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Abstract

Background: The clinical significance of de novo donor-specific antigen (DSA) in renal transplant recipients is not yet
fully understood. This study aimed to report the prevalence of de novo DSA detected in antihuman leukocyte antigen
(HLA) antibody testing and to evaluate the association between de novo DSA and renal transplant prognosis in living-
donor renal transplant recipients at our hospital.

Methods: Of the 110 patients who underwent living-donor renal transplantation from 1980 to 2019, 80 patients who
underwent anti-HLA antibody screening tests were retrospectively reviewed for the development of de novo DSA
and outcomes regarding graft function.

Results: The mean age at transplantation was 43.2 4+ 14.6 years. Of the 80 patients, 43 (53.8%) were men and 68
(85.0%) underwent ABO-compatible transplantation. Anti-HLA antibody was detected in 14 patients (17.5%), includ-
ing eight (10.0%) with de novo DSA. Graft loss occurred in two (25%) of the eight patients with de novo DSA, none

of the six patients with non-DSA anti-HLA antibody and no anti-HLA antibody (P=0.0419, log-rank test). The mean
estimated glomerular filtration rate at the time of the anti-HLA antibody test was 45.1 & 14.4 mL/min/1.73m? in the
66 patients with no anti-HLA antibody, while it was 35.0411.5 mL/min/1.73m? in the eight patients with de novo
DSA (P=0.0702) and 39.3+ 15.3 mL/min/1.73m? in the six patients with non-DSA anti-HLA antibody (P=0.3921).
The mean monthly cyclosporin A trough concentration for the past year from the anti-HLA antibody test was
59.2£24.8 ng/ml in the seven patients with no anti-HLA antibody, while it was 61.9412.5 ng/ml in the five patients
with de novo DSA (P=0.5670) and 36.3+9.0 ng/ml in a patient with non-DSA anti-HLA antibody (P=0.3921). The
mean monthly tacrolimus trough concentration for the past year from the anti-HLA antibody test was 4.62 £ 1.20 ng/
mlin the 55 patients with no anti-HLA antibody, while it was 4.09 4 1.10 ng/ml in the three patients with de novo DSA
(P=0.0027) and 4.21 +1.14 ng/ml in the four patients with non-DSA anti-HLA antibody (P=0.0722).

Conclusions: The optimal treatment for patients with de novo DSA has not been established, and immunosuppres-
sive management that suppresses the development of de novo DSA is essential.
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Background

Advances in immunosuppressive drugs have improved
the incidence of acute rejection and the prognosis of
transplanted kidneys, but antibody-mediated rejection
(ABMR) caused by de novo donor-specific antibody
(DSA) to human leukocyte antigen (HLA) remains dif-
ficult to treat and is a major cause of transplant renal
dysfunction [1-6]. However, the association between
the development of de novo DSA and ABMR is unclear,
as not all DSA-positive patients develop ABMR. Addi-
tionally, no standard treatment for ABMR due to de
novo DSA has been established.

In 2018, annual anti-HLA antibody screening tests
were approved for renal transplant recipients in Japan.
Herein, we report the prevalence of de novo DSA and
evaluate the association of de novo DSA with func-
tional graft outcomes in living-donor renal transplant
recipients at our hospital.

Methods

Study design and participants

The present study was performed in accordance with
the guidelines of the Declaration of Helsinki and was
approved by the research ethics committee of Kyoto
University (#R2485-1).

Of the 110 patients who underwent living-donor
renal transplantation from 1980 to 2019, 80 patients
who were screened for anti-HLA antibody were retro-
spectively reviewed. One patient who had preformed
DSA was excluded. The other patient was excluded
because he had a myocardial infarction soon after sur-
gery and died early. Patient characteristics such as age,
sex, ABO-compatibility, cause of renal dysfunction, and
history of liver transplantation were investigated based
on the clinical records. The patient characteristics are
shown in Table 1. The mean age at transplantation was
43.2+14.6 years. There were 43 men (53.8%) and 68
ABO-compatible cases (85.0%). IgA nephropathy was
the most common cause of renal dysfunction (n=20,
25.0%). There were one secondary renal transplant
cases, and five patients had a history of liver transplan-
tation. The median follow-up period was 101 months
(range 17-487 months).

