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Background. The identification of low-level antibodies by single-antigen bead methodology has brought advancements to risk
evaluation of kidney transplant recipients. However, the use of mean fluorescence intensity (MFI) to quantify antibodies and to
guide therapy is not enough. Notably, immunoglobulin G (IgG) subclass switching is hypothesized to follow a programmed se-
quence after an emergency signal from the germinal center. In transplantation this process is not clear yet. In the present studly,
we sequentially evaluate anti-HLA donor specific antibody (DSA) subclasses, their profile changes, and C1g-binding ability and
the influence of those characteristics on antibody mediated rejection (AMR) occurrence and allograft function. Methods. A total
of 30 DSA-positive patients were tested for IgG subclass content and C1g-binding in sequential serum samples. Results.
Twenty-one patients were DSA-positive before transplant; patients sensitized only by transfusion or pregnancies had IgG1 and/or
lgG3, and patients sensitized by both transfusion and pregnancies or previous transplant showed a broader range of IgG sub-
classes. C1q binding was detected in high MFI made up of IgG1 or multiple IgG subclasses. Only 4 patients were positive for
C1q posttransplantation and 3 of these showed an increase in MFI, changes in subclasses patterns, AMR, and allograft dysfunc-
tion. Conclusions. Posttransplant evaluation of DSA subclasses and the ability to bind C1g may be informative for both AMR

occurrence and allograft dysfunction. Monitoring these events may help to better define risk and interventional time points.

(Transplantation Direct 2018;4: €385; doi: 10.1097/TXD.0000000000000823. Published online 22 August, 2018.)

echnological advancements in antibody identification

have revolutionized how we assess risk in solid organ
transplantation. From the identification of low-level antibod-
ies to the characterization of highly sensitized retransplant
patients,! these advancements, particularly solid phase
single-antigen beads (SABs) assays, have made it exponentially
easier to differentiate and categorize patients.>> However, as
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beneficial as this is to organ allocation and desensitization
protocols, it provides minimal improvement in rejection
diagnosis and treatment,”® particularly when attempting
quantification through mean fluorescence intensity (MFI).?
Although there is an association of elevated MFI values
with worse outcomes, there is very little evidence supporting
a direct correlation of MFI and clinical impact. For example,
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FIGURE 1. Sera samples collected during prospective
posttransplant monitoring.

Lefaucheur et al” showed in a pretransplant setting that pa-
tients with donor-specific antibody (DSA) higher than 6000
MFI presented a 100-fold increased risk for antibody-
mediated rejection (AMR) (relative risk, 113.0; 95% confi-
dence interval [CI], 30.8-414), however, the CI showed by
the data suggests that some of the patients in this group pre-
sented lower risk for AMR than patients with MFI between
465 and 1500 (relative risk, 24.8; 95% CI, 4.6-134.8. When
evaluating large cohorts, it is possible to find greater risk as-
sociated to higher MFI values, but the question remains,
what differs in patients with high MFI values that develop
AMR versus those that do not?>*®

In the posttransplant setting, the appearance of anti-HLA
DSAs, as determined by MFI and the subsequent rise and/or
fall of the MFI value, although implying risk, does very little
to define the function and activity of that antibody.>* When
considering the functionality of DSA, it was recently demon-
strated by Loupy et al'® that allograft survival in the presence
of Clg-binding DSA was significantly lower than that in
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patients with non—C1qg-binding DSA and no DSA. However,
in their cross-sectional analysis of 1016 patients tested at
1 year or at the time of rejection with a 5-year follow-up, they
found only 77 patients with Clg-positive DSA. Although
providing a highly significant cohort of patients at higher risk
for allograft loss, suggesting the functionality of DSA at a
specific time point, these data do little to elucidate the true
evolution of the immune response. One could argue that in-
stead of being a marker for rejection and possibly an oppor-
tunity for intervention, it is nothing more than evidence of a
predetermined fate.

