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Production of Circulating B Cells Associate
Resting Memory B Cells With Early Antibody-
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Background. B cells play a crucial role in kidney transplantation through antibody production and cytokine secretion.
To better understand their impact on kidney transplantation, this retrospective study aimed to characterize circulating B-cell
phenotypes and cytokine production in a cohort of kidney transplant patients to identify whether pretransplant donor-specific
antibodies (DSAS) or biopsy-proven rejection is associated with different B-cell profiles. Methods. Pretransplant cryopre-
served peripheral blood mononuclear cells were obtained from 96 kidney transplant recipients, of whom 42 had pretransplant
DSAs. The cells underwent surface marker staining using a 33-color spectral flow cytometry panel for B-cell phenotyping.
Simultaneously, cells were stimulated for interleukin-10, tumor necrosis factor-a, and interleukin-6 production, and analyzed
with a 6-color panel. Results. Rejection was linked to decreased naive B cells and increased plasmablasts, CD27+ mem-
ory B cells, and memory B-cell subsets (all P < 0.04) compared with no rejection. Cytokine-producing B cells and immune
regulatory molecule expression showed no significant differences. Multivariate analysis identified resting memory B cells
(CD27+CD21+) and pretransplant DSAs as significantly associated with rejection (P = 0.01; odds ratio [OR], 1.07; P = 0.02;
OR, 8.10, respectively). Cox regression analysis revealed resting memory B cells were associated with early antibody-
mediated rejection (P = 0.04; OR, 1.05). Conclusions. B-cell subset distributions differed between patients with and
without rejection. Resting memory B-cell frequency was associated with increased early antibody-mediated rejection risk,
whereas cytokine production and immune checkpoint expression did not influence rejection. The results suggest that B-cell

subset composition could aid in rejection risk assessment and serve as a potential pretransplant diagnostic parameter.
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In conclusion, our study highlights the important role of B cells in kidney
transplantation, with a particular focus on the potential of resting memory B cells
as a predictive marker for early AMR. The results suggest that resting memory
B cells may serve as indicators of rejection risk, though this potential requires
validation. Future studies should adopt a longitudinal approach, tracking the
shifts in B-cell populations and functions over time to better understand their
dynamic roles in transplant outcomes. Ultimately, this study underscores the
integral role of B cells in kidney transplant immunology while emphasizing the
need for more comprehensive research to translate this knowledge into clinical
practices for predicting and preventing rejection.
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he central role of B cells in antibody-mediated rejection

(AMR) has sparked increased interest in researching their
complex functions in transplant immunology,!2 with grow-
ing attention on the clinical impact of B-cell subsets, namely
memory B cells (CD27+),3 transitional B cells (CD38%)# and
IL-10-producing regulatory B cells (Bregs).5-1!

B cells have been extensively studied as potential predictors
of transplant rejection risk, with numerous studies exploring
their role in graft outcomes.*!2-1¢ Although some research work
suggests that specific B-cell subsets, particularly donor-specific
memory B cells, may indicate rejection likelihood and graft
survival,!” the clinical utility of this approach remains uncer-
tain. Our previous study, for instance, failed to confirm associa-
tions reported in earlier research, highlighting the complexity
of this field.'® However, the balance between effector B cells
(eg, memory B cells) and Bregs appears crucial for graft out-
comes. For example, increased frequencies of transitional and
memory Breg subsets (CD24hCD38hi and CD24"CD27+) have
been linked to prolonged graft survival and reduced rejection
risk,*15 potentially contributing to long-term graft stability or
operational tolerance.!71° Aside from the aforementioned sub-
sets and their role in transplant immunology, B cells express
various immune checkpoints that regulate their activation, dif-
ferentiation, and survival.! These include costimulatory mol-
ecules such as CD40 and CD86, which interact with T cells to
promote activation, and receptors such as B-cell activating fac-
tor receptor, transmembrane activator and CAML interactor,
and interleukin (IL)-21R, which are crucial for B-cell survival
and differentiation.1220-23 Conversely, coinhibitory molecules
like programmed cell death protein 1 and B- and T-lymphocyte
attenuator can suppress B-cell activation when engaged.2+2S
The balance and interplay between these various checkpoints
could influence B-cell responses in transplantation, affecting
both alloimmunity and tolerance.

To explore the complex roles of B cells in kidney trans-
plant immunology, we used a dual flow cytometry approach
on pretransplant peripheral blood mononuclear cells (PBMCs)
from kidney transplant recipients (KTRs). A 33-color B cell-
specific spectral flow cytometry panel was used to analyze the
B-cell subset phenotypes and immune checkpoint expression,
whereas a conventional panel was used to assess cytokine pro-
duction by B cells (IL-10, IL-6, tumor necrosis factor [TNF-a])
after in vitro stimulation. This comprehensive method aimed
to identify potential rejection risk predictors by characterizing
both phenotypic and functional aspects of B cells in KTRs with
and without rejection and donor-specific antibodies (DSAs).