The estimated glomerular filtration rate and the
monthly trough concentration of cyclosporin A and
tacrolimus were compared using the Mann—Whitney U
test. The functional graft survival was estimated by the
Kaplan—-Meier method and compared by the log-rank
test. Statistical significance was set at P<0.05. All anal-
yses were completed using JMP® software (JMP pro
version 15; SAS Institute Inc., Cary, NC, USA).
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Table 1 Characteristics of renal transplantation recipients

Recipient characteristic n=80
Age in years, mean £ SD 4324+146
Sex
Male, n (%) 43 (53.8%)
Female, n (%) 37 (46.2%)
ABO
Compatible, n (%) 68 (85.0%)
Incompatible, n (%) 12 (15.0%)
Primary disease
IgA nephropathy, n (%) 20 (25.0%)
Diabetic nephropathy, n (%) 7 (8.8%)
Chronic glomerulonephritis, n (%) 10 (12.5%)
Reflux nephropathy, n (%) 4 (5.0%)
Drug nephropathy, n (%) 5(6.3%)
Nephrosclerosis, n (%) 2 (2.5%)
Henoch-Schénlein purpura nephritis, n (%) 2(2.5%)
Autosomal dominant polycystic kidney disease, n (%) 5(6.3%)
Membranoproliferative glomerulonephritis, n (%) 5(6.3%)
Rapidly progressive glomerulonephritis, n (%) 2 (2.5%)
Others, n (%) 18 (30.0%)
History of liver transplantation, n (%) 5(6.3%)
Follow-up duration in months, median (range) 101 (17-487)

Results

Anti-HLA antibody was detected in 14 patients (17.5%),
comprising DSA in eight patients (10.0%) (Fig. 1). Func-
tional graft loss occurred in two (25%) of the eight
patients who were positive for DSA, none of the six
patients who were positive for non-DSA anti-HLA anti-
body, and none of the 66 patients who were negative for
anti-HLA antibody (P=0.0419, log-rank test, Fig. 2).
The mean estimated glomerular filtration rate at the
time of the anti-HLA antibody test was 45.1 +14.4 mL/
min/1.73m? in the 66 patients with no anti-HLA anti-
body, while it was 35.0+11.5 mL/min/1.73m? in the
eight patients with de novo DSA (P=0.0702) and
39.3415.3 mL/min/1.73m? in the six patients with non-
DSA anti-HLA antibody (P=0.3921). The mean monthly
cyclosporin A trough concentration for the past year
from the anti-HLA antibody test was 59.2+24.8 ng/
ml in the seven patients with no anti-HLA antibody,
while it was 61.94+12.5 ng/ml in the five patients with
de novo DSA (P=0.5670) and 36.3+£9.0 ng/ml in a
patient with non-DSA anti-HLA antibody (P=0.3921)
(Fig. 3). The mean monthly tacrolimus trough concen-
tration for the past year from the anti-HLA antibody
test was 4.624+1.20 ng/ml in the 55 patients with no
anti-HLA antibody, while it was 4.09+1.10 ng/ml in
the three patients with de novo DSA (P=0.0027) and



Nakamura et al. Renal Replacement Therapy (2022) 8:10

Page 3 of 8

Positive
n=14

de novo DSA
n=_§

n=6

Kidney transplantation

n=110

Anti-HLA antibody screening
n =80

non-DSA

Fig. 1 Anti-HLA antibody screening results. HLA: human leukocyte antigen; DSA: donor-specific antigen
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4.2141.14 ng/ml in the four patients with non-DSA anti-
HLA antibody (P=0.0722) (Fig. 4).

Table 2 summarizes the characteristics of the eight
patients who were positive for de novo DSA. All eight
patients received an ABO-compatible renal transplant.
Delayed graft function occurred in two patients. De novo
DSA was detected at a median of 141.5 months (range
18-275 months) after transplantation. In all cases, the de

novo DSA was HLA class II (DQ only in three patients,
DR only in three, and DQ+DR in two). Six patients
(75%) had a mean fluorescence intensity (MFI) of 10,000
or more. The transplanted renal function was lost in
two patients (25%). Four patients (50%) did not show
any signs of rejection, while the remaining four were
screened for anti-HLA antibody due to elevated serum
creatinine levels. Renal biopsy was performed in all eight
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Fig. 3 A Cyclosporin A troughs over the immediate past year prior to DSA detection. B Comparison of cyclosporin A troughs over the immediate
past year prior to DSA detection. CyA: cyclosporin A; DSA: donor-specific antigen

patients, and five (62.5%) were pathologically diagnosed
with ABMR (subclinical ABMR in two patients, and
clinical ABMR in three). Table 3 shows the pathologi-
cal findings (Banff classification). Immunosuppression
was enhanced using steroid pulse therapy, plasmapher-
esis, rituximab, intravenous immunoglobulin, and dose
increase in maintenance immunosuppressants.