It has recently been shown that the presence of complement-
fixing IgG (IgG1 and/or IgG3) is abundant in kidney trans-
plant patient serum but is not a determinant of the detection
of C1g-binding.!* Moreover, subclass switching is hypothe-
sized to follow a programmed sequence after an emergency
signal from the germinal center leading to the production of
IgM followed by IgG3, then IgGl, then IgG2, and finally
IgG4.'> This process is influenced by the initial immune
response, the microenvironment of cytokines, and the sig-
naling produced.'®!* There are many reports suggesting
that [gG3 and IgG1 appear relatively early in the immune
response and are often the only subclasses detected, which
could mean early antigen clearance.'* Arnold et al'® ob-
served that AMR features were more common in patients

Patient demographics

Characteristics All patients DSA+C1g- DSA+C1g+ P
N fotal n (%) 30 (100) 23 (76.7) 7(23.3)
Female n (%) 17 (56.7) 12 (52.2) 5(71.4) 0.38
Age, y Mean + SD 4217 £13.70 41.09 + 13.82 4571 +13.68 0.44
Transplant type
Live unrelated n (%) 12 (40.0) 8(34.8 4(57.1) 0.30
Live related n (%) 18 (60.0) 15 (65.2) 3429
Previous sensitization
Transfusions Median (min-max) 20+29 21 +3.2 1.8+22 0.85
Pregnancies, n = 17 Median (min-max) 3(0-19 2.5(0-19) 3.0 (2-9 0.38
Regrafts n (%) 3(10.0) 3(13.0) 0 0.32
HLA compatibility
No. mismatches mean + SD 423 +1.48 42+16 44+11 0.70
PRA mean + SD 56.6 +39.8 549 + 384 621 +46.8 0.68
Clinical events
Induction therapy n (%) 7 (56.7) 5(65.2) 2 (28.6) 0.09
Dialysis time, d Median (min-max) 730 (0-4380) 700 (0-3650) 1278 (153-4380) 022
Diabetes n (%) 133 14.3) 0 0.58
Hypertension n (%) 20 (66.7) 5(65.2) 5(71.4) 0.76
Follow-up time, d Median (min-max) 1801 5 (289-2176) 1833 (951-2176) 1770 (289-1914) 0.33
Infection n (%) 20 (66.7) 5(65.2 5(71.4) 0.76
Graft loss n (%) 2 (6.7) 0 2 (28.6) 0.009
Patient death n (%) 3(10.0) 28.7) 1(14.3) 0.67
Histological factors
AMR n (%) 4(13.3) 0 4(57.1) 0.0001
TCMR n (%) 2(6.7) 28.7) 0 0.63
CsA nephropathy n (%) 1(3.3 1.3 0 0.58
BKV nephropathy (%) 4(13.3) 4(17.4) 0 024

x2 tests were used for comparison of categorical variables and 1-way ANOVA was used for the comparison of parametric continuous variables. Comparison between groups of nonparametric variables was

performed by the Kruskal-Wallis method. Nonparametric variables are presented as the median (range).

BKV, BK virus; CsA, cyclosporine; min, minimum; max, maximum.
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with an expansion to non—complement-fixing DSA. This
suggests that the expansion of complement-fixing to
non—-complement-fixing DSA shows an evolution of the
immune response. Little has been described in transplanta-
tion about this process, because most studies evaluate
pretransplant sera alone or pretransplant sera with only
1 posttransplant time point.'®2!

In the present study, we sequentially evaluated anti-HLA
DSA subclasses, their profile changes, and Clg-binding
ability while observing the influence of those characteris-
tics on AMR and allograft function in live donor kidney
transplant recipients.

METHODOLOGY

Patients and Sera Selection

From January of 2007, we prospectively monitored kidney
transplant recipients for the presence of donor-specific
anti-HLA antibodies (DSA) by SAB. Between 2007 and 2010,
158 patients received kidneys from live donors at the Hospital
Universitario Evangélico de Curitiba. From those, 63 patients
were excluded due to lack of complete follow-up or available se-
rum for new tests, and 65 did not present DSA during the 5 years
of posttransplant monitoring. Thirty patients were included in
the study, 21 with preformed DSA and 9 with de novo DSA.
All transplants required a negative complement-dependent
cytotoxicity crossmatch for IgG T cell and B cell, and ABO
blood group compatibility. Sera collection is shown in Figure 1.
The study was approved by the Ethics Committee for Research
from the Pontificia Universidade Catolica do Parand.
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Clinical Data

