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Profiling of circulating immune cells provides valuable insight to the pathophysiology of
acute rejection in organ transplantation. Herein we characterized the peripheral blood
mononuclear cells in simultaneous kidney-pancreas transplant recipients.We conducted a
retrospective analysis in a biopsy-matched cohort (n = 67) and compared patients with
biopsy proven acute rejection (BPAR; 41%) to those without rejection (No-AR). We
observed that CD3+ T cells, both CD8+ and CD4+, as well as CD19+ B cells were
increased in patients with BPAR, particularly in biopsies performed in the early post-
transplant period (<3months). During this period immune subsets presented a good
discriminative ability (CD4+ AUC 0.79; CD8+ AUC 0.80; B cells AUC 0.86; p < 0.05) and
outperformed lipase (AUC 0.62; p = 0.12) for the diagnosis of acute rejection. We further
evaluated whether this could be explained by differences in frequencies prior to
transplantation. Patients presenting with early post-transplant rejection (<3months) had
a significant increase in T-cell frequencies pre-transplant, both CD4+ T cells and CD8+
T cells (p < 0.01), which were associated with a significant inferior rejection-free graft
survival. T cell frequencies in peripheral blood correlated with pancreas acute rejection
episodes, and variations prior to transplantation were associated with pancreas early acute
rejection.
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INTRODUCTION

Immune profiling in solid organ transplant recipients has
contributed to an increase in the understanding of the
pathophysiology of acute rejection (1). This approach has also
lead to novel insights in other solid organs transplants, such as
kidney (2–5), liver (6), heart (7), and lung transplantation (8, 9).
There have been several studies highlighting the relevance of
subsets of T cells and B cells on the outcome of organ
transplantation (4, 5, 10, 11). This understanding of transplant
immunology has led to the development of strategies to mitigate
immunosuppression side effects, by identification of donor-
specific B and T cells prior to transplantation and adjusting
immunosuppression accordingly (12), or through the
treatment with regulatory cell therapies (13).

Immune profiling and functional characterization of
peripheral blood mononuclear cells (PBMCs) in kidney
transplant recipients (KTRs) provides relevant information
regarding induced immunosuppressive status (14), and
immunological risk (2, 15, 16, 17), and correlate with long-
term graft survival (3). Despite the simplicity of PBMCs
phenotyping compared to functional (12, 18), and genetic
analysis (19, 20), their characterization have been crucial to
unravel the pathophysiology of rejection and tolerance (21,
22). We now know that regulatory T (Tregs) (17) and B cells
(Bregs) (23) are both increased in immune tolerant patients, and
that T (17), B (19), and NK (24) cell subsets in peripheral blood
correlate with graft acute rejection.

Simultaneous Pancreas Kidney transplantation (SPKTx) is the
best treatment alternative for patients with insulin-dependent

diabetes mellitus (DM) and end stage renal disease (ESRD) (25,
26). Pancreas graft rejection remains as the leading cause of graft
failure after the first 90 days, with acute rejection incidences up to
21% in the first 12 months (27–31). Several risk factors for acute
rejection have been identified, such as are donor age, pancreas
cold ischemia time, donor cause of death (32), transplantation
type (29, 30), and the presence of donor specific antibodies (DSA)
(33–35). Despite a high incidence of acute rejection, peripheral
blood immune profiling during acute rejection episodes is scarce.

Herein we present a study aiming at characterizing circulating
leukocytes in recipients of simultaneous pancreas-kidney
transplantation. The main objectives were to explore the
differential expression of circulating leukocytes during episodes
of pancreas acute rejection, and to explore the correlation
between the pre-transplant rates of different leukocytes subsets
and the development of acute rejection in the early post-
transplant period.

MATERIALS AND METHODS

Study Design and Patient’s Population
Peripheral bloodmononuclear cells (PBMCs) were collected from
pancreas transplant recipients admitted for pancreas
transplantation and at the time of pancreas graft biopsies.
Biopsies were performed either for-cause or for surveillance.
Blood collection was performed prior to the transplant or the
biopsy procedure. For this study we conducted a retrospective
analysis using the stored patient samples. Collection and use of
patient blood samples for the current study was approved by local
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ethical IRB board (HCB_2016_0479) and was conducted in full
adherence to the Declaration of Helsinki. All patients provided
written informed consent to participate in the study.

Between January 2017 and December 2019 a total of
108 pancreas graft biopsies were performed in our center. We
excluded all samples in which a biopsy-matched blood sample
was not obtained (n = 17), and those in which graft biopsy could
not be performed or sample was not suitable for histological
diagnosis (n = 24). During the same period a total of
15 simultaneous pancreas-kidney transplants were performed,
from which PBMCs were available both at 1) the day of
transplantation; and 2) pancreas graft biopsy performed within
the first 3 months (either for surveillance or for cause, whichever
was first).

Pancreas Graft Biopsies and Blood
Samples
For cause biopsies were indicated according to hospital´s
protocol–1) >3xs increase in serum amylase or lipase; 2)
hyperglycemia (fasting blood glucose >120 mg/dl); 3) de novo
donor-specific antibodies (DSA); or 4) de novo anti-glutamic acid
decarboxylase antibodies (GAD). Surveillance biopsies were
performed according to center protocol at 3 weeks and at
12 months after transplantation, or as surveillance 4 weeks
following the completion of the treatment for an acute
rejection episode. Samples were obtained by ultrasound-guided
percutaneous needle punch. Histological and
immunohistochemical evaluation of pancreas graft biopsies
was performed according to the 2011 Banff criteria (36, 37).

Blood samples were obtained contemporaneously to pancreas
graft biopsy and used to measure glucose (mg/dl), amylase (U/L),
lipase (U/L), creatinine (mg/dl), C-Peptide (ng/ml), HbA1C (%),
and anti-GAD (U/ml). Serum samples at time of biopsy were
screened for HLA class I and II antibodies using the Lifecodes
LifeScreen Deluxe flow bead assay (Immucor, Stamford, CT,
United States). Antibody specificities, including the presence of
DSA, were determined using the Lifecodes Single Antigen bead
assay (Immucor, Stamford, CT, United States) in patients with
positive screening for HLA antibodies.