MATERIALS AND METHODS

Patient Selection

This retrospective study used patient data and materials
originally included during the PROCARE 1 multicenter study
conducted from 1995 to 2005.26 Our subsequent experiments
and analysis focused specifically on KTRs who underwent
transplantation at the University Medical Center Groningen
(UMCG) during the PROCARE 1 study period. KTRs were
divided into 2 groups based on their pretransplant DSA sta-
tus, with positive DSAs indicating high risk and negative DSAs
indicating standard risk. The study relied on previously col-
lected materials within the PROECARE consortium and the
TransplantLines biobank, adhering to the protocol approved
by the UMCG medical ethical committee (METc 2014/077)
and the Declaration of Helsinki principles.
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A total of 42 patients with pretransplant DSAs and 54
patients without them were identified for this study. The
patients were matched at the group level based on age, sex,
and induction therapy. The presence of DSAs was assessed
using the Luminex single antigen bead assay on serum sam-
ples. All transplants were conducted after negative T- and
B-cell complement-dependent cytotoxicity crossmatch tests.
Additionally, PBMC collection was performed using the
standard techniques at the transplant immunology labora-
tory of the UMCG, and HLA typing was performed for both
patients and their respective donors as part of the main con-
sortium study.2627 An overview of the baseline patient charac-
teristics is provided in Table 1.

Biological materials, including PBMCs and serum sam-
ples, were generally collected 6-36h before transplantation.
In certain instances where these samples were not available,
the most recent serum samples before transplantation were
used instead for DSA detection. Further details regarding
patient inclusion and the experimental design are provided
in Figure 1.

Biopsy and Rejection Assessment

In this study, indication biopsies from 58 KTRs were reas-
sessed using the 2019 BANFF scoring criteria to align with
current standards for defining rejection.?8 In cases where mul-
tiple biopsies were available for a single patient, the initial
biopsy that was previously evaluated as having or suspected
of having rejection based on the standards at the time was
reevaluated. The median time between transplantation and
biopsy was 19 d, with an interquartile range of 10 to 97 d.

Flow Cytometry

As shown in Figure 1, the protocol was divided into 2
parts: subset phenotyping using spectral flow cytometry
and cytokine production using classical flow cytometry. The
following section provides a detailed description of both
components.

Spectral Panel and Staining

A 35-color B-cell spectral flow cytometry panel, previously
described by Bonasia et al,2? was adapted for this study to
phenotype B-cell subsets and map the expression of surface
immune regulatory molecules. The panel was slightly adjusted
to fit the objective of this study, resulting in a 33-color panel
instead of 35. Cryopreserved PBMC staining was performed
using a slightly modified method to that outlined by Bonasia
et al?® to account for the new changes, with antibody con-
centrations determined through prior titration experiments.
Table S1 (SDC, http:/links.lww.com/TXD/A745) provides
a detailed summary of the concentrations and staining
sequence. After the staining procedure, the cell phenotype was
analyzed using a Cytek Aurora full spectrum flow cytometer
(Cytek Biosciences, CA), and 1 million events were examined
per sample. A healthy control sample was included in each
experiment to account for batch variations.

Manual Gating Analysis of Spectral Data

Spectral flow cytometry data were analyzed using manual
gating in the OMIQ (Dotmatics, Boston, MA) web pro-
gram (www.omiq.ai; 2024 interface). The identification of
CD19+CD20+- B cells and the subsequent subsets followed
previously published classification strategies®3* as well as


http://links.lww.com/TXD/A745
www.omiq.ai
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Patient and transplant baseline characteristics

