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A B S T R A C T

Background: The role of CD19+CD24highCD38high B-regulatory cells in solid-organ Transplant (Tx) in accep-
tance are still scarce. In previous studies on kidney transplant recipients may suggest a protective role of this cell
subtype in graft tolerance and the existence of a cross talk between B-and T-regulatory clones. In lung trans-
plantation, the role of B-regulatory cells has never been investigated. In a murine tracheal transplantation model,
this subset seems able to prevent tracheal obliteration when in combination with rapamycin. Aim of this study is
to analyze peripheral CD19+CD24highCD38high B-reg cells counts in a cohort of lung recipients, their association
with several clinical and pharmacological variables and their possible association with T regulatory cell.
Methods: From Jan 2009 to Dec 2014, 117 lung Tx recipients were submitted to an immunological follow up I-
FU(median: 108.7months (6.7–310.5)). Immunological follow up consisted of a complete blood peripheral
immuno-phenotype, inclusive of CD19+CD24highCD38high B-cells (globally 1106 determinations). We tested the
association between B-reg and relevant variables by linear or regression models for repeated measures, adjusting
for time from Tx.
Results: Among all variables analyzed at multivariate analysis: chronic rejection (OR− 0.19, p= .039), use of
Mycophenolate (OR− 0.38, p < .001) and the presence of a concomitant pulmonary infection of S. aureus (OR
0.66, p= .002) and A. fumigatus (OR 0.50, p= .009) were significantly associated to B-reg cell.

No significant correlation between CD19+CD24highCD38high B-reg cells and T-reg cells counts was found in
our cohort.
Conclusions: Our present data highlight, for the first time, that this cell subset might participate in long-term
lung graft acceptance mechanisms.

1. Introduction

Lung transplant (Tx) is the only therapy for patients with end-stage
lung diseases. Long-term survival of the graft is hampered by the oc-
currence of chronic rejection, that occurs in nearly 50% of patients by
the 5th post-Tx year [1]. According to the most recent classification,
there are two major clinical phenotypes of chronic rejection: bronch-
iolitis obliterans syndrome (BOS) an obstructive form that accounts for
nearly 70% of cases, [2] and the restrictive allograft syndrome (RAS), a
restrictive form responsible of 18–30% of cases, characterized by a
worse outcome with respect to BOS [3,4].

Both phenotypes are a result of several different injuries to the graft,
entailing chronic airway/interstitial inflammation [5] and ultimately
leading to an exuberant and unrelenting fibro-reparative process [6].
Although, recent evidence ascribes an important pathogenic role to
non-specific inflammatory mechanisms, the relevance of specific im-
munity has been clearly established [7,8]. Effector T cells have long
been recognized as critical mediators of rejection and can be regulated
and inhibited by several population of regulatory lymphocytes [9].
Among these, CD4+CD25high regulatory T cells (T-reg) are the best-
studied mediators of tolerance [9]. Experimental evidence in animals
have strongly suggested that lung graft acceptance is associated to an
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intra-graft [10,11] and peripheral [12] CD4+CD25high T-reg cell ex-
pansion. In a previous work, we reported in a retrospective and long-
itudinal study that variation of peripheral CD4+CD25highCD127- T-reg
cell counts can predict CLAD onset/progression [13] and other studies
have confirmed our data [14].

Besides regulatory T cells, some recent reports highlighted the role
of B-cell regulatory subsets as possible mediators of graft acceptance
[15,16]. Within B-regulatory populations (B-reg): the subset of im-
mature B-cell, phenotypically characterized as
CD19+CD24highCD38high has been described at peripheral level in
healthy individuals [17,18]. This subset is characterized by the release
of high amount of IL-10 (much higher than other B-reg cell subsets) and
by the ability to suppress Th1 and Th17 differentiation [19] and con-
vert CD4+ T cells into T-regs and Tr1 cells [18].

Evidences on the role of this B-reg cell subset in transplant accep-
tance are still scarce. A recent cellular analyses in kidney transplant
recipients demonstrated a higher level of naive and transitional B-cells
but not of memory B-cells (CD19+IgD− CD38+/−CD27+) in the
peripheral blood of tolerant patients without immunosuppressive
treatment, compared with immunosuppressed patients with stable graft
function, [20] thus suggesting a protective role of this cell subtype in
graft tolerance.

This observation has been subsequently confirmed by Silva and coll.
[21], while the role of induction treatment as well as calcineurin in-
hibitor –based regimen on the regulation of B-reg cell counts in kidney
recipients has been hypothesized [22]. In addition, recent reports
suggested the existence of a cross talk between B-and T-regulatory
clones [23].

As for lung transplantation, the role of B-regulatory cells has not yet

been investigated in vivo, the only evidence being a report on a murine
tracheal transplantation model showing that rapamycin was able to
prevent long-term tracheal obliteration through a massive tracheal in-
filtration of regulatory B-cells [24].