Characterization of Circulating Leukocytes
Blood samples were collected in two separate EDTA tubes and
processed separately. In one red blood cells (RBCs) were removed
from whole blood samples with RBC lysis buffer (Invitrogen™)
and cells were resuspended at a concentration of 106/ml in
complete MACS buffer to determine a broad spectrum of
leukocytes. In the other, PBMCs were isolated from whole
blood samples by standard Ficoll density gradient (Ficoll-
Paque premium, GE healthcare Bio-Science AB) and were
resuspended at a concentration of 106/ml in complete MACS
buffer to determine T and B cell subsets. Six different panels were
designed aiming at interrogating the immune cells for markers of
cell activity, memory, and differentiation, with focus on T and
B cells. The gating of T cell subsets and B cell subsets are defined
in Supplementary Figure S1. Cell surface markers were stained
with antibodies indicated in Supplementary Table S1, and used

according to the instructions of the manufacturer. Except for the
leukocyte panel, Aqua Live/Dead fixable dead cell kit (Thermo
Fisher Scientific, Waltham, MA, United States) was used
unambiguously to remove dead cells. Flow cytometry analysis
was performed on a FACS Canto II (BD Biosciences, Heidelberg,
Germany). Data were analyzed using FlowJo software (Tree Star,
Ashland, OR, United States).

Immunosuppression Protocol
Induction therapy was used in all patients with rabbit anti-human
lymphocytes polyclonal antibodies (Thymoglobulin 1.25 mg/kg/
d for 4 consecutive days), and maintenance immunosuppression
protocol with tacrolimus, mycophenolate, and prednisone.
Prednisone withdrawal was attempted between months 3–6 in
all patients with low immunological risk, absence of acute
rejection episodes during the first 90 days, and good tolerance
to mycophenolate treatment doses.

Statistical Analysis
Comparisons of median measurements were performed using
Mann-Whitney U test and p value < 0.05 was considered
statistically significant. Kaplan–Meier was used to estimate
unadjusted patient, graft, and rejection-free survivals and
compared using log-rank test. Binominal logistic regression
was used to calculate odds ratio, and Cox proportional
regression performed to estimate grafts’ hazards. Statistical
analysis was performed using SPSS (version 22, IBM,
United States) software, with all tests 2-tailed and significance
considered if p < 0.05.

RESULTS

Immune Profile in the Peripheral Blood at
Pancreas Acute Rejection
A total of 67 biopsy-matched (biopsy-proven acute rejection
[BPAR] n = 28; No rejection n = 39) PBMCs samples were
performed during the period analyzed. Most biopsies were
performed per protocol (52%) or surveillance following
treatment of an acute rejection (AR) episode (23%), and
performed for-cause in 18 cases (25%), with a median time
from transplant to biopsy of 11.9 months [IQR 0.9–13.8]. At
time of biopsy 18 patients (28%) presented DSA. Patients with a
BPAR had higher lipase (p < 0.001) and glucose levels (p = 0.02),
without differences in serum creatinine nor amylase, compared to
those without AR. The demographics and immunological
parameters at time of biopsy are described in detail in Table 1.

Phenotypic characterization of immune cells by flow
cytometry showed a significant increase of T cells
(CD3+CD19−CD56−) (p = 0.0187) in BPAR compared to those
without AR (Figures 1A,B), including CD8+ (CD3+CD8+CD4−;
p = 0.007) and CD4+ (CD3+CD4+CD8−; p = 0.0459) T cell
lineages (Figures 1C,D). The only T cell subsets significantly
increased in patients with BPAR were CD8+ naïve and central
memory (Figure 2A), and CD4+ naïve (Figure 2B). No other
major differences within the CD8+ or CD4+ lineages were
observed between groups, neither TCRαβ+ nor TCRγδ+ (p >
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0.05). The percentage of B cells (CD19+CD3−) was higher in
BPAR group compared to biopsies without signs of rejection (p =
0.005) (Figure 1E). A deeper analysis of B cell subsets using anti-
CD27 and anti-IgD antibodies revealed that both naive and
classical memory B cells were increased in patients with BPAR
(Figure 2C; Supplementary Figure S1B). In addition, the
percentages of NK (CD3−CD56+), of NKT (CD3+CD56+) and
monocytes (CD14+) were not different between those with or
without BPAR (Figures 1F,G).

CD4+ and CD8+ T Cells Discriminate Early
Acute Rejection
Having identified that both CD8+ andCD4+ T cells, as well as B cells,
were increased at the time of acute rejection, we explored their ability
to classify between those with and without BPAR. In a receiver
operating curve analysis, both CD4+ (AUC 0.66 [95% CI 0.53–0.80];
p = 0.027), CD8+ (AUC 0.68 [95% CI 0.54–0.82]; p = 0.017), and
B cells (AUC 0.69 [95% CI 0.55–0.83]; p = 0.012) presented a poor
discriminative capacity. Most relevant, lipase outperformed any of
the cell markers (AUC 0.72 [95% CI 0.58–0.85]; p = 0.004). We then

evaluated whether timing post-transplant could influence the
correlation between immune cell subtypes and acute rejection
episodes. We observed that in biopsies performed in the early
post-transplant period (<90 days) CD3+ T cells were increased in
patients with T cell mediated rejection compared to those without
rejection (Figure 3A), with a tendency towards an increase also in
patients with indeterminate for rejection. Within this period T cells
(AUC 0.80 [95% CI 0.61–1.0]; p = 0.012), both CD4+ (AUC
0.79 [95% CI 0.59–0.99]; p = 0.014) and CD8+ (AUC 0.80 [95%
CI 0.62–0.99]; p = 0.012), and B cells (AUC 0.86 [95% CI 0.69–1.0];
p = 0.003) outperformed lipase for the diagnosis of acute rejection
(AUC 0.62 [95% CI 0.38–0.86]; p = 0.12) (Figure 3B).

Concomitant Kidney Graft Rejection
Since patients included in the analysis were recipients of
simultaneous kidney-pancreas transplantation, we assessed
whether there were concomitant kidney graft rejections at the
time points evaluated, either concordant with pancreas graft
rejection in BPAR group, or discordant in the no rejection
group. Since per hospital policy simultaneous biopsies to both
organs are not performed, we observed that in only one case there

TABLE 1 | Patients’ demographics in biopsy-related samples.