Study population
Characteristics (n =96) Rejection (n = 31) No rejection (n = 65)
Age,y 448 +13.8 426 +125 449 +139
Female sex 50 (52%) 16 (52%) 34 (52%)
Kidney disease
Glomerulonephritis 27 (28%) 8 (26%) 19 (29%)
Cystic and congenital disease 16 (17%) 4 (13%) 12 (18%)
Vascular kidney disease 18 (19%) 7 (23%) 11 (17%)
Pyelonephritis and interstitial nephritis 13 (13%) 4 (13%) 9 (14%)
Diabetic kidney disease 5 (5%) 1(3%) 4 (6%)
Other 17 (18%) 7 (23%) 10 (15%)
Dialysis
Hemodialysis 52 (54%) 19 (61%) 33 (51%)
Peritoneal dialysis 41 (43%) 12 (39%) 29 (45%)
None 3(3%) 0 (0%) 3 (5%)
Dialysis time, y 41+ 341 39+31 40+3.0
Type of donor
Deceased 87 (91%) 29 (94%) 58 (89%)
Living 9 (9%) 2 (6%) 7 (11%)
Donor age, y 40.8 +15.5 417+155 408 +155
Cold ischemia time, h 19.5+ 8.6 195+84 195+87
Sensitizing events
Pregnancy only 31 (32%) 8 (26%) 23 (35%)
Retransplant only 28 (29%) 9 (29%) 19 (29%)
Pregnancy and retransplant 4 (4%) 2 (6%) 2 (3%)
Not sensitized or not known (unreported pregnancy, blood transfusion, etc) 33 (34%) 12 (35%) 21 (32%)
PRA
Pretransplant PRA, % 9.4+199 86+18.4 95+19.9
Highest PRA, % 238+318 226 +31.0 239+319
Induction therapy
Antithymocyte globulin 36 (38%) 8 (26%) 28 (43%)
Basiliximab 37 (39%) 10 (32%) 27 (42%)
Other 1 (1%) 1(3%) 0 (%)
No induction 22 (23%) 12 (39%) 10 (15%)
Maintenance immunosuppression type
Steroids 96 (100%) 31 (100%) 65 (100%)
Tacrolimus 19 (20%) 6 (19%) 13 (20%)
Cyclosporine 76 (79%) 25 (81%) 51 (78%)
Mycophenolate mofetil 87 (91%) 27 (87%) 60 (92%)
Other 3(3%) 2 (6%) 1(1%)
Immunological characteristics
Total HLA mismatches (HLA-A, -B, -DR; max 6) 26+14 26+14 2.6 +1.42
Class | (max 4) 1.8+1.1 1.7+1.1 18+1.14
Class Il (max 2) 08+06 0.81 0.6 0.8 = 0.61
Pretransplant DSA 42 (44%) 20 (65%) 22 (34%)
Immunodominant DSA type DQB1*04:02, DQA1*04:01 DQB1*04:02, DQA1*04:01 B*27:05
Immunodominant DSA mean fluorescence intensity 18700 18700 12800

Values are presented as n (%) or mean + SD.
DSA, donor-specific antibody; PRA, panel-reactive antibody.

the one detailed by Bonasia et al,? with a few modifica-
tions when necessary. Figure S1 (SDC, http://links.lww.com/
TXD/A745) provides a visual representation of the gating
strategy. The expression of immune regulatory markers in
B cells and subsets was determined through manual gating
of the median fluorescence intensity (MFI) using 2 distinct
approaches. For markers expressed by most or all B cells,
such as B cell activating factor receptor, FcRyIIB (CD32),
CD40, B- and T-lymphocyte attenuator, and CD22, gates for
positive MFI were established using the CD19+CD20+- B-cell

subset, with almost all cells within this gate included in the
analysis. In contrast, for markers expressed by only a frac-
tion of B cells, including transmembrane activator and CAML
interactor, Fc receptor-like protein 5, IL-6R, programmed cell
death protein 1, ICOSL, IL-21R, and CD86, a negative subset
(CD19-CD20-) was selected as a “blank” to define the MFI
positivity threshold. This threshold was then applied to assess
positive expression on the CD19+CD20+- B cells and subsets.
Figure S2 (SDC, http:/links.lww.com/TXD/A745) provides
an example of this gating process for both approaches.
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FIGURE 1. An overview of the experimental design, including patient selection and the technical approaches used in this study. Created with
BioRender.com. BAFF-R, B cell activating factor receptor; BTLA, B- and T-lymphocyte attenuator; DSA, donor-specific antibody; FCRL5, Fc
receptor-like protein 5; FcRylIB, Fc gamma receptor 1IB; ICOSL, inducible T-cell costimulator; IL-6, interleukin 6; IL-10, interleukin 10; IL-21R,
interleukin 21 receptor; PBMC, peripheral blood mononuclear cell; PD-1, programmed cell death protein 1; TACI, transmembrane activator and

CAML interactor; TNF-a, tumor necrosis factor alpha.

