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Abstract

Donor specific antibodies (DSAs) are known as the leading cause of antibody mediated rejection
(AMR), graft loss in kidney transplant (KT) recipients. DSAs characteristics, as immunoglobulin (Ig)
classes, subclasses, and strength, are important to assess the immunological risk, early prediction of
AMR, and therefor proper management. This longitudinal, case control study included 32 KT
recipients at Assiut University Urology Hospital and 10 age and sex matched normal subjects as the
control group. Total IgG, its subclasses and anti-human leukocyte antigen (anti-HLA) panel reactive
antibody (PRA) were detected pre-transplantation (pre-TX), at 6-12- and 24-36-months post-TX.
Rejection occurred in 4 recipients, 3 of them had high total 1gG, 1gG1 and/or 1gG3. 1gG2 and IgG4
were normal in all recipients. There were preformed anti-DSAs antibodies in 3/32 recipients (9.4%).
Of these, two recipients became negative with no rejection occurred. The third recipient had high
post-TX mean fluorescence intensity (MFI) and AMR occurred. The pre-TX PRA was negative in 29/32
recipients (90.6%). The PRA was negative in 8/29 recipients (27.6%) and the remaining 21/29
recipients (72.4%) developed de novo DSAs post-TX (MFI <3000->10000). Rejection occurred with
both low and high MFI. In 11 recipients, anti-HLA class | and Il were not different between pre-TX, 3-
6- and 24-36 months post-TX with no rejection occurred. The frequency and median levels of total
IgG, 1gG1 and IgG3 were increased in all recipients 24-36 months post-TX when compared with their
levels pre-TX and 6-12 months post-TX in the 11 recipients and with the control group. The graft
survival time significantly decreased in recipients with positive post-TX class | PRA. In conclusion,
preformed DSAs may persist post-TX or turn negative. De novo DSAs developed post-TX even in non-
sensitized recipients. Serum total IgG, IgG1 and IgG3 frequency increase 2-3 years post-TX.
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Introduction

Epidemiological data from the past decade
suggest that the global burden of patients with
renal failure who receive renal replacement
therapy exceeds 1.4 million and that figure is
growing by about 8% a year.? In Egypt,
Mansoura University, Cairo University among
other universities, military, general and private
hospitals (39 centers) entered the field of
kidney transplantation (KT). By the end of 2018,
the overall experience of KT reached 19,079
cases, and during 2019, 1,338 KT were
performed. The 10-year patient and graft
survival rates of the Mansoura experience were
77.8% and 65.5% respectively.?

KT is the gold standard treatment for many
patients with end stage renal disease (ESRD)
and it is associated with prolonged survival,
improved quality of life, reduced morbidity, and
lower health care costs compared with dialysis.
In addition to the medical and surgical
challenges in KT, the major biological barrier is
immunological, and this barrier may lead to
graft rejection and loss.'*

Antibody mediated rejection is defined as
allograft rejection caused by recipient’s
antibodies directed against donor human
leukocyte antigen (HLA) molecules (Class | and
class 1l), called donor specific antibodies (DSAs)
and blood group antigens.> Pre-existing
antibodies or the development of de novo
antibodies post-transplantation (post-TX) has
become a biomarker for antibody mediated
rejection (AMR) graft loss.> HLA antibodies are
risk factors for hyperacute, acute, and chronic
allograft rejections.” However, there are also
“benign” DSAs that may not be clinically
relevant, because they are not associated with
antibody mediated rejection or graft failure.®
Recently, studies demonstrated that AMR is not

usually associated with long term graft
failure.>°
The destructive power of DSAs vary

depending on the level of immunoglobulin
classes, subclasses, complement binding
capacity, strength, target antigen, and the type
of organ transplanted.® In kidney transplant,
DSAs interact with the endothelial cells of the
kidneys, mainly with HLA antigens, resulting in

activation of endothelial cells, activation of
classical pathway of the complement,
recruitment of inflammatory cells into
glomerular and peri-tubular capillaries of the
graft leading to graft dysfunction and AMR.
DSAs pathogenicity modulated according to I1gG
subclasses.!! The most abundant subclass in
serum is 1gG1 and considered the mirror of total
IgG level. 1gG1 and 1gG3 are the most efficient
classical complement cascade activators, but
IgG3 is more efficient. Although 1gG2 may bind
and activate complement weakly (in high
antibody titer or high antigen density), the 1gG4
cannot at all, but both bind Fc receptor and
recruit the effector cells. The biomarker of
advanced stage of rejection is 1gG4 because it is
the most terminal subclass produced due to
chronic  antigen  stimulation.’**®  Several
researchers investigated the DSA IgG subclasses
profile and if they predict graft dysfunction,
AMR, and graft loss or not. Some of them
reported that presence of 1gG3 is associated
with poor graft outcome.'*®® |n the past
decades, the short-term graft survival in KT
recipients was improved, with no noticeable
improvement in long-term graft survival.®’

The present work aimed to analyze the
distribution of anti-HLA class | and class Il PRA,
IgG, and its subclasses in the pre and post KT
period and their association with acute AMR
and graft survival. Also, to determine the
potential benefit of implementing IgG
subclasses assessment to the current transplant
medicine practice.

