 
the “increased expression of gene transcripts in the biopsy tis-
sue strongly associated with ABMR” in the Banff definition 
of cABMR since 2017.4 Nevertheless, a more precise under-
standing of allograft rejection physiopathology and pheno-
types is still critical, especially to develop specific and effective 
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treatments for this condition. Indeed, current therapeutic 
strategies are mainly based on the results of retrospective data 
or pilot trials, such as intravenous immunoglobulins (IVIg) 
and Rituximab, complement blockade, Bortezomib, or inter-
ference with IL6 (Interleukin 6)/IL6 receptor signaling.6 The 
benefit of such therapies remains unproven and their cost and 
adverse effects have to be assessed in clinical practice.

Extracorporeal photopheresis (ECP) is an immunomodu-
lating apheresis therapy, that has proven to be effective in graft 
versus host disease.7 The exact mechanism of action is not 
fully understood but ECP appears to exert an immunomodu-
latory effect with a decrease in proinflammatory cytokines 
and effector T cells and an increase in antiinflammatory 
cytokines and regulatory T cells, which contribute to allograft 
acceptance without infectious adverse events.8 In addition, a 
direct antifibrotic effect of ECP has recently been suggested in 
a mouse lung transplantation model.9,10 Thus, this technique 
could be interesting in the management of cABMR and its 
use in kidney transplantation is beginning to be evaluated.11,12

In this study, we investigated the effects of ECP in cABMR 
using transcriptomic analysis. We report the results of 8 
patients with biopsy-proven cAMBR that were treated with 
ECP and in whom we performed kidney biopsies with histo-
logical and transcriptomic analyses before and after treatment.

MATERIALS AND METHODS

Data Source and Ethical Statement
This study was performed according to the Declaration 

of Helsinki and the Declaration of Istanbul. No organs were 
procured from prisoners. Ethical committee was not required, 
according to French laws and the local institutional review 
board (Centre Hospitalier Universitaire, Lille), as the study 
was monocentric and observational. Informed consent 
was obtained from all subjects. Once fully pseudonymized, 
the dataset was processed under French and EU data pro-
tection laws and regulations (Commission Nationale de 
l’Informatique et des Libertés, CNIL).

Patients and Design
We present the results of a retrospective single-center case 

series of 8 kidney transplant recipients with biopsy-proven 
cABMR according to Banff classification and treated by ECP 
therapy between 2016 and 2020 at Lille University Hospital, 
France.

Inclusion criteria were as follows:
– age >18 y old,
– transplant kidney recipients,
–  with biopsy-proven cABMR according to Banff 2017 

criteria,
– who failed or were not eligible to standard treatment,
–  decision to treat with ECP according to the transplant 

team’s habits,
–  patients who have been treated with ECP for at least 3 mo,
–  with a control biopsy performed after a minimum of 3 

mo of treatment with ECP, and
– patient consent to participate in this retrospective study.
– Exclusion criteria were as follows:
–  absence of peripheral veins or AVF, which allow ECP to 

be performed, and
–  opposition of the patient or Patients unable to understand 

the clinical trial and/or to give consent.

Half of the patients met the criteria for active cABMR 
and the other half for inactive cABMR, but all them had a 
microvascular inflammation score (g+ptc) ≥2. Decision to ini-
tiate ECP was taken in view of the existence of microvascular 
inflammation associated with cABMR, after consensus within 
the nephrology team and after information and agreement of 
the patients. The objective of this therapy was to provide a 
salvage therapy in patients with or without previous acute 
ABMR who failed or were not eligible to standard treatment 
(IVIg, steroids, and plasmapheresis). ECP was prescribed on 
top of previous treatment regimen without concomitant new 
immunosuppressive drugs. Patients were monitored for kid-
ney function and adverse events and underwent systematic 
biopsies at the end of ECP treatment to assess histologically 
the impact of ECP on cABMR according to Banff classifica-
tion. Transcriptomic analysis was carried out for each biopsy. 
All patients gave their consent to participate in this study.