Clinical data on donors and recipients were obtained from
the original medical records. Immunosuppression included
prednisone, cyclosporine, and mycophenolate mofetil. Acute
clinical rejection was characterized by deterioration of allo-
graft function, proteinuria, and histopathological evidence.
Allograft function is shown as estimated glomerular filtration
rate (eGFR) by the Modification of Diet in Renal Disease
(MDRD) formula in mL/min per 1.73 m>. Proteinuria is pre-
sented in the following categories: P+, 150 to 500 mg; P++,
500 to 1000 mg; P+++, 1000 to 3500 mg; P++++,
>3500 mg. Biopsies were reanalyzed by 2 different patholo-
gists without any clinical information of the recipient and
were classified according to the most recent Banff classifica-
tion criteria. C4d was performed for all biopsies.

Detection of IgG and DSA Characterization

Pretransplant and posttransplant sera were tested for class
I and class IT anti-HLA antibodies (SAB-IgGa) with com-
mercially available, Luminex-based Single Antigen Bead as-
say kits (LABScreen Single Antigen LS1A04 and LS2A01;
One Lambda, Inc.; Canoga Park, CA) per the manufacturer's
protocol and analyzed with HLA FUSION software (One
Lambda, Inc.). A positive result was defined as a baseline nor-
malized mean fluorescence intensity (MFI) greater than 500.
Donor specificity for anti-HLA antibodies was determined
by the comparison of the HLA antibody specificities with
the HLA typing of the donor for HLA-A, -B, -DRB1, -DRB3,
-4 and -5, -DQB1, and -DQAT1 loci. HLA typing for both
patient and donor was performed by LABType SSO (One
Lambda, Inc.).

158 Kidney live donor recipients
between 2007 and 2010

Exclusion (N = 128)

- Recipients lacking

> complete follow-up
or serum for
additional testing

| 30 recipients included | -

No DSA recipients

DSA+ C1qg+

|

pre-transplant
N=3

l

DSA+ Cilg- N =21

No DSA pre-transplant
N=9

\ DSA+ pre-transplant

pre-transplant
N=18 v

v

C1q and IgG subclasses* screening for 5 years after
transplantation

! |

I
b

! }

DSA+C1qg+ De novo C1qg+ C1g- DSA De novo De Novo
persistent DSA persistent persistent DSA+ C1qg+ DSA+C1qg-
posttransplant posttransplant posttransplant N=2 N=7
N=2 N=2 N=17

*IgG subclasses data is shown by kidney recipient
on tables 3, 5 and 6.