Subjects and Methods
Study setting and design

This longitudinal, case control study included 32
patients who underwent KT after they were
diagnosed as they had ESRD at Assiut University
Urology Hospital during the period from
September 2018 to September 2021. In
addition, 10 age and sex matched apparently
healthy subjects were included in the study as a
control group.

The study protocol was ethically reviewed
and approved by the Institutional Review Board
of the Faculty of Medicine, Assiut University,
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Assiut, Egypt (approval dated: November 2016).
The importance of the study was explained to
all participants and informed consents were
taken from them before enrollment in this
study.

Selection criteria

Any patient with age between 18 and 70 years
who received renal transplant secondary to
ESRD, with a duration of more than 6 months’
post-transplant, was recruited in the study.
Exclusion criteria included patients with
extreme age (<18 or >70 years), duration of <6
months’ post-transplant or patient’s refusal.

Participants

A total of 32 patients with KT were enrolled in
the study. All transplants required a negative
flowcytometric crossmatch for IgG T cell and B
cell, and ABO blood group compatibility. Serum
samples were collected from the 32 recipients
within 24-36 months post-TX. Out of the 32
study recipients, serum samples could be
collected from 11 patients pre-TX, within 6-12
months and 24-36 months post-TX to evaluate
the effect of timing on studied tests.

In this study, recipients received induction
immunosuppressive therapy. These included
Basiliximab (20 milligrams were given at day
zero and day+4 post-TX), Methylprednisoline
(250 milligrams given at day -1 pre-TX, 250 mg
intra-operative and another 250 mg at day zero
then tapered gradually till 5 milligrams daily
within  1-2  months. Other maintenance
immunosuppressive included Mycophenolate
mofetil (was given up to 2 gram/day) and
Tacrolimus (given 1 milligram/kilogram/day)
and adjusted according to its trough level.

Blood samples:

Venous blood samples (10 ml) were collected
from each study participant into plain tube, left
to clot for 30 min at 37°C and centrifuged at
approximately 1000 xg, for ten minutes. Sera
were separated, divided into aliquots and kept
frozen in - 20°C until use.

Methodology

1. Pretransplant anti-HLA class | (loci; A, B and
C) and Il (loci; DR, DP and DQ) PRA were

collected from recipient’s medical records.
These antibodies were detected in patients’
sera using a commercial solid phase
immunoassay test kit (Lot No. 018, LABScreen™
PRA Class I, and LABScreen™ PRA Class II,)
supplied by ONELAMBDA, using an automated
multiplex immunoassay system which detects
fluorescent emission from fluorescent dye-
conjugates (LABScan3D, Luminex® FLEXMAP
3D®, ONELAMBDA, USA), according to the
manufacturer’s instructions.

2. Detection of total IgG, IgG1, 1gG2, 1gG3 and
IgG4 in pretransplant serum samples of the
eleven recipients. These antibodies were
determined using commercial kits: N Antiserum
to human IgG (Lot No. 153076M, NAS/IgG), N AS
IgG1 (Lot No. 090197, NAS/IgG1), N AS IgG2 (Lot
No. 090208E, N AS/1gG2), N Latex IgG3 (Lot No
086199, N 1gG3), and N Latex IgG4 (Lot No.
086002, N 1gG4), supplied by Siemens
Healthineers, using a fully automated
immunonephelometric analyzer (BN ProSpec ®
System, Siemens Healthineers, Germany),
according to the manufacturer’s instructions.

3. Posttransplant investigations for recipients
and the control group:

a. Urea and creatinine tests were performed
using an automatic chemistry analyzer (ADVIA
1800 chemistry Auto-Analyzers, Siemens
Healthineers, Germany).

b. Detection of IgG antibodies to HLA class | and
class Il PRA in patients’ serum samples using the
LABScreen™, as mentioned above.

c. Detection of total serum IgG, IgG1, IgG2, IgG3
and IgG4, as mentioned above.