ECP Procedure and Characteristics
During each ECP session, patient blood was collected 

from a peripheral venous catheter or from an arteriovenous 
fistula (AVF). The peripheral blood mononuclear cells were 
separated by cytapheresis, treated with methoxsalen (Uvadex, 
THERAKOS, Wokingham, United Kingdom), exposed to UV 
A light, and, finally, the irradiated cells were reinfused into 
the patient. All ECP sessions have been performed with the 
Cellex THERAKOS (Therakos Lotus Park, London, United 
Kingdom). ECP procedure was based on an induction phase 
with 2 ECP sessions per week during the first 6 wks, then 1 
session weekly from week 6 to 12 and a maintenance phase 
with 2 ECP sessions monthly until repeated biopsy. ECP char-
acteristics were recorded, such as duration of treatment, num-
ber of ECP sessions, ECP session duration, vascular access, 
blood volume processed, cellular collection volume, number of 
white blood cells, erythrocytes and platelets, and % of treated 
cells. All patients received photoprotection recommendations.

Kidney Biopsy and NanoString Gene-expression 
Profiling

Each patient had biopsy-proven cABMR and systematic 
biopsy after 3 mo of ECP treatment. The reasons for the biop-
sies that led to the initial diagnosis of cABMR were either for 
increased creatinine, increased proteinuria, or the emergence 
of DSA. Ten-µm-thick sections were obtained from frozen 
or alcohol-formalin-acetic acid (AFA) fixed-paraffin embed-
ded tissue-block to collect the 300 ng of RNA required for 
analyses. RNA was isolated and extracted using the tissue 
RNA Isolation Kit (Roche Diagnostics GmbH, Mannheim, 
Germany), and then concentration was assessed with the 
NanoDrop spectrophotometer (Thermo Fisher Scientific Inc., 
Waltham, MA, United States); 300 ng of total RNA from each 
sample was then hybridized to the nCounter Human Organ 
Transplant Panel (NanoString Technologies, Seattle, WA, 
United States). This panel evaluates the expression of 758 tar-
get genes and 12 internal reference genes for data normaliza-
tion. Expression data were normalized and analyzed with the 
nSolver Analysis Software (version 4.0.70).

Statistical and Bioinformatic Analyses
Baseline characteristics of patients and ECP characteristics 

are described as means and standard deviations for continu-
ous variables.
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For transcriptomic analysis, normalization was done 
using the 12 housekeeping genes included in the panel. 
Differential expression was done comparing paired sam-
ples after and before treatment (DESeq2 bioconductor 
package). P values were adjusted for multiple testing using 
Benjamini Hochberg procedure. We used a volcano plot 
to show differential gene expression on kidney transplant 
biopsies and select differentially expressed gene based. 
The selection of genes showing a significant difference in 
expression before and after PCE was based on the adjusted 
P < 0.05 and a fold change >1.25. We used boxplots with 
medians and interquartile ranges (IQRs) to represent RNA 
counts (expressed in log2) per sample with a significant 
difference, on biopsies performed before and after ECP. 
Further analyses were carried out in the R language using 
the DeSEQ2 package.

RESULTS

Baseline Characteristics of Kidney-allograft 
Recipients

Baseline clinical characteristics of the 8 included patients 
are described in Table 1. The mean age was 45 y. Fifty per-
cent of patients were male; 50% of patients were undergo-
ing second transplantation. All kidneys were from deceased 
donors, and 5 patients (62.5%) had previously experienced 
acute ABMR. All patients were classified as cABMR on 
kidney biopsy according to Banff classification at time of 
biopsy. The interval between transplantation and cABMR 
ranged from 2.9 to 166 mo. Mean plasmatic creatinine at 
time of cABMR was 1. 8 mg/dL, and 3 patients had anti-
HLA DSAs.

ECP Procedure and Characteristics
Description of ECP procedure and characteristics are 

detailed in Supplemental data (Table S1, SDC, http://links.
lww.com/TXD/A614) for each patient. Mean duration of ECP 
treatment was 3.9 mo with a mean number of sessions of 23 
and a mean duration of 109 min per session. Patient number 
8 had a longer ECP treatment duration compared with oth-
ers (8.3 mo), as she was under anticoagulant therapy for bra-
chiocephalic trunk stenosis, which did not able us to perform 
repeated biopsy after 3 mo as scheduled. Six patients (75%) 
had an arteriovenous fistula that was used for ECP, whereas 
peripheral venous catheter was used for 2 patients. Mean 
blood volume processed was 1523 mL. Numbers and percent-
ages of treated cells were used as quality controls. We did not 
observe any adverse event associated with ECP treatment.