FIGURE 2. Study population according to anti-HLA DSA and C1g-binding status. C1g+-C1qg-binding positive; C1g—-C1g-binding negative.
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Detection of IgG Subclasses ts
DSA-positive samples were tested with a modified SAB as- S S 8BS 5833
say to determine the IgG subclass of the antibody. The ge- x é sbh 88
neric secondary antibody IgGy (One Lambda, Inc.) was s>
replaced by monoclonal secondary antibodies specific for -
IgG.4 subclasses conjugated with phycoerythrin (PE) (IgG; -
clone HP6001, IgG, clone 31-7-4, IgG; clone HP6050, 23| 288788
IgG4 clone HP6025; Southern Biotech, Birmingham, AL). A r= R
positive result was defined as an MFI above the cutoff ratio =
that was generated for each individual bead of each subclass .
using 3 negative control sera (NC1-3) obtained from healthy, o oo w
nonsensitized, anti-HLA antibody negative males, and 1 —f‘é RTF3b
commercially available negative control serum (NC4). The 5 -
cutoff ratio was calculated as follows: cutoff MFI = 2 x =y
((mean NC1-4) + 3 x (Standard deviations NC1-4)); cut- +
off ratio.zl MFI/cutoff MFI. A ratio above 5§ was consid- %m Lo NR e
ered positive. 5 8 53
Detection of Complement-fixing Antibodies g
DSA-positive samples were tested for Clg-binding anti- b
HLA antibodies (SAB-C1q) using commercially available kits rile ST g
(C1gScreen; One Lambda). The serum samples were heat- 8 - @
treated (56°C for 30 minutes) to denature endogenous com- =
plement components and the test was performed per the b
manufacturer's protocol. The analyses of Clq results were 2 5% TENR
performed by HLA FUSION software (One Lambda, Inc.) 2 « «
following the interpretation method published by Tyan et al.>* =
Statistics ‘ié, — o o o o
Comparison of patient and donor characteristics between Nrer=g8
groups according to sensitization status was performed with S
the x? test for discrete variables and with analysis of variance § -
(ANOVA) or the Kruskal-Wallis test, as applicable, for quan- & =) N
titative variables. Survival was analyzed from the time of S r8g°g8
transplantation to a maximum of § years using kidney al- ? S
lograft loss as the event of interest. Survival rates were g ~
compared according to the presence of anti-HLA DSA 5 S Srago®
C1g-binding status using the log-rank test. Allograft function @ X Te~—3sSh
was evaluated by comparing the means of groups with DSA 3 S o
Clg-binding and DSA without Clqg-binding by ANOVA ) o aoo
1-way on the following posttransplant days: 30, 180, 365, 2 878 ”
730, 1095, 1460, and 1825. We further applied repeated- ) ol 0o m oo o
measures ANOVA to evaluate the variance in eGFR MDRD ~t ST
over time after transplant according to the presence of DSA g I N
Clg-binding. All statistical analyses were performed using 2 2T 37
MedCalc for Windows, version 13.0 (MedCalc Software, & S
Ostend, Belgium). Statistical significance was set at P less s S IZRbFS|E
than 0.05. g " %
g 8
s| 2/885885|E
RESULTS g E - & 2
Study Population Demographics £ = i N é
Patient characteristics according to Clq DSA status are ‘?, ’% é =
shown in Table 1. Patients with C1q DSA-positive at any time E e ® g
during the study were included in the group DSA+C1q+. We £ % = g
tested a mean of twelve serum samples per patient from § S| = 8 =
pretransplant up to 5 years after transplantation for the pres- 8|z % s - 2=2 2 2z
ence of DSA. In the posttransplant evaluation, anti-HLA @ S22 £ 8 2 £ 8 § £
class I DSA was more frequent than class I alone and classes S| E % s % s £%
I and II together. IgG subclasses were primarily found in = ; g|IccIcc|g 2
combinations, IgG1 being the most frequent. Clg-binding Sles|Ssss8gg|8E
was detected in 3 pretransplant patients, 2 of whom = Egl2==2==2IF%
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continued to present during the posttransplant period. Four
patients presented C1q-binding during posttransplant moni-
toring, and 2 of these presented pretransplant DSA, whereas
2 formed posttransplant DSA (Figure 2). Four patients pre-
sented antibody-mediated rejection (AMR), 3 presensitized
and 1 with de novo DSA. T cell-mediated rejection (TCMR)
occurred in 2 patients, both with de novo DSA. Two patients
lost their allograft, 1 with preformed DSA, and 1 with de
novo DSA. Three patients died during the study, 2 with func-
tioning allografts and 1 who developed DSA, C1g-binding,
and AMR.

MFI of IgG total and C1q-binding According to IgG
Subclass Groups

We analyzed 1598 beads with positive reactions in IgG
total for anti-HLA class I, and 2087 positive reactions for
anti-HLA class II antibodies. In 630 (39.4%) of class I
beads, and 899 (43.1%) of class II beads with low MFI,
it was not possible to define the IgG subclass. IgG1 was
the predominant IgG subclass found either alone or in
combinations with other subclasses; 811 (50.8%) for class
Iand 1091 (52.3%) for class Il antibodies. C1q-binding re-
actions showed a higher MFI when IgG1 and IgG3 were
positive (Table 2).