Statistical analysis

Data analysis was performed using statistical
package for the social science (IBM-SPSS)
version 26.0 software. Categorical data were
presented in form of frequencies and
percentages. All numerical variables were
tested before evaluation to determine the
normality of data by Shapiro-Wilk test and
median (range) was used to express data. After
testing data normality, non-parametric tests
were performed. Mann Whitney U test was
used to compare difference between two
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groups of dependent continuous variables,
Friedman test was used to compare median IgG
and its subclasses over time (pre-TX, 6-12- and
24-36 months post-TX). Chi square and Fisher
Exact tests were used to compare proportion
between two  groups. Related-Samples
Cochran's Q Test was used to compare
proportions over time: pre-TX, 6-12- and 24-36
months post-TX. Survival analysis. Log rank test
was used, and graft survival time was calculated
using Kaplan—Meier curve. The level of
significance was considered at p value < 0.05.

Results

Demographic data of the recipients and control
groups

There was no difference between the mean age,
sex, and blood urea nitrogen levels of the
recipients and control groups (Table 1).
However, serum creatinine was significantly
higher in recipients (median level of 97.5
umol/L, mean+SD 135.5+106.89 umol/L) when
compared with the control group (p <0.001).

Table 1. Demographic features of KT recipients and the control group.

Variable KT recipients (n=32) Control group (n=10) p-value*
Age (years)
Mean £ SD. 29.72+8.22 38+16.53
Median 28.0 38.5 NS
range 20.0-58.0 15.0-70.0
Gender
Male 29 (90.6%) 9 (90.0%) NS
Female 3(9.4%) 1(10.0%)
Urea (mmol/L)
Mean £ SD 7.0143.17 5.62+1.74
Median 6.70 5.25 NS
range (2.2-16.9 2.9-8.2
Creatinine (umol/L)
Mean + SD 135.50+106.89 72.90+13.94
Median 97.50 71.00 0.001
range (37.0-613.0) (44.2-96.0)

Data expressed as median (range) or frequency (%), mean (SD). P > 0.05 is not significant (NS). KT: kidney transplant.

Class | and class Il PRA mean fluorescence
intensity (MFI) in recipients (24-36 months post-
TX) and control group

The study groups were classified into MFI< 3000
and >3000. Positive class | alone with MFI> 3000
was detected in 1 recipient, positive class Il
alone with MFI> 3000 was detected in 4

recipients and positive both class | & Il with
MFI> 3000 was detected in 1 recipient. No
difference was detected between recipients and
the control group regarding class | (loci; A, B and
C) and Class Il (loci; DR, DP and DQ) PRA MFI
(Tables 2 and 3).
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Table 2. Class | PRA MFl in recipients (24-36 months post-TX) and the control group.

Class | A.
MFI <3000
Negative 19 (59.4%) 7 (70.0%%) NS
Positive 13 (40.6%) 3 (30.0%)
MFI >3000
Negative 30 (93.8%) 10 (100.0%) NS
Positive 2 (6.3%) 0 (0.0%)
Class | B
MFI <3000
Negative 21 (65.6%) 6 (60.0%) NS
Positive 11 (34.4%) 4 (40.0%)
MFI >3000
Negative 31 (96.9%) 10 (100.0%) NS
Positive 1(3.1%) 0 (0.0%)
Class | C
MFI <3000
Negative 30 (93.8%) 10 (100.0%) NS
Positive 2 (6.3%) 0 (0.0%)
MFI >3000
Negative 32 (100.0%) 10 (100.0%)
Positive 0 (0.0%) 0 (0.0%)
Class | PRA
MFI >3000
Negative 30 (93.8%) 10 (100.0%) NS
Positive 2 (6.2%) 0 (0.0%)

Data expressed as frequency (%).P > 0.05 is not significant (NS).

* Fisher Exact test was used to compare proportion between recipients and the control group. TX: Transplantation

Table 3. Class Il PRA MFl in recipients (24-36 months post-TX) and the control group.

Class I DR
MFI <3000
Negative
Positive
MFI >3000
Negative
Positive

26 (81.3%)
6 (18.8%)

26 (81.3%)
6 (18.8%)

10 (100.0%)

0(0.0%)

10 (100.0%)

0 (0.0%)

NS

NS
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Table 3. Continued.

Class Il DP
MFI <3000
Negative 30 (93.8%) 10 (100.0%) N
Positive 2 (6.3%) 0 (0.0%)
MFI >3000
Negative 31 (96.9%) 10 (100.0%) NS
Positive 1(3.1%) 0 (0.0%)
Class Il DQ
MFI <3000
Negative 24 (75.0%) 10 (100.0%) "
Positive 8 (25.0%) 0 (0.0%)
MFI >3000
Negative 26 (81.3%) 10 (100.0%) "
Positive 6 (18.8%) 0 (0.0%)
Class Il PRA
MFI >3000
Negative 26 (81.2%) 10 (100.0%) NS
Positive 6 (18.8%) 0 (0.0%)

Data expressed as frequency (%). p > 0.05 is not significant (NS). * Fisher Exact test was used to compare proportion
between recipients and control group.