Two patients with loss of transplanted renal function
are described below.

Case 3 was a 27-year-old man (body weight 80 kg) with
chronic glomerulonephritis who received a living-donor
renal transplant from her mother (Fig. 5). The main-
tenance immunosuppressant therapy was a combina-
tion of cyclosporin A (1.5 mg/kg), prednisolone (5 mg/
body), and azathioprine (0.9 mg/kg). Twenty years after
the renal transplantation, his serum creatinine was stable
at 1.5-1.6 mg/dl. A graft kidney biopsy was performed
because DSA was detected on blood sampling. Patho-
logical findings indicated ABMR. The azathioprine was
changed to mycophenolate mofetil (MMF) (2000 mg/
body), and his MFI was halved 1 year later, but his serum
creatinine increased after that. His serum creatinine level
decreased temporarily with steroid pulse therapy (meth-
ylprednisolone 500 mg/body for 3 days). At that time,
the patient did not want additional treatment. However,
his serum creatinine increased again 4 months later, and
hemodialysis was reintroduced at 23 years after the kid-
ney transplantation.

Case 4 was a 49-year-old woman (body weight 40 kg)
with an unknown primary disease who received a living-
donor renal transplantation from her husband (Fig. 6).
Maintenance immunotherapy was a combination of
cyclosporin A (2 mg/kg), prednisolone (5 mg/body), and
MMEF (1000 mg/body). Her serum creatinine was stable
at about 1.0 mg/dl for 11 years after renal transplantation,
but then gradually increased. The MMF was changed to

mizoribine (2.5 mg/kg) when she developed herpes zos-
ter. After that, she had an elevated serum creatinine level
and proteinuria of 3 g/day. DSA was detected and renal
biopsy revealed ABMR. The patient did not respond to
any immunosuppression enhancement including ster-
oid pulse therapy (methylprednisolone 250 mg/body on
the first day, 100 mg/body on the second day, 100 mg/
body on the third day), two sessions of plasmapheresis,
rituximab administration (250 mg/body), intravenous
immunoglobulin (2 g/kg), and everolimus (1.5 g/body)
administration. Hemodialysis was restarted at 13 years
after the renal transplant.

Discussion

The pathophysiology of ABMR is that the produced DSA
attacks the vascular endothelium of the transplanted kid-
ney, resulting in tissue damage [7]. ABMR is still one of
the main causes of renal transplant loss, but it is often
difficult to treat at the time of diagnosis because it devel-
ops subclinically and tissue damage progresses.

DSA is broadly divided into preformed DSA that exists
in serum before transplantation and de novo DSA that is
newly produced after transplantation [8, 9]. Preformed
DSA is caused by pregnancy, past blood transfusions,
and organ transplants. Patients with preformed DSA are
at high risk of acute ABMR; even if desensitization ther-
apy is performed before transplantation, the incidence of
ABMR is 1-10% [10]. Patients with de novo DSA develop
ABMR later than patients with preformed DSA [8, 9] and
have a reduced long-term survival rate [11].

The reported incidence of de novo DSA varies, but
is about 2-10% at 1 year after renal transplantation,
increases by 2% per year and reaches about 10-40% at
4-5 years after transplantation [11-15]. The average time
of de novo DSA appearance is reportedly 3.8—68 months
after transplantation [12, 15, 16]. In the present study, de
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novo DSA was detected at a median time of 141.5 months
after transplantation (range 18-275 months), which is
longer than previously reported, but we consider that
DSA was probably present before it was detected. In addi-
tion, the de novo DSA is reportedly predominantly class
IT antibody [11, 12, 16], which is a risk factor for ABMR
[11, 17]. Similarly in the present study, the de novo DSA
comprised class II antibodies in all eight patients.