Cytokine Production and Staining

In the second part of the protocol, PBMCs were stimu-
lated in vitro to produce cytokines following a previously
published method.3! Subsequent to the stimulation, the cells
were stained for viability using Zombie UV Fixable Viability
dye (BioLegend), followed by surface marker staining with
antibodies against human CD3 (UCHT1; BioLegend), CD19
(HIB19, eBioscience), and CD22 (HIB22, BD Bioscience).
The cells were then fixed and permeabilized using the FIX &
PERM Cell Permeabilization Kit (Invitrogen, ThermoFisher
Scientific) and stained for intracellular cytokines with
fluorochrome-conjugated antibodies against IL-10 (JES3-9D7,
BioLegend), TNF-a (Mab11, BioLegend), and IL-6 (MQ2-
13A5, eBioscience). Intracellular cytokine production was
analyzed using a BD FACSymphony flow cytometer (BD
Biosciences, NJ), with 100 000 events examined per sample.
The brefeldin A-only samples were used as controls for gate
setting.

Manual Gating Analysis of Cytokine Data

The data generated from the cytokine production experi-
ments were analyzed using manual gating in OMIQ web pro-
gram. Initially, the B-cell subset (CD19+CD22+-) was gated from
the live CD3- cell population, then, the cytokine-producing
B cells within the main B-cell group were further classified
into distinct categories based on their cytokine production
profiles. Figure S3 (SDC, http://links.lww.com/TXD/A745)
provides a visual representation of the gating strategy.

Statistical Analysis

Statistical analyses and data visualization were performed
using SPSS (IBM Corp, NY) version 28 software, GraphPad
Prism (Dotmatics, Boston, MA) version 9.0 software, and
RStudio (R language version 4.3.2 with RStudio build 764;
Posit Software, Boston, MA). To compare the frequencies of
the B-cell subsets and cytokine-producing B cells, as well as
the MFI of the immune checkpoints, a Mann-Whitney U test

was used to identify statistical significance between groups.
The Benjamini and Hochberg false discovery rate (FDR) cor-
rection test with a Q value of 5% was used to account for
multiple hypothesis testing, with a P value of <0.05 consid-
ered to be statistically significant for all tests.

To assess whether the B-cell subsets were independently
associated with rejection, univariate and multivariate logistic
regression models were generated. In the univariate model,
predictors (ie, immunological or clinical baseline risk factors)
were individually associated with rejection using the Wald
test. Risk factors with a P value of <0.1 were then included
in the multivariate model. The final multivariate model was
established through a stepwise backward elimination until
each predictor showed an association with rejection with a P
value of <0.05.

To further explore the relationship between resting mem-
ory B cells in rejection patients, we used a multistep ana-
lytical approach. First, we used the Kruskal-Wallis test with
Benjamini and Hochberg FDR correction to compare patients
with and without pretransplant DSAs. Next, to determine
which type of rejection had a stronger correlation with rest-
ing memory B cells, we conducted Mann-Whitney U tests
(with FDR correction). These tests compared AMR (including
mixed cases) and T cell-mediated rejection (TCMR) patients
against the no-rejection group. We also assessed the influence
of transplantation eras on the association between resting
memory B cells and rejection using the same method. Finally,
to evaluate the impact of AMR timing and resting memory
B-cell percentages, we performed a Cox regression analysis.

A heatmap using the Ward clustering method was gen-
erated with the “tidyverse” R package to visualize the
immune regulatory checkpoints on B-cell subsets. The MFI
data were aggregated by computing log-transformed fold
changes (logFC) between different groups (eg, patients with
pretransplant DSA and those without). The resulting data
were scaled and visualized as a heatmap. Importantly, for
an immune regulatory checkpoint to be considered on a
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particular subset, at least 10 cells per sample needed to be
positive for the regulatory molecule to ensure reliability of
the reported data.

RESULTS

Biopsy Profiles and Patient and Graft Outcome
Measures

In this study, a total of 96 KTRs were included. Among
these, 58 patients underwent indication biopsies that were
assessed for rejection. The patient and transplant outcomes,
including allograft pathology data such as the Banff rejection
diagnosis, are depicted in Table 2. The study included cases
of AMR (n = 16) and TCMR (n = 15). Among the 16 patients
with AMR, 6 patients had mixed AMR/TCMR.

Graft outcomes including biopsy-proven rejection, the
overall patient survival, and death censored graft loss up
to 10 y posttransplant

Outcomes Study population (n = 96)
No. of indication biopsies assessed 58 (60%)
Rejection (all) 31 (32%)
Total TCMR (including double cases) 21 (22%)
IA 3 (3%)
B 6 (7%)
IIA 4 (4%)
IIB 3 (3%)
Borderline 5 (5%)
Total AMR (including double cases) 16 (17%)
Acute 10 (10%)
Chronic active 6 (7%)
Overall patient survival 66 (69%)
Graft survival 70 (73%)
Death censored graft loss 26 (27%)

AMR, antibody-mediated rejection; TCMR, T cell-mediated rejection.
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Analysis of the Frequencies of the Circulating B-cell
Subsets and Their Association With Pretransplant
DSAs and Rejection