Class | and class 1l PRA MFI in the 11 recipients
at different periods (pre-TX, 6-12 months, and
24-36 months post-TX)

There was no difference in class | and class Il
PRA MFI between the different periods (Tables
4 and 5).

Table 4. Class | PRA MFI in the 11 recipients at different periods (pre-TX, after 6-12 months and 24-36
months post-TX).

Class | A
MFI <3000
Negative 11 (100.0%) 8 (72.7%) 6 (54.5%) NS
Positive 0 (0.0%) 3(17.3%) 5 (45.5%)
MFI >3000
Negative 11 (100.0%) 11 (100.0%) 10 (90.9%) NS

Positive 0 (0.0%) 0 (0.0%) 1(9.1%)
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Table 4. Continued.

Class | B
MFI <3000
Negative 11 (100.0%) 8 (72.7%) 9 (81.8%) N
Positive 0 (0.0%) 3(17.3%) 2 (18.2%)
MFI >3000
Negative 11 (100.0%) 11 (100.0%) 11 (100.0%)
Positive 0 (0.0%) 0 (0.0%) 0 (0.0%)
Class | C
MFI <3000
Negative 11 (100.0%) 10 (90.9%) 11 (100.0%) "
Positive 0 (0.0%) 1(9.1%) 0 (0.0%)
MFI >3000
Negative 11 (100.0%) 11 (100.0%) 11 (100.0%)
Positive 0 (0.0%) 0 (0.0%) 0 (0.0%)
Class | PRA
MFI > 3000
Negative 11 (100.0%) 11 (100.0%) 10 (90.9%) "
Positive 0 (0.0%) 0 (0.0%) 1(9.1%)

Data expressed as frequency (%). P > 0.05 is not significant (NS). * Related-Samples Cochran's Q Test compare proportions

over time.

Table 5. Class Il PRA MFI in the 11 recipients at different periods (pre-TX, after 6-12 months and 24-

36 months post-TX).

Class Il DR
MFI <3000
Negative 9 (81.8%) 10 (90.9%) 10 (90.9%) "
Positive 2 (18.2%) 1(9.1%) 1(9.1%)
MFI >3000
Negative 11 (100.0%) 11 (100.0%) 10 (90.9%%) "
Positive 0 (0.0%) 0 (0.0%) 1(9.1%)
Class Il DP
MFI <3000
Negative 11 (100.0%) 11 (100.0%) 11 (100.0%)
Positive 0 (0.0%) 0 (0.0%) 0(0.0%
MFI >3000
Negative 11 (100.0%) 11 (100.0%) 11 (100.0%)
Positive 0 (0.0%) 0 (0.0%) 0(0.0%
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Table 5. Continued.

: - Recipients Recipients
Variables Recipients pre-TX (6-12 months post-TX) (24-36 mo:ths Post-TX) p-value*
Class 11 DQ
MFI <3000
Negative 10 (90.9%) 10 (90.9%) 9 (81.8%) NS
Positive 1(9.1%) 1(9.1%) 2 (18.2%)
MFI >3000
Negative 11 (100.0%) 11 (100.0%) 10 (90.9%) NS
Positive 0 (0.0%) 0 (0.0%) 1(9.1%)
Class Il PRA
MFI > 3000
Negative 11 (100.0%) 11 (100.0%) 10 (90.9%) NS
Positive 0 (0.0%) 0 (0.0%) 1(9.1%)

Data expressed as frequency (%).P > 0.05 is not significant (NS). * Related-Samples Cochran's Q Test compare proportions

over time.

Comparison of total IgG and its subclasses in
recipients at 24-36 months post-TX and in the
control group

The frequency and median level of total IgG
showed no difference between recipients and
the control group (Table 6). There was a
statistically significant increase in the frequency
and median levels of IgG1 in recipients when
compared with the control group (p<0.001). The
frequency of 1gG3 was significantly increased in
recipients when compared with the control

group. However, there was no difference in the
IgG3 median level between the recipients and
the control group. Levels of both IgG1 and 1gG3
were high in 21/32 recipients (65.6%), but
within normal level in 2/32 recipients (6.3%).
The level of IgG1 was high in 8/32 recipients
(25%), and 1gG3 high in 1/32 recipient (3.1%).
Levels of both 1gG2 and IgG4 were normal in all
recipients with no difference between
recipients and the control group (Table 6).

Table 6. Total IgG and its subclasses in recipients (24-36 months post-TX) and the control group.