It has been reported that the occurrence of de novo
DSA is more common when the blood concentration of
tacrolimus fluctuates greatly [18] and when the trough
value of tacrolimus is 8 ng/ml or less [19]; thus, such
patients should be monitored for the appearance of DSA.
This may lead to the early detection of patients at risk of
rejection due to inadequate immunosuppression. In addi-
tion, monitoring for DSA may improve the prognosis
of the transplanted kidney through early diagnosis and
treatment at the subclinical ABMR stage before the clini-
cal appearance of renal damage [5, 20, 21]. In the present
study, subclinical ABMR was diagnosed in case 3, but as
20 years had passed since the renal transplantation and
the MFI had a markedly high value of 21,566, it is consid-
ered that DSA was present earlier. In addition, although
cyclosporine A was used for CNI in many cases in the
past, tacrolimus was used in many cases in recent years,
and de novo DSA was frequently observed in patients
using cyclosporine A. The target trough for cyclosporine
A was less than 100 ng/ml, and the target trough for tac-
rolimus was 4—6 ng/ml, but the tacrolimus trough con-
centration was significantly lower in patients with de
novo DSA than in patients with no anti-HLA antibody.
(4.09+1.10 ng/ml vs. 4.62+1.20 P=0.0027) (Fig. 4).

Therefore, more stringent control of blood levels may be
necessary to reduce the occurrence of de novo DSA.

Although there is no established treatment for ABMR,
the treatment options include steroid pulse therapy, rab-
bit antithymocyte globulin administration, antibody
removal using plasma exchange, rituximab administra-
tion, immunoglobulin therapy, bortezomib administra-
tion, and eculizumab administration [22]. Steroid pulse
therapy alone has a low therapeutic effect for ABMR and
should be used in combination with other drugs [23].
Plasma exchange and combined therapy comprising
plasma exchange and immunoglobulin administration
are reportedly effective treatments for ABMR [22, 24].
ABMR with de novo DNA is considered more resistant
to treatment than ABMR with preformed DSA [25]. Our
treatment strategy for ABMR is steroid pulses followed
by plasmapheresis, rituximab, intravenous immunoglob-
ulin, and intensified maintenance immunotherapy. In the
present study, two of the eight patients with ABMR did
not respond to treatment and eventually lost the trans-
planted renal function.

The present study had several limitations. This was
a retrospective study with a small sample size, the tim-
ing of renal transplantation varied, and patients who
had already lost transplanted renal function were not
included. In addition, the follow-up period after anti-
HLA antibody screening was short. It is necessary to
accumulate more cases and continue with long-term
follow-up to determine whether early intervention
for ABMR improves the prognosis of the transplanted
kidney.



Page 6 of 8

10

(2022) 8

Nakamura et al. Renal Replacement Therapy

‘abueyoxa ewse|d :34 ‘usabiyue dydads-1ouop :ysg ‘uondafal pajelpaw-Apogiiue dIuoIyd :YNgyD

ulingo|b a1A>0wAyiiiue Jqgel ;o ]y ‘upAwedel Jo 1961 UBl[RWIWERW (YO LW ‘GewIXNil 1Y ‘Uljngojbounwiwi SNOUSARIIUL :D|A|

3j0w 3jejouaydodfw 4NN Duiidolyieze iyzy ‘Uoid3(a1 PaleIPaW-||33- :HIADL OHGIYUI ULINBUID|eD (N ‘Uonda(a1

palelpaw-ApogiIue J1UoIYd :YNGYD ‘Dululleald 1) (A1ISusiul 9dUIDSIIoN|) UBSW i 4 ‘USblue 914203 N3] uewNy 1y TH Auawieas) x| ‘usbiue dyidads-iouop :ysq aseasip Aaupiy 211sAd4jod jueuiwop |ewosoiny :ayday