Overall (n = 67) No-AR (n = 39) BPAR (n = 28) P

Age at biopsy (years) 40.9 ± 9.7 40.5 ± 8.7 41.4 ± 11.1 0.75
Gender (male;%) 55% 51% 61% 0.30
Type of Transplant 0.27
SPK (%) 87% 85% 89%
PAK (%) 13% 15% 11%
Indication for biopsy (n[%]) 0.053
For-cause 17 (25%) 10 (26%) 7 (25%)
Surveillance post-rejection 15 (23%) 5 (13%) 10 (36%)
Per protocol 3 weeks 18 (27%) 11 (28%) 7 (25%)
Per protocol 12 months 17 (25%) 13(33%) 4 (14%)
Time to biopsy (months) 11.9 [0.9–13.8] 12 [0.9–13.3] 11.5 [1.2–19.2] 0.37
cPRA (%)
Class I 0 [0–16] 0 [0–11] 0.81
Class II 16 [0–51] 0 [0–46] 0.49
Total 45 [0–54] 22 [0–60] 0.99
DSA (yes; n [%]) 19 (28%) 8 (21%) 11 (38%) 0.40
De novo (% of DSA+) 92% 75% 100%
Amylase (U/L) 99 [73–145] 100 [73–140] 98 [73–166] 0.51
Lipase (U/L) 45 [30–82] 38 [24–63] 69 [49–144] <0.001
Glucose (mg/ml) 89 [79–108] 85 [76–96] 93 [81–116] 0.023
HbA1C (%) 5.6 ± 1.6 5.7 ± 1.5 5.4 ± 1.7 0.90
C-Peptide (ng/ml) 3.3 [2.3–4.6] 3.5 [2.4–4.9] 2.8 [2.1–4.6] 0.26
Anti-GAD (U/mL) 0.3 [0.1–2.7] 0.3 [0.1–3.4] 0.2 [0.1–2.6] 0.86
sCreatinine (mg/dl) 1.29 ± 0.6 1.40 ± 0.7 1.14 ± 0.4 0.23
eGFR (ml/min/1.73 m2) 70 ± 24 66 ± 27 76 ± 20 0.15

Immunosuppression
Prednisone 94% 92% 97% 0.15
Tacrolimus 97% 97% 96% 0.64
Mycophenolate 94% 95% 93% 0.67
Sirolimus 8% 5% 11% 0.46

Banff Category
No rejection 58%
Indeterminate 10.4% n = 7
Acute Cellular grade 1 20.9% n = 14
Acute cellular grade 2 7.5% n = 5
Acute cellular grade 3 1.5% n = 1
Antibody mediated rejection 1.5% n = 1
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was a concomitant (on consecutive days) kidney graft biopsy,
which was concordant with severe T cell mediated rejection -
grade IIA in the kidney and grade 3 in the pancreas graft. Though
serum creatinine is not a sensitive marker for kidney graft
rejection, in particular subclinical rejection, we explored

whether there were unperceived differences between groups.
Both groups presented similar serum creatinine (BPAR 1.14 ±
0.71 vs. no AR 1.40 ± 0.37 mg/dl) at time of pancreas graft biopsy
(Table 1). Moreover, no differences between groups were
observed when patients were stratified by indication for and

FIGURE 1 | Immune cell lineages during acute rejection episodes. Gating strategy for the characterization of circulating leukocytes (A). CD3+ (B) CD8+ (C), and
CD4+ (D) T cells; B cells (E), NK cells (F), and NKT cells (G) have been presented as percentages of total CD45+ cells in n = 28 biopsy-matched blood samples with acute
rejection and n = 39 without rejection. Box plots were calculated using unpaired Mann–Whitney U test. *p < 0.05; **p < 0.01; ***p < 0.001. Mean with SEM.
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histological classification of pancreas graft biopsy (for cause vs.
surveillance; BPAR vs. no rejection; p > 0.05).

Immune’ Profiling at Pancreas
Transplantation
Having identified that the discriminative ability of T cells in
peripheral blood was particularly pronounced in the early post-
transplant period, we explored whether these could be associated
with an increased relative number prior to transplantation, or a
resistance to T-cell depleting therapy. To do so we performed the
immune profile from 15 patients who received a first
simultaneous pancreas-kidney transplantation (SPK) and had a
biopsy performed during the first 3 months after transplantation.
Five had BPAR (3M-AR), whereas the remaining 10 had normal
graft biopsies (No-AR).

At the time of transplantation, 3M-AR patients showed a
significant increase of T cell populations (CD3+, CD8+ and CD4+;
p < 0.005) (Figure 4A). However, the percentage of B and NK
cells were comparable in both groups (Figure 4A). More detailed
analyzes on T and B cell subsets using surface markers revealed
that 3M-AR patients had higher levels of TCRαβ+ naive T cells,
either CD4+ and CD8+ cells, and memory CD4+ T cells compared
to patients without rejection (Figure 5).

To evaluate the response to T-cell depleting therapy,
thymoglobulin, we firstly analyzed the total lymphocyte
depletion in peripheral blood during the first days after
transplantation. The reduction and subsequent lymphocyte
recovery was similar between both groups (Figure 4B) during
the first 14 days after transplant. Nonetheless, at time of first
biopsy (BPAR median 0.7 months, no rejection median
1.2 months; p = 0.12), the reduction in T cells, particularly in

FIGURE 2 | T and B cell subsets during acute rejection episodes. Relative frequencies of CD8+ T cell subsets (A): CD8 Central memory (CM,
CD3+CD8+CD45RA−CD62L+), CD8 Effector memory (EM, CD3+CD8+CD45RA−CD62L−), CD8 Naive (CD3+CD8+CD45RA+CD62L+), CD8 terminal differentiated
effector memory (TEMRA, CD3+CD8+CD45RA+CD62L−). Relative frequencies of CD4+ T cell subsets (B): CD4 Central memory (CM, CD3+CD4+CD45RA−CD62L+),
CD4 Effector memory (EM, CD3+CD4+CD45RA−CD62L−), CD4 Naive (CD3+CD4+CD45RA+CD62L+). Relative frequencies of B cell subsets (C): naïve
(CD27−IgD+), unswitched memory (CD27+IgD+), classic memory (CD27+IgD−) and double negative CD27−IgG− cells. Biopsy-matched blood samples from patients with
a biopsy proven acute rejection (BPAR) has been compared to those without rejection (No AR). Box plots were calculated using unpaired Mann–Whitney U test. *p <
0.05; **p < 0.01. Mean with SEM.
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CD8+ T cells, was higher in those with BPAR compared to no
rejection group (Figures 4C,D).

T Cells at Transplantation Correlate With
Early Acute Rejection
We then explored whether immune profiling at pancreas
transplantation (D0) could correlate with the risk of acute
rejection early after transplantation. Having identified that in
peripheral blood both CD8+ and CD4+ T cells, as well as B cells,
were increased during early acute rejection episodes, we explored
their ability to classify those at risk for early acute rejection prior
to transplantation. In a receiver operating curve analysis, both
CD4+ (AUC 0.94 [95% CI 0.82–1.0]; p = 0.007) and CD8+ (AUC
0.88 [95% CI 0.70–1.0]; p = 0.020) presented good discriminative
capacity, whereas B cells failed (AUC 0.70 [95% CI 0.42–0.98]; p =
0.221) (Figure 6A). At cut-off of 6%, CD3+ T cells presented a
sensitivity of 100% and a specificity of 70% for the diagnosis of
acute rejection. We then stratified patients according to CD3+

T cells at time of transplantation. Those with CD3+ T cells >6%
presented an inferior rejection-free graft survival (at 3 months
43% vs. 100% in those with CD3+ =<6%; Log-rank p = 0.037), and
a 15 times superior risk for an acute rejection during the first year
(HR 14.9 [95% CI 2.4–92.4]; p = 0.04) (Figure 6B).