Recipients
Variables (24-36 months post-TX) Control group (n=10) p-value*
(n=32)
Total IgG (g/L)
High 18 (56.2%) 5 (50.0%) NS
Normal 14 (43.8%) 5 (50.0%)
Median total IgG level (range) 16.60 (6.790-27.100) 14.55 (9.65-20.50) NS
1gG1 (g/L)
High 29 (90.6%) 1 (10.0%)
<0.001
Normal 3(9.4%) 9 (90.0%)
Median IgG1 level (range) 13.60 (8.42-23.50) 7.55 (5.50-11.00) <0.001
1gG2 (g/L)
High e
Normal 32 (100.0%) 10 (100.0%)
Median 1gG2 level (range) 4.40 (1.27-6.68) 3.97 (3.76-6.28) NS
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Table 6. Continued.

1gG3 (g/L)
High 22 (68.8%) 3 (30.0%) 0.041
Normal 10 (31.2%) 7 (70.0%)
Median IgG3 level (range) 1.01 (0.50-2.55) 0.75 (0.28-6.46) NS
18G4 (g/L)
High 0 (0.0%) 1(10.0%) NS
Normal 32 (100.0%) 9 (90.0%)
Median IgG4 level (range) 0.58 (0.04-1.57) 0.64 (0.20 -3.14) NS

Data expressed as median (range) or frequency (%).P > 0.05 is not significant (NS).

* Mann-Whitney U test was used to compare the median between recipients and control group, Fisher Exact test was used
to compare proportion between recipients and the control group.

Total IgG and its subclasses in the 11 recipients
at different periods (pre-TX, 6-12 months, and
24-36 months post-TX)

Table 7 shows the total IgG and its subclasses in
the 11 recipients at the different study periods.
Because of heterogenous IgG subclass response,
variable settings of previous studies that
detected IgG subclasses (pre-TX and post-TX at
different periods) using different assay protocol,

it is hard to get firm conclusion about the IgG
subclasses pattern and their effect on graft
outcome. We found that the frequency and
median level of total IgG, I1gGl and IgG3
increased in recipients at 24-36 months post-TX
when compared with pre-TX and 6-12 months
post-TX. 1gG2 and IgG4 were normal in all 11
recipients (100%) at the 3 periods with normal
median level (Table 7).

Table 7. Total IgG and its subclasses in the 11 KT recipients at different periods (pre-TX, after 6-12
months and 24-36 months post-TX).

Total IgG (RR 7-16 g/L)

High 2 (18.2%) 0 (0.0%) 6 (54.5%)
N | 9 (81.8%) 100 5 (45.5%) 0.009 NS 0.003 0.046
orma .0/ (100'0%) .2/
Median level 11.10 7.99 (i;g 0.001 NS <0.001 NS
(range) (6.34-20.70) (4.63-9.38) 27.10)
IgG1 (RR 4.1-10.1 g/L)
High 0 (0.0%) 0 (0.0%) 11 (100.0%)
<0.001 NS <0.001 <0.001
Normal 11 (100.0%) 11 (100.0%) 0 (0.0%)
Median level 4.15 4.18 igii <0.001 NS 0.001  0.002
(range) (0.95-7.90)  (2.77-6.09) (10.40- ' ' '

23.30)
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Table 7. Continued.

Recipients Recipients
. Recipients (6-12 (24-36 p- p- p- p-
\ENEL S pre-TX months months value* valuel value2 value3
post-TX) Post-TX)
IgG2 (RR 1.7- 7.9 g/L)
High 0 (0.0%) 0 (0.0%) 0 (0.0%)
Normal 11(100.0%)  11(100.0%) 11 (100.0%)
Median level 1.22 1.85 5.36
<0.001 NS 0.003 0.001
(range) (0.34-3.84)  (1.27-2.57)  (3.44-6.68)
IgG3 (RR 0.11- 0.83 g/L)
High 1(9.1%) 0 (0.0%) 9 (81.8%)
<0.001 NS 0.001 0.003
Normal 10 (90.9%) 11 (100.0%) 2 (18.2%)
Median level 0.66 0.43 1.11
<0.001 NS 0.001 0.041
(range) (0.31-0.88)  (0.19-0.64)  (0.50-1.77)
IgG4 (RR 0.03- 2.0 g/L)
High 0 (0.0%) 0 (0.0%) 0 (0.0%)
Normal 11 (100.0%) 11 (100.0%) 11 (100.0%)
Median level 0.55 0.30 0.67
<0.001 0.032 <0.001 NS
(range) (0.09-1.12) (0.01-0.56) (0.13-1.06)