syuow
uonauny eib yim snlly OIAI'3d ‘as|nd ploials 'Oy abueyd aulpsapiog 1D wnias Sleyl /0a 8L INOYIM a|quedwod Agredoiydau | EE Y7 8
HINGYD Jeunuiioid syuow
uonduNy Yeib yum anily 1Y ‘DIAI3d ‘3sInd plosals +v6 1D wnisg 95051 1540 s noyum - 2jgnedwod Ayredosydau yb) Bl a4 /
syuow
uonouny 1yeib Lam aAlly - Jejnoned Buiypou |0201014 gzee €540 98 NOYIM a|qnedwo) sIsoplodJes N 29 9
uoRUNy Yeld Yam Iy DIAI'Id ‘@s|Nd pIoIRIS  HINGY S0} UOBIUYSP 10N [0303014 WL /00 SUIUOW Ly noyum - e|guedwod ldav  ofewad S S
0€SLe 60d
€081¢ ¥0d
50| Jelf Yum Ay YOLUW Ny ‘DIA| ‘3d 2s|nd ploias YNGY2 $1D wniss 05877 £54a SYauoW 7| YU 3|qnedwod 35B3SIP UMOUUN Slewsa4 19 ¥
$50| Yelb yum anlly as|nd plo1a1s NN <72V YNGYD |od01014 90617 €54 syuow |5z INOYAUM a|gqnedwod siuydauojniawolb d1uoiyD ETEN 8 €
IND
uonouny 1yeib ym aally YOLW Uy ‘OIAl ‘Id ‘@s|nd ploiais +yNgyo 41D winias 99807 900 SUIUOW 767 INOYIM a|qnedwod snuydauojniawiolf duolyd EEN 194 4
95061 90d
uonduNy yeib yum aniy JNW<VZY HAgYD |030101d 9zzLL €180 slpuow /7 UM ejguedwod Ayredoiydau v6)| e 144 i
(xL—3sod)
uonda3lap
awonno juswieas] Asdoig 6ujua3.s Y H 10} Uosesy 14N VIH VS joawip uonouny jeib pakejsg ogav aseasip Arewnd PETS aby ou ase)

s1uaididal 2ANISod-ySd JO SISUS1RIRYD [eDIUlD T dlqeL



Nakamura et al. Renal Replacement Therapy (2022) 8:10 Page 7 of 8

Table 3 Banff classification of DSA-positive recipients

Case no i t v g ptc g mm v ci ct ti i—IFTA ah aah C4d Diagnosis

1 0 0 0 0 1 3 0 0 2 2 1 1 0 0 1 cABMR

2 1 0 0 0 2 1b 0 1 2 1 1 1 2 3 0 CABMR+CNI

3 2 1 0 1 0 1b 1 1 2 1 1 1 1 0 1 CcABMR

4 1 0 0 0 3 2 1 2 2 2 1 0 2 0 1 CABMR

5 0 0 0 0 0 0 0 1 1 1 0 0 1 0 0 Not definition for CABMR
6 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 Nothing particular

7 1 0 0 2 2 b 1 1 0 1 0 0 1 0 1 IgA+cABMR

8 3 1 0 0 2 0 0 0 1 1 3 3 0 0 1 Boderline change

Biopsy:
6 t[ansplantation cABMR

Steroid
Steroid pulse

5 Biopsy:
cABMR

4 DSA:

DR53 = 21566
2 V\/Vw

0 years
X X+20 X+21 X+22 X+23

Fig. 5 Clinical course and change in serum creatinine level in case #3. Case 3 is a 27-year-old man with chronic glomerulonephritis who received an
ABO-compatible transplant with her mother as the donor. CyA: cyclosporin A; PSL: prednisolone; AZA: azathioprine; MMF: mycophenolate mofetil;
cABMR: chronic antibody-mediated rejection; DSA: donor-specific antigen; HD: hemodialysis

Creatinine

. transplantation Biopsy: DSA: DSA:
¢ABMR DR53 =21402 | DR53=21597
e DQ4=19215 | DQ4 = 16844
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S}
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Fig. 6 Clinical course and change in serum creatinine level in case #4. Case 4 is a 49-year-old woman with an unknown primary disease who
received an ABO-compatible transplant with her husband as the donor. CyA: cyclosporin A; PSL: prednisolone; MMF: mycophenolate mofetil;
cABMR: chronic antibody-mediated rejection; DSA: donor-specific antigen; PE: plasma exchange; IVIG: intravenous immunoglobulin; HD:
hemodialysis
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Conclusions

In the present study, the incidence of anti-HLA anti-
body development was 17.5%, including the develop-
ment of DSA in 10.0%. Two (25%) of the eight patients
with de novo DSA eventually had graft loss. Most immu-
nosuppressive enhancement therapies were not effec-
tive in decreasing the DSA levels. As there is no effective
treatment established for the reduction of DSA, careful
immunosuppressive management is essential to prevent
the development of de novo DSA.

Abbreviations
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mediated rejection; MMF: Mycophenolate mofetil.
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