DISCUSSION

The work herein presented aimed at exploring the immune
profiling of peripheral blood mononuclear cells and their
correlation with acute rejection episodes in kidney-pancreas
transplant recipients. Though an exploratory analysis, we were
able to identify that during acute rejection episodes, CD4+ and
CD8+ T cells, as well as CD19+ B cells, were increased compared
to those without rejection. Moreover, we were able to identify that

patients who developed an early acute rejection episode had
higher T cells (either CD3+, CD4+, and CD8+) at the time of
transplantation compared to the rest.

The finding of a positive correlation between the presence of
an increased number of T and B cells during pancreas acute
rejection episodes was somewhat expected, since it translates a
normal immune response during inflammatory conditions,
increasing both T and B cell trafficking as a response to local
cytokine release. This may explain the increase in CD8+ naïve
T cells, but not in other activation or differentiation subsets, such
as effector memory T cells. This discordance between the
activation and clonality of both T cells (20) and B cells (19) in
peripheral blood when compared to those infiltrating the graft has
been described in kidney transplantation, and may partially
explain the limited ability of these cell subsets to discriminate
between those with and without pancreas acute rejection, and halt
its use as biomarker for acute rejection.

T-cell depleting agents have been widely used as induction
therapy in pancreas transplantation in most centers worldwide
(38) leading to a reduction in the incidence of acute rejection.
Despite the use of thymoglobulin (a T-cell depleting polyclonal
antibodies) as induction therapy, we identified that during early
pancreas acute rejection episodes both T and B cell subsets
presented a good capacity to discriminate between those with
BPAR and those without rejection. There are some cell subsets
that have been reported to be resistant depletion by T-cell
depleting agents. Mouse anti-thymocyte globulin (mATG)
preferential depletes naïve T cells, resulting in an increased
ratio of regulatory and memory T cells within 1 day after
mATG administration (39). In a mouse model of kidney
transplant, ATG was effective in depleting T cells, but favored
the expansion of T follicular helper cells following depletion.
Treatment with ATG also increased germinal center B cells and
lead to higher titers of antigen-specific antibodies compared to
controls (40). Though a small percentage of those who receive a

FIGURE 3 | T and B cell subsets in early pancreas graft rejection. Relative frequencies of CD19+ B cells, CD3+ T cells, and its subsets CD4+ and CD8+ T cells (A) in
patients with biopsies performed during the first 3 months after pancreas transplantation, and correlation with histological classification. Receiver operating curve (ROC)
performed to discriminate the ability of B and T cell subsets in peripheral blood to discriminate pancreas acute rejection in the first 3 months after pancreas
transplantation (B). Box plots were calculated using unpaired Mann–Whitney U test. *p < 0.05; **p < 0.01; ***p < 0.001. Mean with SEM.
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de novo simultaneous kidney-pancreas transplant is sensitized
(20%), pre-transplant work up is based only on humoral response
(anti-HLA antibodies), and no functional cellular analysis was
performed to determine the presence of donor-specific memory
T cells at time of transplantation.

T cells subpopulations have been described to correlate with
the risk of acute rejection after kidney transplantation (2). In
our study we identified those patients with pre-transplant
CD3+ T cells >6% presented an increased the risk for
pancreas acute rejection during the first year up to
15 times. The small sample size halts the extrapolation of
these data to clinical practice. These results concur with a
recent study from Chellappa et al, which also identified that
patients’ who develop acute rejection during the first year after
transplantation present at the time of transplant an increase in
activated CD3+ T cells, both CD4+ and CD8+ (38). As

postulated previously, this might be correlated to the
presence of donor-specific memory T cells prior to
transplantation. Moreover, it must be taken into
consideration that most pancreas transplant recipients had
type 1 diabetes mellitus (T1D). T1D is an autoimmune disease
that may relapse after pancreas transplantation, and the
presence of islet specific T cells identified in peripheral
blood during relapse in the pancreas graft. Yet considered
in pancreas transplantation, may be a potential role
autoimmunity triggering an alloimmune response.
Pancreatic beta cells express major histocompatibility type
II (MHC-II) and during inflammatory conditions may
behave as antigen presenting cells (APC) (41). In mouse
models of islet transplantation, activation of auto-reactive
T cells leads to rejection of the islet graft mediated by
alloreactivity (42). Hence, to which extent the herein

FIGURE 4 | Immune cell lineages at time of transplantation. At time of transplantation, patients who eventually developed an acute rejection episode during the first
3 months post-transplant (3M-AR) presented a higher rate of CD3+, CD8+, and CD4+ T cells (p < 0.01) compared to those without rejection (No AR). No differences were
observed on B cells, nor NK cells (A). Significant decrease of total lymphocyte count in whole blood during the first days due to the use of T -cell depleting antibodies (B),
stratified by those who presented an acute rejection episode during the 3 months (3M-AR) compared to those without rejection (no AR) proven by biopsy. Delta in
peripheral blood CD4+ and CD8+ T cell frequencies from the time of transplant to the day of first biopsy, stratified by presence (3M-AR) or absence (No AR) of acute
rejection–individual patient data (C) and average of cohort (D). Box plots were calculated using unpaired Mann–Whitney U test. *p < 0.05; **p < 0.01; ***p < 0.001. Mean
with SEM.
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identified increase in peripheral blood CD4+ memory T cells at
time of transplantation may translate an increase in auto-
reactive T cells and subsequent graft rejection remains to be
addressed.