Data expressed as median (range). P > 0.05 is not significant (NS). *Friedman test (compare median total I1gG and its
subclasses over time: pre-TX, 6-12 months, and 24-36 months post-TX). Pairwise comparison: p-value 1: pre-TX Vs 6-12 m,
p-value 2: 6-12 m Vs 24-36 m post-TX and p-value 3: pre-TX Vs 24-36 m post-TX. * Related-Samples Cochran's Q Test
compare proportions over time: pre-TX, 6-12 months, and 24-36 months post-TX)

Association between rejection occurrence, post-
TX IgG subclasses and PRA

The median duration between TX date and the
sampling date was 32 months ranged from 24-
36 months. Rejection occurred in 4/32
recipients (12.5%), with median duration of 32
month (25 -36 months). Of the four patients
with kidney rejection, one recipient had normal
total 1gG and its subclasses with negative class |
and Il PRA. His biopsy report revealed acute T
cell mediated rejection with chronic changes.
The second recipient had high total IgG, 1gG1
and 1gG3 with class 1 and Il PRA MFI <3000. His
biopsy report revealed subacute AMR. The third
recipient had high total IgG, 1gG1 and IgG3 with
positive class Il PRA only, MFI > 10000. His

biopsy report revealed acute active AMR and
acute T cell mediated rejection. The fourth
recipient had high total IgG and IgGl with
positive both class | and Il PRA, MFI > 10000. His
biopsy report revealed acute active AMR and
acute T cell mediated rejection.

Graft survival in KT recipients

Recipients with post-TX positive class | PRA
showed statistically lower mean survival time
than recipients with negative class | PRA
(p=0.025). However, the gender of the
recipients or recipients with high total IgG, IgG1,
IgG3 levels and positive class Il PRA had no
effect on graft survival time (Table 8 and Figure
1).
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Table 8. Graft survival in KT recipients.

All patients 35.21 (34.14-36.27)
Gender
Male 35.39 (34.27-36.50) NS
Female 34.0(30.79-37.20)
Post transplantation I1gG
IGg
High 35.33 (34.25-36.42) NS
Normal 35.00 (33.13-36.86)
IGg 1
High 35.56 (34.83-36.30) NS
Normal 32.33(26.46-38.20)
IGg 3
High 35.62 (34.61-36.63) NS
Normal 34.42 (32.15-36.68)
Post transplantation RPA
Class |
Positive 34.0(34.0-34.0)
0.025
Negative 35.32 (34.17-36.46)
Class Il
Positive 35.50 (34.30-36.70) NS
Negative 35.15 (34.01-36.30)

Survival analysis (Log rank test) compare graft survival time. p> 0.05 is not significant (NS). Cl (confidence interval)

*Log rank test.

1.0

0.8

0.6

0.4

0.2

Probability of graft survival

0.0

Post PRA

R Tl Class1

-'1 -Negative

-IMPositive

Negative-
+censored
Positive-
+censored

.00 10.00

30.00 40.00

Months after transplantion

Figure 1. Kaplan—Meier curves for kidney allograft survival according to post PRA class .
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Discussion

The present work aimed to analyze the
distribution of anti-HLA class | and class Il PRA,
IgG, and its subclasses in pre and post KT
periods and their association with acute AMR
and graft survival. It also aimed to determine
the potential benefit of implementing IgG
subclasses assessment to the current transplant
medicine practice.

In the present study, the median of serum
creatinine in KT recipients was slightly
statistically significant increased (p<0.001) when
compared to the control group. Serum
creatinine was increased in 12.5% of recipients
during their rejection episode and with rejection
management it was returned to its normal level
or slightly elevated. This finding agreed with
Maraghi et al.,, 2016, who reported that the
serum creatinine is a well-known biomarker for
renal function and an important indicator of
graft status. The regular measurement of serum
creatinine in KT recipients post-TX seems to be
one of the most crucial factors to determine the
graft dysfunction even before histological
diagnosis.'® Also, Younespour et al., 2016, found
that there was strong association between graft
dysfunction and elevated serum creatinine
levels.’® However, Josephson, 2011, said that
changes in serum creatinine may not be
equivalent with the degree of graft injury, and
they may change with other renal causes as

graft infection, hemodynamic effects of
calcineurin inhibitors and prerenal volume
depletion.?®