Biological and Graft Evaluation
Biological and histological graft characteristics are 

described in Supplemental data (Tables S2 and S3, SDC, 
http://links.lww.com/TXD/A614), for each patient, before 
and after ECP treatment. Renal function remained stable after 
ECP for 3 patients, decreased for 1 patient, and increased 
for 4 patients. Comparison of microvascular inflammation 
(g+ptc) scores on biopsies before and after treatment showed 
an improvement in 5, a stability in 1 patient and a worsen-
ing in 2 patients. DSAs data before and after ECP were avail-
able for 3 patients; we found no significant difference on DSA 
titers evolution after treatment.

Molecular Marker of cABMR Before and After ECP
Data from the nanostring analysis can be viewed on 

the Gene Expression Omnibus public repository (ID: 
GSE240778). To identify differential gene expression on kid-
ney transplant biopsies and select genes of interest, we used a 
Volcano plot that is represented in Figure 1. We identified 8 
genes that were significantly modulated after ECP treatment 
(adjusted P < 0.05) (Figure 2). In particular, transcriptomic 
analysis revealed that only expression of CAV1 was increased 
in all patients, whereas CD19, IL21, PAX5, and SFTPA2 
expression was decreased for 7 out of 8 patients between the 
2 biopsies. There was also a significant decrease in POU2AF1, 
PF4, and SOST mRNA expression but with greater interindi-
vidual variations.

DISCUSSION

In this study, we evaluated the potential benefits of ECP 
in the treatment of cABMR using transcriptomic analysis. 
The most striking result is a switch in transcripts toward an 
antifibrotic biologic marker with an increase in Caveolin-1 
(CAV1) expression and a decrease in SFTPA2 expression. 
Increased CAV1 expression was observed in all our patients 
between the 2 biopsies. These results echo the work of Liu 
et al recently reported which suggests a direct antifibrotic 
action of ECP.9,10 In this study, the authors demonstrated 
that ECP decreases bionchiolar fibrosis in a murine lung 
allograft model by limiting TGF-B bioavailability through 
the production of decorin. CAV1 also plays a crucial role 
in the regulation of TGF-B signaling through the internali-
zation and degradation of TGF-B receptors.13–15 Its role in 
pathological tissue fibrosis has been demonstrated in CAV1-
deficient (CAV1‐/‐) mouse models that develop exacerbated 
fibrosis with abundant connective tissue deposition.14,16 
Interestingly,CAV1 gene transfer via adenovirus vectors 
in CAV1‐/‐ mice induces a reduction in collagen deposition 
in bleomycin-induced lung fibrosis models.17 Moreover, 
CAV1‐/‐ mice display exacerbated renal interstitial fibrosis 
after unilateral ureteral obstruction, a preclinical model of 
TGF-B-induced renal fibrogenesis.18 CAV1 function is also 
of potential interest in the context of kidney transplanta-
tion.19–21 Indeed, 2 studies reported that donor CAV1 single 
nucleotide variation could influence graft fibrosis and long-
term outcome after kidney transplantation.20,21 In a recent 
study, Gambella et al22 reported that Caveolin-1 is overex-
pressed in cABMR and could be a key marker in patients 
with cABMR. Overexpression of CAV1 could thus be a 
compensatory mechanism to the fibrotic lesions induced by 
cABMR but both its kinetics and prognostic significance 
remain to be determined. There are 2 arguments in favor of 
an elevation of CAV1 under the action of ECP rather than 
by the spontaneous evolution of cABMR natural histoty. 
First, we observed in our patients concomitantly with the 
elevation of CAV1, a decrease in SFTPA2 (surfactant pro-
tein A2), which has been described to exert a profibrotic 
effect in kidney.23 Second, this antifibrotic effect of ECP 
occurs while we observe a decrease in the expression of 
mRNAs of proteins involved in inflammation (IL-21) and 
in the allogeneic response (CD19 and PAX5). IL-21 is a 
key inflammatory cytokine implicated in humoral immu-
nity. Murine models have shown that IL-21 is deleterious 
once rejection is triggered. Indeed, in a kidney transplant 

D
ow

nloaded from
 http://journals.lw

w
.com

/transplantationdirect by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbs

IH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 04/08/2024

http://links.lww.com/TXD/A614
http://links.lww.com/TXD/A614
http://links.lww.com/TXD/A614


4 Transplantation DIRECT   ■   2024 www.transplantationdirect.com

T
A

B
L
E

 1
.