Pretransplant IgG Subclass Pattern, C1q Reactivity
and Previous Sensitization

Twenty-one patients had preformed DSA. Pretransplant
antibody profile and sensitization are shown in Table 3. Pre-
vious sensitization information was not available for 2 patients.
Patients with only transfusions or only pregnancies presented
IgG1 and/or IgG3 with lower MFI, whereas patients with
both transfusion and pregnancy or previous transplant
presented a broader antibody profile with a higher MFI
(P < 0.00001) (Table 4). 90.7% of the positive beads in
previously transplanted patients had IgG2 and IgG4 in its
composition and 64.3% of the positive bead reactions in
patients with pregnancy plus transfusion presented IgG1
and IgG3 (x?=97.504; P < 0.0001). Clg-binding was de-
tected in 6 pretransplant patients, of these, 2 were DSA.
Patients with C1qg-binding antibodies were sensitized by
transfusions and pregnancy or previous transplantation.

Posttransplant Changes in IgG Subclass Patterns
and C1q Reactivity

Presensitized Patients

Table 5 shows posttransplant evolution of preformed DSA
for each patient with the changes in DSA IgG subclasses, abil-
ity to bind Clq, allograft function, and clinical events over
time during follow-up. Patients 2, 6 and 17 had preformed
C1qg-binding DSA; but only patients 2 and 17 remained pos-
itive after transplantation. Patient 17 presented AMR with
minimal (10%) C4d deposition. Patients 4 and 20 were
presensitized after multiple transfusions and pregnancies
and developed posttransplant Cl1g-binding DSA showing
an increase in MFI values and changes in IgG subclasses pat-
terns, C4d deposition, and AMR. Patient 20 lost the allograft
before completing 1 year of transplant.

De Novo DSA Patients

Table 6 shows the posttransplant follow-up for patients
that developed DSA after transplantation, with the changes

Groups of anti-HLA antibodies IgG subclasses found in pretransplant sera according with previous sensitization

Groups of IgG subclasses on pretransplant sera
1gG1 +1gG2 1gG1 +1gG3 1gG1 + 1gG4 19G2 + 1gG4 1gG1 + 1gG2 + 1gG3 1gG1 + 1gG2 + 1gG4 1gG1 + 1gG2 + 1gG3 + lgG4

1962  1gG3  IgG4

1gG1

No subclass

Sensitization cause

No. Beads
Mean MF, lgGt

Not known

1851

2844

1577
+536,4

+968

SD MFI lgGt
number Beads
mean MFI IgGt

SD MFI lgGt

No. Beads
Mean MFI IgGt
SD MFI lgGt
No. beads
mean MFI IgGt

SD MFI IgGt

No. beads
mean MFI IgGt

SD MFI IgGt
Number of all beads with mean fluorescence intensity values over 500 were included in this analysis.

10
2937

Transfusion

3400

1234
+366

1362
+825.2

+783.6

+989.4

24
2258
+1080.3

Pregnancies

www.transplantationdirect.com

2477

616

4184
+2019.9

10

9425
+4846.3

40
7655

78

5919
+3967.5

68
1735
+1098.3

Transfusion + Pregnancy

12149
+2102.0

10609

3271
+1947.8

2346
+1533,5

1127
+473.8

+4404.1

17
8045
+3571.9

15
9119
+4651.7

12
7535
+4714.3

17

2051
+1208,1

16
4523

70
2184
+2646.7

Previous Transplantation

6177

9364

4812

7320
+3953.2

+1303,6
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Induction
Patient ID  Therapy

21

Cad Biopsies (BANFF 2017 score)

eGFR MDRD Proteinuria

C1g-binding

DSA profile
B*39:01 (5347-1gG12)

Number days posttransplant

Negative
Negative
Negative

48

Negative

B*39:01 (4382-1gG1) DRB1*09:01

50

10

(1318-1gG1) DRB1*14:01 (974-1gG1)
B*39:01 (4791-1gG1234) DRB1*09:01

34

Negative

19

(1318-1gG1) DRB1*14:01 (974-1gG1)

50
50
43

Negative
Negative
Negative

Negative
Negative
Negative

390
416

751
Induction therapy: N, none; T, thymoglobulin; I, anti-IL2mAb; P, prednisone; OKT3, MuronAb-CD3. Proteinuria: P+, 150-500 mg; P++, 500-1000 mg; P+++, 1000-3500 mg; P++++, >3500 mg. C4d: C4d+, minimal deposition (<10%); C4d++, focal deposition (10-50%); CAd+-++,

diffuse (>50%).
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of IgG subclasses, ability to bind C1q, allograft function, and
clinical events. Patients 22 and 25 formed C1g-binding DSA.
The first anti-HLA DSA detected in patient number 22 was
on day 90 after transplant with no Clq binding, followed
by an increase in MFI and change in the subclass profile from
IgG1 and/or IgG3 to all subclasses and C1q-binding. This pa-
tient developed AMR and lost the allograft before complet-
ing 2 years of transplant.