In the first part of the analysis, we investigated whether
the presence of pretransplant DSAs affected the frequency
of circulating B cells (Figure 2). Our findings indicated
a trend toward decreased naive B-cell frequencies and
increased memory B-cell compartments, including memory
Bregs, resting memory, and unswitched memory in the pre-
transplant DSA group. However, these trends did not reach
statistical significance after corrections (P =0.14 for all).
In the second part of our analysis, we explored whether
variations in B-cell subset frequencies influenced transplant
outcomes, namely biopsy-proven rejection (Figure 3). In the
rejection group and after corrections, we observed a statis-
tically significant decrease in the frequency of naive B cells
(P=0.039) and an increased frequency of plasmablasts
(P =0.039). Additionally, the memory B-cell compartment
showed elevated frequencies in the general CD27+ mem-
ory B cells (P =0.039), memory Bregs (P = 0.037), resting
memory (P =0.037), and activated memory (P =0.037)
subsets. There was also a trend toward a higher frequency
of unswitched memory (IgM-+IgD+) and IgA-producing
memory B cells in the rejection group; however, this did not
reach statistical significance after correction (P = 0.057 for

both).

No Differences in the Frequencies of Cytokine-
producing B Cells

To determine whether the circulating B cells possess func-
tional properties, we examined their cytokine production
capacity alongside the immunophenotyping process. This was
achieved using cells from the spectrally phenotyped samples,
as depicted in Figure 1. We first evaluated whether the pres-
ence of pretransplant DSAs was linked to the cytokine profile
of circulating B cells after stimulation (Figure 4). Next, we
assessed whether specific frequencies of cytokine-producing B
cells influenced the occurrence of rejection (Figure 5). In both

LT R T T teeuinothe T pbosetz paiie COTEESP > 100%] mem  mwww Em IgA memary (IgM-gD-IgA+)
i .3 i i N CD19°CD20™" Beells gate No preTX DSA, n=54 =
'i: , ‘ i g E B ?t it e 59 o - .5 — = IgG m.emory (IgM-lgD-1gG+)
P =0 e R Beells (CO19°CD20%) 213 025 NA = 3 Unswitched memory (IgM+IgD+)
o oy Yy Vo e 659 s | om 2 75%1 £ Transitional Breg (CD24hiCD38hi)
‘ ’ . = ’ e - - 2 =3 Transitional B cells (CD38+CD27-)
SU— [— [N weismpmeces, Plasma Colls (CD138-CD27) = 008 016 2
. , - . Transitional B ells arr oer e ® 3 Plasma cells (CD138+CD27+)
i l ; 114 : : i‘ i é‘ f:;nrcl:::;eg(cuzmum o 099 099 o 50% . Naive (CD38-CD27-)
N B i s 2 o = Memory B cells (CD27+)
/}///,/ /;J/ //;,/ /://'r' Memory Beells (CD27°) f;g 0.08 0.16 :E = Memory Breg (CDZ4h|CD27+)
p y - M (CD24%CD27 0.01 0.1 £ .
emory Bogl ’ 145 N = ®= Double negatives (CD27-IgD-)
R . (cD271gD) = 088 099 2
. . - 106 > 25%q Resting Memory (CD21+CD27+)
i} - . 1 i i | Resting Memory (CD21°CD27") Jed 0.04 0.14 o -
fi [ I ) g e — 261 c 3 Activated Memory (CD27+CD21-)
i fi I _LL ] (cb27°CD21) 386 S Wi g
vl i s '/ 7 Tissue-like Memory (CD21 6.44 o054 059 4 Bl Plasmablasts (CD27hiCD38hi)
'l 4 cD21) 545 ; - _ —— . .
S Vol Vo4 V4 —— 0 YR L gy 3 Tissue-like Memory (CD21-CD27-)
l“—_-—'—'""-" e : - 196 by o 026 0@)" &0‘"‘.
I . 0.55
ity 1 i : i it | - Plasmablasts (CD27~CD38") o 024 0.38 & &
(EF T T EF ¥ S B R B e & &
7 L 7 i o Q@‘o d‘éé
- o V4 Ve ®
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analyses, we found no significant differences in the frequen-  but did not observe differences between KTRs in either the

cies of B cells producing IL-6, IL-10, and TNF-a after stimula-
tion. The ratio of anti- to proinflammatory cytokines (and vice
versa) has been studied before in transplantation as another
measure of the immune function of B cells.!s Therefore, we
explored the ratio of IL-10 to TNF-« in this study as well

pretransplant DSA analysis (Figure 4) or the rejection analy-
sis (Figure 3). Although no statistically significant differences
were observed, the analysis confirmed that these B cells pos-
sess functional capabilities, as they produced both pro- and
anti-inflammatory cytokines on stimulation.
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No Differences in the Expression of Inmune
Regulatory Molecules on Circulating B Cells and
Subsets