In this work, Class | and class Il PRA were
studied within 24-36 months post-TX in 32 KT
recipients, and there was no difference
between recipients and the control group. The
pre-TX PRA were present in 3 recipients (9.4%)
and negative in the other 29 recipients (90.6%).
In the 3 recipients (9.4%) with preformed Ab,
two recipients of them became negative with
no rejection occurred. The third recipient had
post-TX class | and Il PRA MFI >10000 and acute
active AMR with T cell mediated rejection
occurred 2 years post-TX. These agreed with
Malheiro et al., 2017, and Callemeyn et al.,
2021, who found that either preformed or de
novo DSA were indicators of AMR, graft

dysfunction and poor graft survival.?*® Ma et al.,
2016, said that sensitized KT recipients with
preformed DSA could be against HLA class |,
class Il or both and target private or public
epitopes.?? Also, Caillard et al., 2017, and Senev
et al., 2019, reported that most preformed DSA
disappeared after KT, but DSA which were
persistent after TX with high MFI values caused
AMR. Therefore, these researchers disputed
that preformed DSAs above certain threshold
become deleterious if they persist after TX.232
Moreover, Wang et al.,, 2019, demonstrated
that high DSA with cumulative MFI values
(ranged 1785-14985) in KT recipients undergo
acute rejection while recipients with lower DSA
MFI values (range, 786-8113) do not undergo
acute rejection.” Also, Phillpott et al., 2022,
said that rising DSAs MFI titer is more
considerable and of clinical significance than
steady or declined titre.?®

In the 29 recipients who had negative pre-TX
PRA, the PRA was still negative post-TX in 8
recipients (27.6%) and the remaining 21
recipients (72.4%) developed de novo DSAs
post-TX. De novo DSAs were class | and/or class
I, and MFI was <3000 up to >10000. These
supported finding by Chung et al., 2014, Ramon
et al., 2017, and Cun et al., 2021, who reported
that 13-30% of KT recipients developed de novo
DSA although they were non sensitized at TX
time or even getting proper pre-TX
desensitization program within 5 years post-TX.
2729 Also, Song et al., 2012, and Guidicelli et al.,
2016, clarified that de novo DSA were mainly
directed against donor class Il HLA particularly if
they were in high titer and this usually occurred
during the first year after TX with 20%
possibility of occurrence in next 4 years.3%3!

Rejection occurred in only 4 recipients
(12.5%) out of the 32 KT recipients with
different class | and class Il MFI. Of these, the
first recipient had negative class | and class Il
PRA. The second recipient had negative class |
and class Il PRA, and MFI was <3000. The third
recipient had negative class | and class Il PRA,
and MFI was >10000. The fourth recipient had
positive both class | and class Il PRA, MFI was
>10000. These supported findings by Wiebe et
al.,, 2012, and Yell et al., 2015, demonstrated
that there was a very heterogenous graft
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outcome after the appearance of de novo DSAs,
ranged from no graft injury to rapid graft
dysfunction and loss. However, DSAs with same
MFI strength did not cause the same outcome.
3233 This could be explained by findings of Yoo
et al., 2014, Tambur et al., 2015, and Lefaucheur
et al.,, 2017, who reported that the binding
ability of DSAs to the beads (in Luminex solid
phase assay) might not be as the binding ability
of DSAs to the HLA antigens. They also reported
that there were many limitations of sloid phase
assays as false positive high DSA titer (due to
IgG against denatured HLA antigens or targeting
shared epitopes) or false negative low titer (due
to inhibitors or prozone phenomena occurred in
extremely high DSAs titer). 3*3>13 However,
Arnold et al.,, 2014, explained that recipients
who had post-TX de novo DSA with AMR
occurrence were chronic with intense antigen
exposure leading to advanced immune response
with matured allo-response, such that, it could
be used as diagnostic and prognostic indicator
of AMR and graft survival.®

In the present work, the total IgG, and its
subclasses in the 32 KT recipients were detected
by nephelometric method. In these recipients,
the median level of total 1gG, IgG1 and 1gG3 was
high, and their frequency was 56.2%, 90.6% and
68.8%, respectively. High levels of both IgG1
and 1gG3 was observed in 65.5%, high IgG1
alone in 25% and high 1gG3 alone in 3.1%. High
IgG1 and IgG3 were significantly increased in
recipients 24-36 months post-TX when
compared with the control group (p <0.001and
p<0.041, respectively). 1gG2 and IgG4 were
normal in all recipients. The rejection occurred
in 4 recipients (12.5%). Of these, one recipient
had normal total IgG and its subclasses. Two
recipients had high total I1gG, 1gG1 and IgG3. The
last one had high total 1gG and IgG1l. These
observations were supported by findings of
many previous studies which measured DSAs
IgG subclasses by using modified Luminex based
Single Antigen Bead assay (by replacing SAB-IgG
total by secondary antibodies specific for each
IgG subclasses). Lefaucheur et al., 2016, found
that IgG1l predominate (25%-30%), 1gG3 (5%),
1gG2 (2%) and IgG4 (2%). They reported that the
risk of AMR was higher in recipients with
multiple IgG DSA subclasses than recipients with