C1q Reactivity and Allograft Function and Survival

Allograft function over time was evaluated by comparing
the mean eGFR MDRD by period (Figure 3A) and by
ANOVA repeated measurements (Figure 3B). Patients
with C1q binding anti-HLA DSA showed lower allograft
function from the first year of transplant through the fifth
year. Allograft loss was only observed in patients with Clq
binding anti-HLA DSA (100% survival rate at § years for
DSA+C1q- patients compared to 71.4% survival rate for
patients DSA+C1q+).

DISCUSSION

In the present study, we sequentially followed up 30 patients
with anti-HLA DSA (mean of 12 samples per patient) to eval-
uate characteristics such as HLA class, IgG subclass, Clq-
binding ability, changes in reaction patterns over time after
transplant, time of AMR, TCMR, and allograft dysfunction.
All transplants required a negative T and B cell CDC-XM at
the time of transplantation. The presence of DSA of any MFI
value was not a counter indication for transplantation.

In pretransplant and posttransplant sera, IgG1 was the
most common IgG subclass. Presensitized patients showed
different compositions of IgG subclasses according to the
cause of sensitization. Patients sensitized by only transfusion
or pregnancies had anti-HLA antibodies of IgG1 and/or IgG3
subclasses, whereas patients with both transfusion and preg-
nancies and previous transplant showed a broader range of
IgG subclasses. This is in accordance with data presented
by Lowe et al.'”

We found IgG3 more frequently than IgG2 in posttransplant
sera rather than the expected order of the IgG subclass con-
centration IgG1, IgG2, IgG3, and IgG4.>> The evaluation
of sequential sera allowed for detection of subclasses at dif-
ferent stages of the immune response. We hypothesize that
like other diseases, such as membranous glomerulonephri-
tis,>*** development of AMR and its progression is related
to subclass switching. There were also differences between
patients with preformed DSA and de novo DSA, in which
de novo DSA were primarily made up of IgG1 and IgG3
alone. Only 1 patient with de novo DSA presented AMR,
and subsequently, allograft dysfunction. The first IgG
detected was a class II DSA of IgG3 subclass with no Clg-
binding ability in vitro. We subsequently detected all sub-
classes and C1q binding in the next serum, which presented
AMR features in the tissue with minimal C4d deposition. It
has been suggested that subclass switching occurs first from
IgM to IgG3 and then to IgG1, IgG2, and IgG4. In many re-
sponses early antigen clearance would prevent the appear-
ance of IgG2 and IgG4."* IgG2 and IgG4 were detected,
but only in combination with other subclasses, demonstrat-
ing an evolution of the immune response. The presence of
IgG2 and IgG4 was shown in elutes of rejected renal allo-
grafts confirming sequential subclass switching.'® Moreover,
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Posttransplant antibody monitoring results of de novo DSA patients