We aimed to determine whether the circulating B cells in
the included KTRs exhibited variations in their immune regu-
latory molecules. Our analysis began with a comparison of
the expression of these molecules within the CD19+CD20+- B
cells among KTRs with and without DSAs, and those with
and without rejection. We found no significant differences in
MFI values between these groups, as illustrated in Figures 6
and 7. Next, we extended our investigation to examine the
expression of these checkpoints within each B-cell subset. Our
analysis revealed no statistically significant differences in the
expression of these immune regulatory molecules within the
B-cell subsets. To provide a clearer visualization of checkpoint
expressions within the subsets, we constructed heatmaps pre-
senting the logFC in expression. These heatmaps are displayed
in Figure S4 (SDC, http:/links.lww.com/TXD/A745) for the
pretransplant DSA analysis and Figure S5 (SDC, http://links.
lww.com/TXD/A745) for the rejection analysis.

Resting Memory B-cell Frequencies are Associated
With Rejection

The results in Figure 3 indicate that the distribution of
B-cell subsets could have a more pronounced influence on
the occurrence of rejection. To further explore whether the
impact of the frequency of the B-cell subsets on rejection was
independent of other factors, we conducted univariate and
multivariate logistic regression analyses. A detailed overview
of the results of the univariate and multivariate analyses are

presented in Table 3. The final model revealed that, in addition
to pretransplant DSA status (P = 0.02; odds ratio [OR], 3.10),
the frequencies of resting memory B cells (CD27+CD21+) were
significantly associated with rejection (P =0.01; OR, 1.07).
The result of this analysis was interesting because it indicated
that each additional percentage of resting memory B cells was
associated with 7% higher risk of developing rejection, sug-
gesting a potentially harmful effect of these memory B cells on
the transplant outcomes.

Resting Memory B Cells: Further Insights Into Their
Relationship With Rejection

Since the multivariate model revealed an interesting link
between resting memory B cells and rejection, we conducted
further analyses to explore this relationship for a more
nuanced understanding.

First, we determined if the association between resting
memory B cells and rejection differed in older versus newer
samples from KTRs. Most of our samples (76%; n = 73) were
from 2000 to 2005, with the remainder from 1995 to 1999.
To examine potential differences, we divided the samples into
2 groups: an older era (1995-1999, n = 23) and a newer era
(2000-20035, n = 73). Using the Mann-Whitney test, we ana-
lyzed the influence of resting memory B-cell frequencies on
rejection in both groups. The older rejection group (n=8)
showed a median of 33.95%, whereas the newer rejection
group (n = 23) had a median of 17.70%, both with a P value
of 0.032 after FDR correction. These findings suggest that
the association between resting memory B cells and rejec-
tion remains consistent across differing transplantation eras.
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Univariate and multivariate analyses using basic logistic regression models of the rejection predictors, namely baseline

characteristics and B-cell subsets

Univariate analysis

Multivariate analysis

Variable 0dds ratio (95% CI) P 0dds ratio (95% ClI) P
Age (1-y increase) 0.98 (0.95-1.01) 0.33
Sex
Female 1 -
Male 1.03 (0.44-2.42) 0.95
Induction therapy
No 1 -
Yes 0.23(0.11-0.78) 0.014
Donor age (1-y increase) 0.99 (0.97-1.03) 0.85
Donation type
Live 1 -
Deceased 1.75(0.34-8.96) 0.50
Prior kidney transplant
No 1 -
Yes 1.15(0.47-2.84) 0.76
Pregnancy
No 1 -
Yes 0.60 (0.17-2.13) 0.43
Cold ischemia time (1-h increase) 1.01 (0.96-1.06) 0.67
No. of HLA mismatches 1.08 (0.79-1.46) 0.62
Pretransplant DSA
No 1 - 1 -
Yes 3.55(1.45-8.72) 0.006 3.10 (1.21-7.95) 0.02
Time to biopsy (1-y increase) 1.08 (0.93-1.26) 0.30
B-cell subsets (1% increase)
Naive 0.96 (0.93-0.99) 0.02
Memory 1.04 (1.00-1.07) 0.03
Memory Bregs 1.05(1.01-1.09) 0.01
Resting memory 1.08 (1.03-1.13) 0.002 1.07 (1.02-1.12) 0.01
Plasmablasts 217 (1.12-4.21) 0.02
Activate memory 1.05(0.96-1.16) 0.27

The bolded values indicate statistical significance.
Breg, regulatory B cell; Cl, confidence interval; DSA, donor-specific antibody.