P
at

ie
nt

 b
as

el
in

e 
ch

ar
ac

te
ri

st
ic

s 
at

 E
C

P
 in

it
ia

ti
o

n

Pa
tie

nt
 n

um
be

r 
1 

2 
3 

4 
5 

6 
7 

8 

Ag
e 

(a
t t

im
e 

of
 c

AB
M

R)
46

38
51

51
38

52
53

33
Ge

nd
er

F
M

F
F

M
M

F
M

Gr
af

t r
an

k
2

1
2

1
2

2
1

1
cP

RA
98

%
0%

90
%

0%
0%

99
%

40
%

0%
ES

RD
 c

au
se

Ve
si

co
ur

et
er

al
 re

flu
x

Ve
si

co
ur

et
er

al
 re

flu
x

Re
na

l d
ys

pl
as

ia
Va

sc
ul

ar
Tu

bu
lo

in
te

rs
tit

ia
l

De
ns

e 
de

po
si

t d
is

ea
se

FS
GS

Va
sc

ul
ar

De
ce

as
ed

 d
on

or
Y

Y
Y

Y
Y

Y
Y

Y
Fo

rm
er

 a
cu

te
 A

BM
R

Y
Y

N
N

Y
Y

N
Y

Ty
pe

 o
f r

ej
ec

tio
n

 a
-c

AB
M

R
a-

cA
BM

R
na

-c
AB

M
R

na
-c

AB
M

R
a-

cA
BM

R
na

-c
AB

M
R

na
-c

AB
M

R
a-

cA
BM

R
In

te
rv

al
 b

et
w

ee
n 

tra
ns

pl
an

ta
tio

n 
an

d 
cA

BM
R 

(in
 m

o)
2.

9
81

.7
22

.4
15

.6
13

8
52

.4
16

6
39

.5
Re

as
on

s 
fo

r b
io

ps
y

 
 In

cr
ea

se
d 

cr
ea

tin
in

e
Y

Y
Y

N
Y

N
N

Y
 

 In
cr

ea
se

d 
pr

ot
ei

nu
ria

N
Y

N
Y

N
Y

Y
Y

 
 DS

A 
(S

pe
ci

fic
ity

)
Y 

(C
w

5)
N

N
N

Y 
(A

1)
Y

N
Y 

(A
1)

Bi
ol

og
y 

an
d 

im
m

un
ol

og
y 

at
 ti

m
e 

of
 c

AB
M

R
 

 Cr
ea

tin
in

e 
(m

g/
dL

)
1.

7
1.

4
1.

4
2.

2
2.

8
1.

3
1.

4
2.

1
 

 Al
bu

m
in

ur
ia

/c
re

at
in

in
e 

ra
tio

 (m
g/

g)
47

86
5

43
26

00
66

42
4

17
00

85
1

 
 Nu

m
be

r o
f a

nt
i-H

LA
 D

SA
s

1
NA

0
0

1
0

0
NA

Im
m

un
os

up
pr

es
si

on
 a

t t
im

e 
of

 c
AB

M
R

 
 Ta

cr
ol

im
us

Y
Y

Y
Y

Y
Y

Y
Y

 
 M

yc
op

he
no

la
te

 m
of

et
il

Y
Y

N
Y

Y
Y

N
Y

 
 Ev

er
ol

im
us

N
N

Y
N

N
N

N
N

 
 St

er
oi

ds
Y

Y
Y

N
Y

Y
Y

Y

a-
cA

BM
R,

 a
ct

ive
-c

hr
on

ic
 a

nt
ib

od
y-

m
ed

ia
te

d 
re

je
ct

io
n;

 c
PR

A,
 c

al
cu

la
te

d 
pa

ne
l r

ea
ct

ive
 a

nt
ib

od
y;

 D
SA

, d
on

or
-s

pe
ci

fic
 a

nt
ib

od
y;

 E
SR

D,
 e

nd
-s

ta
ge

 r
en

al
 d

is
ea

se
; F

/M
, f

em
al

e/
m

al
e;

 F
SG

S,
 fo

ca
l s

eg
m

en
ta

l g
lo

m
er

ul
os

cl
er

os
is

; H
LA

, h
um

an
 le

uk
oc

yt
e 

an
tig

en
; N

A,
 n

ot
 a

va
ila

bl
e;

  
na

-c
AB

M
R,

 n
on

ac
tiv

e-
ch

ro
ni

c 
an

tib
od

y-
m

ed
ia

te
d 

re
je

ct
io

n;
 Y

/N
, y

es
/n

o.