Another relevant finding in our study was the increase in
CD19+ B cells in patients with acute rejection. The diagnosis of
antibody-mediated rejection (ABMR) in pancreas
transplantation, and according to the Banff classification
(36), depends on the presence of characteristic histological
lesions, presence of C4d staining, and circulating DSA. The
later correlate not only with an increased risk for graft failure
(33, 34), but their presence has also been associated with sub-

clinical acute rejection episodes. In our study we have
identified that during acute rejection episodes CD19+ B cells
were increased, despite having only one case of biopsy-proven
acute rejection. Nonetheless, up to 38% had DSA at the time of
biopsy. In a series of pancreas graft performed per protocol
biopsies, Uva et al identified that 54% of the patients did not
present signs of acute rejection despite having circulating DSA
(43). These results correlate with another recent study in
which, exploring a gene set to evaluate the expression of
ABMR in pancreas graft biopsy, there was no correlation
between the presence of DSA and ABMR gene expression
(44). Finally, we have recently reported that donor-derived

FIGURE 5 | T and B cell subsets at time of transplantation. Relative frequencies of T cell subsets in TCRαβ (A): CD8 naïve (CD3+CD8+CD45RA+CDRO−),
CD8 memory (CD3+CD8+CD45RA−CDRO+), CD4 naïve (CD3+CD8+CD45RA+CD45RO−), CD4 memory (CD3+CD8+CD45RA−CD45RO+) cells. Relative frequencies of
B cell subsets (B): naïve (CD27−IgD+), unswitched memory (CD27+IgD+), classic memory (CD27+IgD−) and double negative CD27−IgG- cells. Blood samples from
patients at time of transplantation who presented a biopsy proven acute rejection during the first 3 months (3M-AR) has been compared to those without rejection
during the same period (No AR). Box plots were calculated using unpaired Mann–Whitney U test. *p < 0.05; **p < 0.01. Mean with SEM.

FIGURE 6 | Discriminative ability for early acute rejection of T cell subsets at time of transplantation. ROC curve performed to discriminate the ability of CD3+ T cell
count at transplantation to correlate with pancreas acute rejection at 3 months after transplantation (A). Kaplan-Meier estimated pancreas rejection-free graft survival
according to CD3+ T cell frequencies at the time of transplantation (B). Box plots were calculated using unpaired Mann–Whitney U test. *p < 0.05; **p < 0.01; ***p <
0.001. Mean with SEM.
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cfDNA was increased in patients with DSA despite the absence
of signs of ABMR in graft biopsy (45). Altogether, these studies
highlight that histological ABMR may be underdiagnosed in
pancreas transplantation, and is important to design larger
studies in patients with pancreas ABMR aiming at exploring
the molecular and genetic biomarkers, and more in depth
functional analysis of peripheral blood mononuclear cells. NK
cells, which were proportionally similar between those with
and without pancreas acute rejection, have been described as
key players in ABMR and chronic ABMR in kidney
transplantation (46).

The authors would like to highlight some additional
limitations to this study. The first and most relevant relies
on the small single center cohort, which limits the validity of
the results and their extrapolation to other populations.
Despite the longitudinal design, pancreas transplantation is
a minority procedure, with a median of 15 procedures/year
performed at our center. This study was also not designed to
perform a longitudinal evaluation of circulating leukocytes at
different time-point of the post-transplant period, which may
bias interpretation of subsets of populations in biopsies
performed early after transplantation due to the use of
induction therapy with T-cell depleting agent. Despite this
limitation, on the longitudinal study only first SPK transplant
recipients were included, and the observed correlation of
T cells at transplantation with post-transplant outcomes is
not biased by immunosuppression. Moreover, the high acute
rejection rate observed in our population may be related to the
fact that almost a third relied on clinical criteria, which may
have led to an overdiagnosis and treatment. Finally, in biopsy-
related samples, indication for biopsy was dependent on the
attending physician criteria, which may differ from other
centers practices.

In conclusion, to the authors’ knowledge this is the first study
aiming at exploring immune cell profiling in kidney-pancreas
transplant recipients and their correlation with pancreas graft
acute rejection. These results pave the way towards more in depth
studies that may further characterize these cellular populations
and ultimately lead to the individualization of
immunosuppression.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusion of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the Research Ethics Committee fromHospital Clinic

de Barcelona. The patients/participants provided their written
informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

PV-A, JR, MJR-B, AG-C, and MJR contributed to the
conception and design of the study. PV-A, JR, MJR-B, EB-
M, NH-G, and ML-R contributed to the acquisition and
analysis of data for the work. PV-A, JR, MJR-B, GP, EM-
M, DC, IR, MC, JC, MJR, FD, and AG-G contributed to the
interpretation of data for the work. PV-A, JR, MJR-B, AG-C,
and MJR wrote the first draft of the manuscript. All authors
contributed to the manuscript revision, read, and approved
the submitted version.

FUNDING

This study has been funded by a research grant from the
Spanish Ministry of Science and Innovation (PI16-00167 of
Instituto Salud Carlos III). This study has been partially
funded by Redes Tematicas de Investigacion Cooperativa En
Salud, REDINREN (RD16/0009/0023) co-funded by ISCIII
Subdirección General de Evaluación and Fondo Europeo de
Desarrollo Regional (FEDER) “Una manera de hacer Europa,”
and Secretaria d’Universitats i Recerca and CERCA
Programme del Departament d’Economia i Coneixement de
la Generalitat de Catalunya (2017-SGR-1331). This work has
been developed at the Centre de Recerca Biomèdica Cellex,
Barcelona, Spain.

CONFLICT OF INTEREST

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

ACKNOWLEDGMENTS

We are indebted to the Cytometry and cell sorting facility of the
Institut d’Investigacions Biomèdiques August Pi i Sunyer
(IDIBAPS) for technical help.

SUPPLEMENTARY MATERIAL

The SupplementaryMaterial for this article can be found online at:
https://www.frontierspartnerships.org/articles/10.3389/ti.2022.
10639/full#supplementary-material

Transplant International | Published by Frontiers November 2022 | Volume 35 | Article 1063910

Rovira et al. Circulating Leukocytes in Pancreas Transplantation

https://www.frontierspartnerships.org/articles/10.3389/ti.2022.10639/full#supplementary-material
https://www.frontierspartnerships.org/articles/10.3389/ti.2022.10639/full#supplementary-material


REFERENCES

1. Liu Y, Liu X, Zhou S, Xu R, Hu J, Liao G, et al. Single-Cell Profiling of Kidney
Transplant Recipients with Immunosuppressive Treatment Reveals the
Dynamic Immune Characteristics. Front Immunol (2021) 12:639942.
doi:10.3389/fimmu.2021.639942

2. San Segundo D, Millan O, Munoz-Cacho P, Boix F, Paz-Artal E, Talayero P,
et al. High Proportion of Pretransplantation Activated Regulatory T Cells
(CD4+CD25highCD62L+CD45RO+) Predicts Acute Rejection in Kidney
Transplantation: Results of a Multicenter Study. Transplantation (2014)
98(11):1213–8. doi:10.1097/TP.0000000000000202