Interestingly, the older group exhibited a higher percentage
of pretransplant resting memory B cells, despite having fewer
cases of AMR. This unexpected result could be due to various
factors, such as changes in PBMC isolation protocols or modi-
fications to induction therapy regimens over time.

We then assessed whether the association with rejection
was independent of DSAs. Our findings indicated that rest-
ing memory B cells were significantly elevated in both rejec-
tion groups compared with the no-rejection group, with the
rejection with DSAs (n =20) showing a median of 23.8%
(P =0.05) and the rejection without DSAs (n = 11) showing
a median of 17.7% (P = 0.05). Notably, there was no signifi-
cant difference in resting memory B-cell levels between the 2
rejection groups (P = 0.81), which corroborated our findings
from Figure 2.

Next, we examined the specific type of rejection associ-
ated with these cells. The AMR group (n =16) exhibited a
statistically significant increase in resting memory B-cell fre-
quencies compared with the no-rejection group (median 27%
versus 15.3%, P = 0.03), whereas the TCMR group (n = 15)
showed elevated levels that were not statistically significant
(median 17.7% versus 15.3%, P = 0.08). This suggested that

the elevated resting memory B-cell levels observed in the total
rejection group (n =31) were primarily driven by the AMR
cases.

Finally, we investigated the connection between resting
memory B-cell frequency and rejection timing using a Cox
regression analysis. In this study, most rejection cases (27/31)
occurred within the first 2 y posttransplant. Only a few
patients (n = 4) experienced rejection later: 3 developed AMR
and 1 developed TCMR at more distant time points. Because
our previous analysis revealed that resting memory B cells
were closely associated with AMR rather than TCMR, our
Cox regression focused only on AMR cases. We first assessed
the relation between timing of AMR and resting memory B
cells across all cases (n=16) as depicted in (Figure 8) and
found no clear statistical association (P =0.15; OR, 1.03).
However, when we excluded cases occurring >5 y posttrans-
plant (n = 3), a stronger association emerged (P = 0.04; OR,
1.05), indicating that higher frequencies of resting memory B
cells were significantly linked to early AMR (Figure 9). These
findings suggest that resting memory B cells could serve as
potential indicators for early rejection risk, particularly in
cases of early AMR.
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FIGURE 8. Cox regression analysis linking AMR timing with resting
memory B-cell frequencies during 15y, showing a nonsignificant trend
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FIGURE 9. Cox regression analysis linking AMR timing with resting
memory B-cell frequencies during 18 mo, revealing a significant
association (P =0.04) and OR of 1.05. AMR, antibody-mediated
rejection; OR, odds ratio.

DISCUSSION

The analysis of B-cell subset composition in peripheral
blood offers valuable insights into an individual’s immune sta-
tus and helps illustrate the role of immune cells in transplant
outcomes. Our study used this potential by using a compre-
hensive 33-color spectral flow cytometry panel and a func-
tional in vitro stimulation assay to investigate the distribution
of B-cell subsets, their regulatory molecules expression, and
associated cytokine production in KTRs. We specifically
examined the relationship of these circulating B cells with pre-
transplant DSAs and posttransplant rejection. By combining
these advanced techniques, our study contributes to a more
nuanced understanding of B cells in transplantation, paving
the way for improved risk assessment approaches.

The analysis of the spectral flow cytometry data revealed
variations in B-cell subset frequencies among groups with and
without rejection. Our results revealed differences in frequen-
cies of memory B cells, naive B cells, and plasmablasts, with
the most notable differences observed in the resting memory
B cells. Evidence from published studies suggests that memory
B-cell frequencies tend to increase in patients who develop

www.transplantationdirect.com

rejection, particularly AMR. Irure-Ventura et al'¢ reported
significantly higher pretransplant levels of switched mem-
ory B cells in patients who developed AMR compared with
no-rejection patients. They also observed a reduced ratio of
naive to memory B cells in AMR patients compared with no-
rejection patients and healthy controls, suggesting decreased
frequencies of naive B cells in KTRs with AMR.1¢ Louis et al3
demonstrated that activated memory B cells (CD27+CD21-)
coexpressing T-bet were associated with AMR due to their dif-
ferentiation into antibody-producing plasma cells. Although
our study did not replicate these specific findings for the active
and the switched (represented by IgG+ and IgA+) memory B
cells, we observed an increase in other memory B-cell subsets
in patients with biopsy-proven rejection. Of particular interest
were the resting memory B cells, which our analysis identi-
fied as significantly and independently associated with rejec-
tion (specifically with early AMR), alongside pretransplant
DSA status. Resting memory B cells (defined as CD45+CD19
+CD21+CD27+)32 are long-persisting, highly proliferative cells
capable of rapid expansion and antibody production upon
activation.3233 Their role in transplantation is not well under-
stood, but they likely contribute to DSA production, key
mediators of rejection.3234 This finding is interesting for future
risk assessment techniques in kidney transplantation, given
that the current practice primarily focuses on serum HLA
antibody detection, potentially neglecting the cellular aspect.