D
ow

nloaded from
 http://journals.lw

w
.com

/transplantationdirect by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbs

IH
o4X

M
i0hC

yw
C

X
1A

W
nY

Q
p/IlQ

rH
D

3i3D
0O

dR
yi7T

vS
F

l4C
f3V

C
4/O

A
V

pD
D

a8K
K

G
K

V
0Y

m
y+

78=
 on 04/08/2024



© 2024 The Author(s). Published by Wolters Kluwer Health, Inc.  5Lionet et al

mouse model, injection of exogenous IL-21 increases C4d 
deposition, glomerulitis, tubulitis, and interstitial inflam-
mation in the graft.24 Lowering IL-21 could therefore be 
beneficial in cases of allograft rejection. Our results sup-
port this hypothesis as other B-cell markers, such as CD19 
and PAX5 mRNA expressions were significantly decreased 
after ECP.

The anti-inflammatory effect of ECP was expected; after 
reinjection of apoptotic cells following their irradiation, 
ECP treatment is known to be associated with a switch 
from T helpers 1 (Th1) to Th2, an increase in Th1 cytokines 
and interleukin-12, a switch from dendritic cells 1 to 2, 
and it induces tolerance through induction of regulatory T 
cells.24 This switch towards type 2 immune response could 
be a key to the regulation of tissue regeneration.25 This 
anti-inflammatory effect could also have an impact on pre-
venting the development of fibrotic lesions. Indeed, fibrosis 
is viewed as a consequence of dysregulated tissue repair 
response, especially during chronic inflammation disor-
ders26 and an antifibrotic effect of ECP has been reported 
in patients with chronic graft versus host disease or sys-
temic sclerosis, as well as in a mouse lung transplantation 
model.7,27

Our study has several limitations. This is a retrospective 
study with no control group, so it is not possible to attrib-
ute with certainty that the transcriptomic changes observed 
are only due to ECP. With a small number of patients, we 
may have selected patients with heterogeneous graft rejection 

profiles. However, we used Banff classification at time of 
biopsy to define cABMR in those patients, which is currently 
the gold standard in graft tissue assessment. Noteworthy, 
although we only studied 8 potentially heterogeneous 
patients, all of them display a similar transcript profile. Our 
follow-up was rather short (mean duration 3.9 mo), which 
did not allow us to demonstrate a benefit on renal function 
and DSAs. On the other hand, this short-term follow-up lim-
ited the risk of confounding factors (infection, drug toxic-
ity…), which could have influenced kidney biopsy analysis. 
To increase the sensitivity of the analysis, each patient was 
used as his own control and ECP was prescribed on top of 
previous treatment regimen without concomitant new immu-
nosuppressive drugs. Furthermore, other pathways involved 
in fibrosis were not explored, such as the impact of decorin, 
which has been previously described in the lung. Of note, 
decorin is also expressed in the kidney28 and it would be 
interesting to evaluate the impact of ECP on the expression 
of decorin in the kidney, in the setting of cABMR.

CONCLUSION

In patients treated with ECP for cABMR after renal trans-
plantation, transcriptomic analysis of repeated biopsies shows 
a reduction in fibrotic and inflammatory molecular biologi-
cals markers. This study provides further support for inves-
tigating the use of ECP as a therapy for cABMR in renal 
transplantation.

FIGURE 1. Volcano plot showing differential gene expression (P value/foldchange) on kidney transplant biopsies, before and after ECP using 
the BHOT assessed by the NanoString nCounter platform. The threshold of the y-axis (dotted line) correspond to adjusted P < 0.05. The 
threshold of the x-axis (dotted line) correspond to Fold Change < −1.25 or Fold Change > 1.25. BHOT, Banff Human Organ Transplant Panel; 
ECP, extracorporeal photopheresis.
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