3. San Segundo D, Fernandez-Fresnedo G, Rodrigo E, Ruiz JC, Gonzalez M,
Gomez-Alamillo C, et al. High Regulatory T-Cell Levels at 1 Year
Posttransplantation Predict Long-Term Graft Survival Among Kidney
Transplant Recipients. Transpl Proc (2012) 44(9):2538–41. doi:10.1016/j.
transproceed.2012.09.083

4. Veronese F, Rotman S, Smith RN, Pelle TD, Farrell ML, Kawai T, et al.
Pathological and Clinical Correlates of FOXP3+ Cells in Renal Allografts
during Acute Rejection. Am J Transpl (2007) 7(4):914–22. doi:10.1111/j.1600-
6143.2006.01704.x

5. Kollins D, Stoelcker B, Hoffmann U, Bergler T, Reinhold S, Banas MC, et al.
FOXP3+ Regulatory T-Cells in Renal Allografts: Correlation with Long-Term
Graft Function and Acute Rejection. Clin Nephrol (2011) 75(2):91–100.

6. Toby TK, Abecassis M, Kim K, Thomas PM, Fellers RT, LeDuc RD, et al.
Proteoforms in Peripheral Blood Mononuclear Cells as Novel Rejection
Biomarkers in Liver Transplant Recipients. Am J Transpl (2017) 17(9):
2458–67. doi:10.1111/ajt.14359

7. Starling RC, Stehlik J, Baran DA, Armstrong B, Stone JR, Ikle D, et al.
Multicenter Analysis of Immune Biomarkers and Heart Transplant
Outcomes: Results of the Clinical Trials in Organ Transplantation-05
Study. Am J Transpl (2016) 16(1):121–36. doi:10.1111/ajt.13422

8. Durand M, Lacoste P, Danger R, Jacquemont L, Brosseau C, Durand E, et al.
High Circulating CD4(+)CD25(hi)FOXP3(+) T-Cell Sub-population Early
after Lung Transplantation Is Associated with Development of
Bronchiolitis Obliterans Syndrome. J Heart Lung Transpl (2018) 37(6):
770–81. doi:10.1016/j.healun.2018.01.1306

9. Coiffard B, Pelardy M, Loundou AD, Nicolino-Brunet C, Thomas PA,
Papazian L, et al. Effect of Immunosuppression on Target Blood Immune
Cells within 1 Year after Lung Transplantation: Influence of Age on T
Lymphocytes. Ann Transpl (2018) 23:11–24. doi:10.12659/aot.906372

10. Ibrahim EH, Aly M, Morath C, Sayed DM, Ekpoom N, Opelz G, et al.
Relationship of Transitional Regulatory B and Regulatory T Cells and
Immunosuppressive Drug Doses in Stable Renal Transplant Recipients.
Immun Inflamm Dis (2021) 9(4):1252–71. doi:10.1002/iid3.473

11. Ibrahim EH, Aly MG, Opelz G, Morath C, Zeier M, Susal C, et al. Higher
CD19+CD25(+) Bregs Are Independently Associated with Better Graft
Function in Renal Transplant Recipients. BMC Nephrol (2021) 22(1):180.
doi:10.1186/s12882-021-02374-2

12. Bestard O, Cruzado JM, Lucia M, Crespo E, Casis L, Sawitzki B, et al.
Prospective Assessment of Antidonor Cellular Alloreactivity Is a Tool for
Guidance of Immunosuppression in Kidney Transplantation. Kidney Int
(2013) 84(6):1226–36. doi:10.1038/ki.2013.236

13. Sawitzki B, Harden PN, Reinke P, Moreau A, Hutchinson JA, Game DS, et al.
Regulatory Cell Therapy in Kidney Transplantation (The ONE Study): a
Harmonised Design and Analysis of Seven Non-randomised, Single-Arm,
Phase 1/2A Trials. Lancet (2020) 395(10237):1627–39. doi:10.1016/S0140-
6736(20)30167-7

14. Papp G, Boros P, Nakken B, Szodoray P, Zeher M. Regulatory Immune Cells
and Functions in Autoimmunity and Transplantation Immunology.
Autoimmun Rev (2017) 16(5):435–44. doi:10.1016/j.autrev.2017.03.011

15. Luque S, Lucia M, Melilli E, Lefaucheur C, Crespo M, Loupy A, et al. Value of
Monitoring Circulating Donor-Reactive Memory B Cells to Characterize
Antibody-Mediated Rejection after Kidney Transplantation. Am J Transpl
(2019) 19(2):368–80. doi:10.1111/ajt.15055

16. Gandolfini I, Crespo E, Baweja M, Jarque M, Donadei C, Luque S, et al. Impact
of Preformed T-Cell Alloreactivity by Means of Donor-specific and Panel of

Reactive T Cells (PRT) ELISPOT in Kidney Transplantation. PLoS One (2018)
13(7):e0200696. doi:10.1371/journal.pone.0200696

17. Braza F, Dugast E, Panov I, Paul C, Vogt K, Pallier A, et al. Central Role of
CD45RA- Foxp3hi Memory Regulatory T Cells in Clinical Kidney
Transplantation Tolerance. J Am Soc Nephrol (2015) 26(8):1795–805.
doi:10.1681/ASN.2014050480

18. Udomkarnjananun S, Kerr SJ, Townamchai N, van Besouw NM, Hesselink
DA, Baan CC. Donor-specific ELISPOT Assay for Predicting Acute Rejection
and Allograft Function after Kidney Transplantation: A Systematic Review and
Meta-Analysis. Clin Biochem (2021) 94:1–11. doi:10.1016/j.clinbiochem.2021.
04.011

19. Pineda S, Sigdel TK, Liberto JM, Vincenti F, Sirota M, Sarwal MM.
Characterizing Pre-transplant and post-transplant Kidney Rejection Risk by
B Cell Immune Repertoire Sequencing. Nat Commun (2019) 10(1):1906.
doi:10.1038/s41467-019-09930-3

20. Aschauer C, Jelencsics K, Hu K, Heinzel A, Gregorich MG, Vetter J, et al.
Prospective Tracking of Donor-Reactive T-Cell Clones in the Circulation and
Rejecting Human Kidney Allografts. Front Immunol (2021) 12:750005. doi:10.
3389/fimmu.2021.750005

21. Baeten D, Louis S, Braud C, Braudeau C, Ballet C, Moizant F, et al. Phenotypically
and Functionally Distinct CD8+ Lymphocyte Populations in Long-TermDrug-free
Tolerance and Chronic Rejection in Human Kidney Graft Recipients. J Am Soc
Nephrol (2006) 17(1):294–304. doi:10.1681/ASN.2005020178