We also assessed the potential variations in the frequency
of transitional B cells (CD38") between the rejection and
no-rejection groups and found no statistical associations,
which was in line with previous findings in other studies that
assessed this in pretransplant PBMCs of KTRs.+3336 However,
because our study did not include posttransplant samples, we
cannot ascertain whether a posttransplant association exists
(namely at the 3 mo posttransplant) as reported in the litera-
ture, wherein a decrease in the transitional B-cell population
was linked to biopsy-proven rejection.3537

Finally, we examined the relationship between pretrans-
plant DSA and B-cell subset distribution. Although not statis-
tically significant, we observed trends suggesting an increase
in memory B-cell subsets (CD27+ memory, unswitched mem-
ory, memory Breg, and resting memory) and a decrease in
naive B cells in patients with pretransplant DSAs. These find-
ings, although novel in the context of pretransplant peripheral
blood analysis in KTRs, align with previous posttransplant
studies. For instance, Fouza et al and Fischman et al reported
increased memory B-cell frequencies and decreased naive B
cells at the time of DSA detection or shortly thereafter in post-
transplant KTRs.383° Although not reaching statistical signifi-
cance, these trends suggest a potential contribution of the shift
in B-cell subset distribution to the production of pretransplant
DSAs.

Our analysis found no significant differences in immune
checkpoint expression on B cells and subsets between KTRs
with and without pretransplant DSAs or biopsy-proven rejec-
tion, which contradicts previous studies linking them to bet-
ter transplant outcomes.!¢40 This discrepancy may arise from
differences in study design, insufficient statistical power, or
the complex nature of immune regulation in transplanta-
tion. Similarly, our examination of B-cell cytokine production
revealed no significant differences in the frequencies of pro-
inflammatory (IL-6 and TNF-a) or anti-inflammatory (IL-10)
cytokines among groups. This contrasts with prior research
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associating higher IL-10-producing B cells with better out-
come and vice versa.!s It is important to note that our analysis
was broader (we considered the entire CD19+CD20+- B-cell
population) rather than focusing solely on Bregs, which could
explain the differences in findings.

Although our study, which combines spectral flow cytom-
etry with functional cytokine production assays, provided
novel insights into B cells, pretransplant DSAs, and rejection
in KTRs, it was not without limitations. The retrospective
design might have introduced sampling biases, emphasizing
the need for validation through a prospective cohort study.
Additionally, the study results may be influenced by its reli-
ance on materials from an earlier era of kidney transplan-
tation. Although we found consistent association between
resting memory B cells and rejection across older and newer
transplantation eras, advancements in transplantation
protocols, including more sensitive risk assessment meth-
ods and improved immunosuppressive medications, have
occurred since then that could potentially have altered the
likelihood of rejection occurrence in more recent transplant
cases. For instance, the unavailability of Luminex SAB at
the time prevented pretransplant DSA detection, potentially
affecting rejection risk assessment. Moreover, the prevalent
use of cyclosporine instead of the more effective tacrolimus
for maintenance immunosuppression may have impacted
rejection rates. The cross-sectional nature of the study also
limited our ability to observe changes in B-cell populations
over time or examine the impact of immunosuppressive
medications on our findings. These factors should be con-
sidered when interpreting the results and their applicability
to current transplantation practices. In addition, the influ-
ence of HLA epitope mismatch was not examined, espe-
cially with regard to the generation of de novo DSAs, as we
lacked posttransplant materials for examination. Evidence
from published studies indeed suggests that high epitope
mismatch, particularly for class I HLA, increases immune
sensitivity to donor HLA antigens, potentially leading to
alloimmune responses. This increased sensitivity can result
in the activation of memory B cells and the production of
DSAs.#4142 Therefore, we could not rule out this effect and
its potential influence on the occurrence of rejection in this
cohort. Furthermore, although we examined cytokine pro-
duction, more extensive functional assays, such as assess-
ing the ability of resting memory B cells to produce HLA
antibodies including DSAs, could deepen our understanding
of their role in rejection. These limitations offer opportuni-
ties for future research which could provide more robust
and broader insights into the role of B cells in transplant
outcomes.
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