Patient No. days eGFR Biopsies
D posttransplant DSA profile C1g-binding MDRD Proteinuria  C4d (BANFF 2017 score)
22 3 0 0 45
5 0 0 66
15 0 0 57
27 0 0 76
30 0 0 87
62 DQB1*03:01 (IgM) 0 53 P++
90 DR8 (1422-1gG3) 0 65 P++
DQB1*03:01 (790)
182 B35 (IgM) B53 (IgM) DQB1*03:01 (3020) 59 P++ C4d+  AMR (i2; t2; v0; g1; cv0; cg0; mmoO;
DR8 (1978-1gG3) aho; ptci)
DRB1*03:01 (2200-1gG13)
432 A1 (869-1gG13) A36 (339-1gG13)  A36 (627) DQB1*03:01 (11275) 64 P++
DR8 (1541-lgG3) DQB1*03:01 DQA1*04:01 (11138)
(2546-1gG1234) DQA1*04:01
(2260-1gG1234)
687 Al (4164-1gG134) A1 (4886) A36 (4131) DQB1*03:01 37 P++ Allograft Loss
A36 (4498-1gG1234) (8829) DQA1*04:01 (9543)
B53 (820) DR8 (3373-IgG3)
DQAB1*03:01
(2989-1gG1234) DQA1*04:01
(9983-1gG1234)
23 10 0 0 62
13 0 0 48
20 0 0 44
27 0 0 40
1832 DQB1*03:03 (2523) 0 70
24 3 DQ2/DQA1*02:01 (3130) 0 51
5 0 0 54 P++
12 0 0 7
30 0 0 65
48 DQ2/DQA1*02:01 (876) 0 31
7 0 0 46
168 DQ2/DQA1*02:01 (1398) 0 55
365 0 0 66
580 DQ2/DQA1*02:01 (1071) 0 61
760 DQ2/DQA1*02:01 (1190) 0 53
1024 0 0 4
1189 0 0 43
1290 0 0 31
25 2 0 0 37 P+
5 0 0 42 P+
8 0 0 59 P+
177 DQ5(1) (7601-IgG1) DA5(1) (1276) 71
26 10 DQB1*02:01/DQA1*05:01 0 31
(2477-19G2)
15 DQB1*02:01/DQA1*05:01 0 35 P++
(2916-1gG2)
30 0 0 43
34 0 0 39
63 0 0 4
92 0 0 39
187 0 0 43

Continued next page
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Patient No. days eGFR Biopsies
ID posttransplant DSA profile C1q-binding MDRD Proteinuria  C4d (BANFF 2017 score)
27 3 A3 (581) 0 61
5 A3 (624) 0 64
15 0 0 61
30 0 0 44
183 0 0 46
474 0 0 22
489 0 0 27
524 0 0 32
564 0 0 32
28 13 0 0 61
15 0 0 58
18 0 0 53
26 0 0 57
69 0 0 66
94 0 0 67
180 0 0 51
545 DQA1*05:01/02/03 0 48
(2675-1gG13)
736 DQA1*05:01/02/03 (2676-1gG1) 0 90
29 3 0 0 41
5 0 0 32
15 0 0 36 P++ Negative ~ TCMR (IA-i2; t2; vO; gO; cv0; cg0;
mmo0; ah0; ptc1)
20 0 0 48 P+
30 0 0 55
34 DQB1*03:01 (1801-IgG3) 0 55
56 DQB1*03:01 (678-gG3) 0 47
920 DQB1*03:01 (568-1gG3) 0 43
515 0 0 56
730 0 0 66
30 3 0 0 5
6 0 0 7
10 0 0 4
20 0 0 34
22 0 0 46
31 0 0 51
68 0 0 53
171 0 0 50
374 0 0 54
705 DQA1*03:02 (4707-gG1) 0 52 TCMR (IFTA discreet; i1; t0; vO; gO;
cv0; cg0; mmO; aho; ptc0)
1329 DQA1*03:02 (1457-gG1) 0 51 P++

IFTA, interstitial fibrosis and tubular atrophy.

there seemed to be a correlation between the occurrence
of AMR and the expansion of complement-fixing to
noncomplement fixing DSA."°

Another important observation was that despite the high
prevalence of IgG1 subclass, C1q-binding was found in less
than 15% of the sera tested, and only in the presence of high
MFI IgG1 or, most frequently, in the presence of a combina-
tion of all 4 subclasses. As recently shown by Schaub et al,
C1q binding is related to anti-HLA antibody density, and fur-
thermore, a great number of HLA antibodies found in sera
that do not induce C1q-binding in vitro do, however, contain
C-binding IgG subclasses (IgG1 and IgG3)."! The presence of
all 4 subclasses can indicate a higher antibody concentration,

thus providing higher density for C1g-binding. The presence
of a high concentration of antibodies sequentially binding to
antigens leads to hexamer formation that binds to C1q with
higher avidity than monomeric IgG, inducing activation of
the complement system.*®