22. Li Y, Koshiba T, Yoshizawa A, Yonekawa Y, Masuda K, Ito A, et al. Analyses of
Peripheral Blood Mononuclear Cells in Operational Tolerance after Pediatric
Living Donor Liver Transplantation. Am J Transpl (2004) 4(12):2118–25.
doi:10.1111/j.1600-6143.2004.00611.x

23. Nova-Lamperti E, Chana P, Mobillo P, Runglall M, Kamra Y, McGregor R,
et al. Increased CD40 Ligation and Reduced BCR Signalling Leads to
Higher IL-10 Production in B Cells from Tolerant Kidney Transplant
Patients. Transplantation (2017) 101(3):541–7. doi:10.1097/TP.
0000000000001341

24. Xu X, Han Y, Huang H, Bi L, Kong X, Ma X, et al. Circulating NK Cell Subsets
and NKTlike Cells in Renal Transplant Recipients with Acute Tcellmediated
Renal Allograft Rejection. Mol Med Rep (2019) 19(5):4238–48. doi:10.3892/
mmr.2019.10091

25. Ojo AO, Hanson JA, Wolfe RA, Leichtman AB, Agodoa LY, Port FK. Long-
term Survival in Renal Transplant Recipients with Graft Function. Kidney Int
(2000) 57(1):307–13. doi:10.1046/j.1523-1755.2000.00816.x

26. Gruessner RW, Sutherland DE, Gruessner AC. Mortality Assessment for
Pancreas Transplants. Am J Transpl (2004) 4(12):2018–26. doi:10.1111/j.
1600-6143.2004.00667.x

27. Uva PD, Papadimitriou JC, Drachenberg CB, Toniolo MF, Quevedo A, Dotta
AC, et al. Graft Dysfunction in Simultaneous Pancreas Kidney Transplantation
(SPK): Results of Concurrent Kidney and Pancreas Allograft Biopsies. Am
J Transpl (2019) 19(2):466–74. doi:10.1111/ajt.15012

28. Dong M, Parsaik AK, Kremers W, Sun A, Dean P, Prieto M, et al. Acute
Pancreas Allograft Rejection Is Associated with Increased Risk of Graft Failure
in Pancreas Transplantation. Am J Transpl (2013) 13(4):1019–25. doi:10.1111/
ajt.12167

29. Niederhaus SV, Leverson GE, Lorentzen DF, Robillard DJ, Sollinger HW,
Pirsch JD, et al. Acute Cellular and Antibody-Mediated Rejection of the
Pancreas Allograft: Incidence, Risk Factors and Outcomes. Am J Transpl
(2013) 13(11):2945–55. doi:10.1111/ajt.12443

30. Ventura-Aguiar P, Ferrer J, Revuelta I, Paredes D, de Sousa-Amorim E, Rovira
J, et al. Pancreas Outcomes between Living and Deceased Kidney Donor in
Pancreas after Kidney Transplantation Patients. Nephrol Dial Transpl (2018)
33(11):2052–9. doi:10.1093/ndt/gfy133

31. Sollinger HW, Odorico JS, Becker YT, D’Alessandro AM, Pirsch JD. One
Thousand Simultaneous Pancreas-Kidney Transplants at a Single center with
22-year Follow-Up. Ann Surg (2009) 250(4):618–30. doi:10.1097/SLA.
0b013e3181b76d2b

32. Kopp WH, Verhagen MJ, Blok JJ, Huurman VA, de Fijter JW, de Koning
EJ, et al. Thirty Years of Pancreas Transplantation at Leiden University
Medical Center: Long-Term Follow-Up in a Large Eurotransplant Center.
Transplantation (2015) 99(9):e145–51. doi:10.1097/TP.
0000000000000604

Transplant International | Published by Frontiers November 2022 | Volume 35 | Article 1063911

Rovira et al. Circulating Leukocytes in Pancreas Transplantation

https://doi.org/10.3389/fimmu.2021.639942
https://doi.org/10.1097/TP.0000000000000202
https://doi.org/10.1016/j.transproceed.2012.09.083
https://doi.org/10.1016/j.transproceed.2012.09.083
https://doi.org/10.1111/j.1600-6143.2006.01704.x
https://doi.org/10.1111/j.1600-6143.2006.01704.x
https://doi.org/10.1111/ajt.14359
https://doi.org/10.1111/ajt.13422
https://doi.org/10.1016/j.healun.2018.01.1306
https://doi.org/10.12659/aot.906372
https://doi.org/10.1002/iid3.473
https://doi.org/10.1186/s12882-021-02374-2
https://doi.org/10.1038/ki.2013.236
https://doi.org/10.1016/S0140-6736(20)30167-7
https://doi.org/10.1016/S0140-6736(20)30167-7
https://doi.org/10.1016/j.autrev.2017.03.011
https://doi.org/10.1111/ajt.15055
https://doi.org/10.1371/journal.pone.0200696
https://doi.org/10.1681/ASN.2014050480
https://doi.org/10.1016/j.clinbiochem.2021.04.011
https://doi.org/10.1016/j.clinbiochem.2021.04.011
https://doi.org/10.1038/s41467-019-09930-3
https://doi.org/10.3389/fimmu.2021.750005
https://doi.org/10.3389/fimmu.2021.750005
https://doi.org/10.1681/ASN.2005020178
https://doi.org/10.1111/j.1600-6143.2004.00611.x
https://doi.org/10.1097/TP.0000000000001341
https://doi.org/10.1097/TP.0000000000001341
https://doi.org/10.3892/mmr.2019.10091
https://doi.org/10.3892/mmr.2019.10091
https://doi.org/10.1046/j.1523-1755.2000.00816.x
https://doi.org/10.1111/j.1600-6143.2004.00667.x
https://doi.org/10.1111/j.1600-6143.2004.00667.x
https://doi.org/10.1111/ajt.15012
https://doi.org/10.1111/ajt.12167
https://doi.org/10.1111/ajt.12167
https://doi.org/10.1111/ajt.12443
https://doi.org/10.1093/ndt/gfy133
https://doi.org/10.1097/SLA.0b013e3181b76d2b
https://doi.org/10.1097/SLA.0b013e3181b76d2b
https://doi.org/10.1097/TP.0000000000000604
https://doi.org/10.1097/TP.0000000000000604


33. Mittal S, Page SL, Friend PJ, Sharples EJ, Fuggle SV. De Novo donor-specific
HLA Antibodies: Biomarkers of Pancreas Transplant Failure. Am J Transpl
(2014) 14(7):1664–71. doi:10.1111/ajt.12750