IgG1 alone, normal IgG subclass or low pan IgG
MFIL.** Also, von Glehn Ponsirenas et al., 2018,
said that post-TX DSA were mainly IgG1,
followed by 1gG3. I1gG2 and 1gG4 were less
frequent, as they disappeared of them due to
early antigen clearance. Only one patient with
high 1gG3 experienced AMR and allograft
dysfunction.?” However, Khovanova et al., 2015,
Lefaucheur et al.,, 2016, and Hamdani et al.,
2018, when used the modified Luminex
method, they found that in 16%-21% of DSAs,
particularly those with low MFI, any subclass
was detected. 3#143% This may be explained by
Lowe et al., 2013, who suggested that this
method for subclass detection lacks sensitivity
and  cross-reactivity between secondary
antibodies could be occurred.*

In contrary to our findings, Pernin et al.,
2020, assessed DSAs IgG subclasses in 69 KT
recipients by using mass spectrometry after DSA
isolation and that allowing their relative
quantification.’®> They reported that all 1gG
subclasses were present in post-TX de novo DSA
as IgG1 was predominant (62.2% of total 1gG),
1gG2 (23.1%), 1gG3 (7.8%) and 1gG4 (4.7%). Thus,
IgG1, 1gG3 and IgG4 fractions were high in
alloimmune response than in total IgG and AMR
occurrence with poor graft outcome, correlated
with high 1gG3 DSA percentage.> Moreover,
Valenzuela and Schaub, 2018, demonstrated
that recipients had 1gG1 and/or 1gG3 only (37%
to 48% of isolated IgG subclasses), recipients
had 1gG1 and/or 1gG3 with 1gG2 and/or 1gG4
(47% to 62%), and recipients had 1gG2 and/or
IgG4 only (1% to 5%) with rare occurrence of
single subclass.*

In the 11 recipients of this study, class | and
class Il PRA were not different between pre-TX,
6-12- and 24-36-months post-TX. The frequency
and median level of total IgG, IgG1 and IgG3
increased in recipients at 24-36 months post-TX
when compared with pre-TX and 6-12 months
post-TX. 1gG2 and IgG4 were normal in all 11
recipients (100%) at the pre-TX, 6-12- and 24-
36-months post-TX with normal median level.
No rejection occurred in these 11 recipients.
These observations were supported by von
Glehn Ponsirenas et al., 2018, said that post-TX
DSA subclasses were mainly 1gG1, followed by
IgG3. 1gG2 and IgG4 were less frequent and
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disappeared due to early antigen clearance.
Because of heterogenous IgG subclass response,
variable settings of previous studies that
detected IgG subclasses (pre-TX and post-TX at
different periods), using different assay
protocol, small recipients’ number included and
defect in precise histological data of AMR, it is
hard to get firm conclusion about the IgG
subclasses pattern and their effect on graft
outcome.?” Contrary to our findings, Viglietti et
al., 2017, studied circulating anti-HLA DSA in
110 KT recipients and reported that the
frequency of 1gG1, IgG2 and IgG4 was nearly the
same at the time of TX, 1- and 2-years post-TX.
While the frequency of IgG3 decreased 1- and 2-
years post-TX when compared to the time of TX
but its presence was associated with AMR
occurrence.*

In the present work, the mean graft survival
time was not different in recipients who had
high total 1gG, IgG1 and IgG3 levels or positive
post-TX class Il PRA. While the mean survival
time of the graft decreased in recipients who
had positive post-TX class | PRA. This agreed
with that of Riella et al., 2014, who reported
that despite of the presence of class | or class |l
DSA with different 1gG subclasses distribution,
long term renal allograft survival was
observed.* This was explained by von Glehn
Ponsirenas et al.,, 2018, who found that the
factors associated with low graft survival time
were high MFI, type of IgG subclass and its
capability of complement activation.?” In
contrary to our findings, Loupy et al.,, 2013,
found that renal allograft survival decreased 5
years in patients with 1gG1/1gG3 DSA more than
patients with 1gG2/IgG4 DSA or no DSA at all.
This could be explained by small number of
graft rejection, 4 recipients (12.5%), in a
relatively narrow follow up period (mean: 2-3
years post-TX) in this study.*

In conclusion, preformed class | and class Il
DSAs may turn to negative post-TX but they
become deleterious if they persist after TX in
high titer. De novo development of DSAs
occurred even when recipients were non-
sensitized at TX time. The frequency of post-TX
total IgG, IgGland IgG3 levels increased mainly
24-36 months post-TX, therefore, recipients
should be routinely evaluated for DSA classes

and subclasses at this period but their effect in
graft outcome was unclear.
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