Antibody-mediated rejection is one of the leading causes of
allograft failure.”” Although the presence of DSA implies risk
for AMR, long-term survival of patients with DSA has been
reported.?®*” Despite our small population number, we ob-
served that most patients diagnosed with AMR presented
an increase in MFI, changes in IgG subclasses, and Clg-
binding DSA. Loupy et al reported that patients with donor
specific Clg-binding DSA present lower allograft survival
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A Allograft function evolution according to anti-HLA donor specific antibody C1q status

80

70

60

mean eGFR MDRD mL/min/1.73m?
N
8

DSA+Clg-
30

DSA+Clg+ DSA+Clg- DSA+Clq+ DSA+Clg-  DSA+Cig+

50
p=0.20 p=0.07 p=0.05 p=0.05 p=0.02 p=0.03
30
20
10
o

DSA+Cilg-

p=0.01

DSA+Clg+ DSA+Clg-  DSA+Clgq+

1095

DSA+Clg-  DSA+Clg+

1460

DSA+Clg-  DSA+Clg+

1825

Days after transplantation

B Allograft function evolution according to anti-HLA donor specific antibodies
C1q status - ANOVA Repeated Measures

mean eGFR MDRD mL/min/1.73m*
o
=]
I

‘\/'—.\‘

- --...-.---.-...--.-..+.......u---u----u--'p.,_.-"-
i "u.+

25 - @@ DSA+Cig-

20 |- +-+ DSA+Clg+

15}

sl B p=0.012
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o' L L 1 1 1
30d 180d 365d 730d 1005d

Days after transplantation

FIGURE 3. Evolution of allograft function. A, Comparison of means of allograft function measured by eGFR by MDRD according to the pres-
ence of anti-HLA DSAs with or without C1g-binding by each period of time evaluated. B, Evolution of allograft function over time evaluated by

repeated-measures ANOVA according to C1g-binding status.

within S-years of follow-up when compared with non—
complement-binding DSA and non-DSA patients.'® More-
over, pediatric kidney recipients with de novo Clq DSA
reactivity showed higher rates of rejection and increased risk
of allograft loss.>° The presence of a combination of IgG sub-
classes with C1q-binding DSA could also be related to AMR
occurrence, and diminished allograft function. It was previ-
ously shown that liver transplant patients with IgG sub-
class combinations containing IgG3 presented allograft
survival that was significantly lower than patients who
presented a single IgG subclass. Changes in the profile of
antibodies during posttransplant follow-up demonstrate
the importance of close anti-HLA DSA monitoring after

transplantation.>® Moreover, the presence of different sub-
classes can indicate distinct phenotypes of AMR. IgG4-
containing DSA was associated with features of subclinical
AMR, whereas IgG3-containing DSA was associated with
an acute form of AMR and represented a greater risk for allo-
graft loss."”

Our study presents certain limitations, including the small
population and testing at different time points with different
lots of SAB for DSA. In addition, we were unable to eval-
uate denatured antigens to confirm the IgG subclass negative
reactions.

Recently, 3 different stages of AMR were described by mo-
lecular diagnosis of kidney biopsies; early-stage AMR, fully
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formed AMR, and late-stage AMR.*>? Understanding the nat-
ural evolution of anti-HLA antibodies during the process of
AMR and correlating to its stages is essential to define treat-
ment. Although our data are not conclusive, we demonstrate
that there is a progression of the immune response and it can
begin at the sensitization cause and may consequently lead to
allograft loss. These insights should be considered if patients
are not consistently monitored for anti-HLA antibodies after
transplantation. Thus, a single time point evaluation after
transplantation may not be sufficient to provide all the infor-
mation needed to make clinical decisions.

The authors would like to thank Vera Lucia Bertoldi, Patricia
Soldera, Michele Cavalheiro, and Denise Dener for their sup-
port during clinical data collection at the Hospital Universitario
Evangélico de Curitiba as well as Dr. Iria Visona from the
Department of Pathology at the Universidade Federal de Sao
Paulo for assistance with the biopsy materials.
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