34. Malheiro J, Martins LS, Tafulo S, Dias L, Fonseca I, Beirao I, et al. Impact of De
Novo Donor-specific Anti-HLA Antibodies on Grafts Outcomes in
Simultaneous Pancreas-Kidney Transplantation. Transpl Int (2016) 29(2):
173–83. doi:10.1111/tri.12687

35. Cantarovich D, De Amicis S, Akl A, Devys A, Vistoli F, Karam G, et al.
Posttransplant Donor-specific Anti-HLA Antibodies Negatively Impact
Pancreas Transplantation Outcome. Am J Transpl (2011) 11(12):2737–46.
doi:10.1111/j.1600-6143.2011.03729.x

36. Drachenberg CB, Torrealba JR, Nankivell BJ, Rangel EB, Bajema IM, Kim DU,
et al. Guidelines for the Diagnosis of Antibody-Mediated Rejection in Pancreas
Allografts-Updated Banff Grading Schema. Am J Transpl (2011) 11(9):
1792–802. doi:10.1111/j.1600-6143.2011.03670.x

37. Kandaswamy R, Stock PG, Miller J, Skeans MA, White J, Wainright J, et al.
OPTN/SRTR 2019 Annual Data Report: Pancreas. Am J Transpl (2021) 21(2):
138–207. doi:10.1111/ajt.16496

38. Chellappa S, Kushekhar K, Hagness M, Horneland R, Tasken K, Aandahl EM.
The Presence of Activated T Cell Subsets Prior to Transplantation Is
Associated with Increased Rejection Risk in Pancreas Transplant
Recipients. J Immunol (2021) 207(10):2501–11. doi:10.4049/jimmunol.
2001103

39. Ruzek MC, Neff KS, Luong M, Smith KA, Culm-Merdek K, Richards SM,
et al. In Vivo characterization of Rabbit Anti-mouse Thymocyte Globulin: a
Surrogate for Rabbit Anti-human Thymocyte Globulin. Transplantation
(2009) 88:170–9. doi:10.1097/TP.0b013e3181abc061

40. Gassen RB, Borges TJ, Pérez-Sáez MJ, Zhang H, Al Jurdi A, Llinàs-Mallol L,
et al. T Cell Depletion Increases Humoral Response Favoring T Folicular
Helper Cells Expansion. Am J Transpl (2022) 22(7):1766–78.

41. Li Y, Sun F, Yue TT, Wang FX, Yang CL, Luo JH, et al. Revisiting the Antigen-
Presenting Function of β Cells in T1D Pathogenesis. Front Immunol (2021) 12:
690783. doi:10.3389/fimmu.2021.690783

42. Burrack AL, Landry LG, Siebert J, Coulombe M, Gill RG, Nakayama M.
Simultaneous Recognition of Allogeneic MHC and Cognate Autoantigen by
Autoreactive T Cells in Transplant Rejection. J Immunol (2018) 200(4):
1504–12. doi:10.4049/jimmunol.1700856

43. Uva PD, Quevedo A, Roses J, Toniolo MF, Pilotti R, Chuluyan E, et al. Anti-
Hla Donor-specific Antibody Monitoring in Pancreas Transplantation: Role of
Protocol Biopsies. Clin Transpl (2020) 34(8):e13998. doi:10.1111/ctr.13998

44. Roufosse C, Drachenberg C, Renaudin K, Willicombe M, Toulza F, Dominy K,
et al. Molecular Assessment of Antibody-Mediated Rejection in Human Pancreas
Allograft Biopsies. Clin Transpl (2020) 34(11):e14065. doi:10.1111/ctr.14065

45. Ventura-Aguiar P, Ramirez-Bajo MJ, Rovira J, Banon-Maneus E, Hierro N, Lazo
M, et al. Donor-derived Cell-free DNA Shows High Sensitivity for the Diagnosis of
Pancreas Graft Rejection in Simultaneous Pancreas-Kidney Transplantation.
Transplantation (2022) 106:1690–7. doi:10.1097/TP.0000000000004088

46. Koenig A, Chen CC, Marcais A, Barba T, Mathias V, Sicard A, et al. Missing Self
Triggers NK Cell-Mediated Chronic Vascular Rejection of Solid Organ
Transplants. Nat Commun (2019) 10(1):5350. doi:10.1038/s41467-019-13113-5

Copyright © 2022 Rovira, Ramirez-Bajo, Bañón-Maneus, Hierro-Garcia, Lazo-
Rodriguez, Piñeiro, Montagud-Marrahi, Cucchiari, Revuelta, Cuatrecasas,
Campistol, Ricart, Diekmann, Garcia-Criado and Ventura-Aguiar. This is an
open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s)
are credited and that the original publication in this journal is cited, in accordance
with accepted academic practice. No use, distribution or reproduction is permitted
which does not comply with these terms.

Transplant International | Published by Frontiers November 2022 | Volume 35 | Article 1063912

Rovira et al. Circulating Leukocytes in Pancreas Transplantation

https://doi.org/10.1111/ajt.12750
https://doi.org/10.1111/tri.12687
https://doi.org/10.1111/j.1600-6143.2011.03729.x
https://doi.org/10.1111/j.1600-6143.2011.03670.x
https://doi.org/10.1111/ajt.16496
https://doi.org/10.4049/jimmunol.2001103
https://doi.org/10.4049/jimmunol.2001103
https://doi.org/10.1097/TP.0b013e3181abc061
https://doi.org/10.3389/fimmu.2021.690783
https://doi.org/10.4049/jimmunol.1700856
https://doi.org/10.1111/ctr.13998
https://doi.org/10.1111/ctr.14065
https://doi.org/10.1097/TP.0000000000004088
https://doi.org/10.1038/s41467-019-13113-5
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Immune Profiling of Peripheral Blood Mononuclear Cells at Pancreas Acute Rejection Episodes in Kidney-Pancreas Transplant R ...
	Introduction
	Materials and Methods
	Study Design and Patient’s Population
	Pancreas Graft Biopsies and Blood Samples
	Characterization of Circulating Leukocytes
	Immunosuppression Protocol
	Statistical Analysis

	Results
	Immune Profile in the Peripheral Blood at Pancreas Acute Rejection
	CD4+ and CD8+ T Cells Discriminate Early Acute Rejection
	Concomitant Kidney Graft Rejection
	Immune’ Profiling at Pancreas Transplantation
	T Cells at Transplantation Correlate With Early Acute Rejection

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Conflict of Interest
	Acknowledgments
	Supplementary Material
	References