To our knowledge, the present study is the first that analyze long-
itudinally peripheral CD19+CD24highCD38high B-reg cells counts in a
cohort of lung recipients assessing their association with several clinical
and pharmacological variables (in particular the occurrence of BOS and
RAS, type of treatment, occurrence of infections, onset of kidney dys-
function or neoplasia) as well as their possible association with
CD4+CD25high CD127dim regulatory T cell rates.

2. Materials and methods

2.1. Patients

In our Center, LTx is performed since 1991. The study was con-
ducted from 1st January 2009 to 31st December 2014. During this
period, 137 lung recipients entered the immunological follow-up. All
patients were submitted to the assessment of a complete peripheral
immune phenotype at least twice a year. In 117 patients, we also per-
formed the B-regulatory cell assessment.

Our immune suppression protocol has undergone some changes
over time and has been described elsewhere [13]. No patients under-
went lympho-depleting induction treatment at time of transplantation.

Our endoscopic surveillance protocol has been reported in previous
papers [25]. BOS diagnosis and severity grades has been assessed ac-
cording to published guidelines [6,27–29]. RAS has been retro-
spectively diagnosed for patients diagnosed before 2013, according to

Fig. 1. Representative flow cytometry analysis of IL-10 producing Breg cells in isolated PBMCs. A) Lymphocytes were gated according to forward and site scatter; B)
Double positive CD24high and CD38high were selected in the gate of lymphocytes; C) CD19+CD24highCD38high IL-10 producing B-cells with isotype control.
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radiological (CT scan showing a pattern of persistent interstitial/upper
lobe fibrosis) and functional criteria (persistent decline in forced ex-
piratory volume in 1 s (FEV 1) of > 20% compared to the best post Tx
value and a decline in total lung capacity of > 10% compared to
baseline) [27–29]. In case of a BOS 0p or early RAS diagnosis, patients
were prescribed a 3-month course of chronic low-dose azithromycin. At
the same time, patients underwent gastro-esophageal reflux assessment
and maximization of anti-reflux medical treatment. In case of a further
decline consistent with a BOS/RAS diagnosis, since 2003, patients are
referred to the Apheresis Unit for compassionate ECP treatment [29].
Our cytomegalovirus surveillance protocol has been detailed in pre-
vious studies [30].

The ethics review committee of the IRCCS Policlinico San Matteo of
Pavia approved the research n° ICS 30.4/RF00.65.

2.2. Phenotype analysis of B- and T-regulatory by flow cytometry

To characterize the phenotype of B lymphocyte subsets, 50 μl of
heparinized venous blood was used for surface staining using antibodies
against CD19 APC (Allophycocyanin; clone SJ25C1; BD Biosciences),
CD24 PE-Cy7 (Phycoerythrin Cyanin 7; clone ML5; BD Biosciences) and
CD38 PE (R Phycoerythrin; clone HIT2; BD Biosciences). After 15min
of incubation at room temperature in the dark, red blood cells were
lysed with FACs Lysing Solution following the manufacture's protocol
(BD Biosciences). Each sample was incubated with appropriate mouse
immunoglobulin isotypes as a control. FACS analysis was performed by
gating first on the lymphocyte and after on the CD19 B cell population.
The gating strategy for determination of
CD19+CD24highCD38highFig. 1. Acquisition and analysis were per-
formed on a BD FACSCanto II (BD Biosciences).

To characterize the phenotype of T lymphocyte subsets, 50 μl of
fresh whole blood was incubated with the appropriate amounts of
fluorochrome-labeled monoclonal antibodies CD45 APC Alexa Fluor
750 (Allophycocyanin-Alexa Fluor 750; clone J33), CD4 APC
(Allophycocyanin; clone 13B8.2), CD69ECD (R Phycoerythrin-Texas
Red; clone TP1.55.3), CD25 PE (R Phycoerythrin; clone B1.49.9),
CD127 PC5 (R Phycoerythrin-Cyanine 5.1; clone R34.34) for the T-reg
and CD45 APC Alexa Fluor 750, CD4 APC, CD3 FITC (Fluorescein iso-
thiocyanate; clone UCHT1), CD8 PE (R Phycoerythrin; clone B9.11),
CD56 PC5 (R Phycoerythrin-Cyanine 5.1; clone N901), CD16 PC5 (R
Phycoerythrin-Cyanine 5.1; clone 3G8), CD19 PC7 (Phycoerythrin
Cyanin 7; clone J3–119) for the lymphocytic population (Beckman
Coulter) at room temperature in the dark for 15min using appropriate
mouse immunoglobulin isotypes as a control. Following incubation,
1ml erythrocyte lysing solution (VersaLyse, Beckman Coulter) was
added to the samples and incubated under the same conditions for
20min. In some samples, peripheral blood mononuclear cells (PBMC)
were stained with CD4 APC, CD25 FITC (Fluorescein isothiocyanate;
clone B1.49.9), and CD127 Alexa Fluor 647 (clone HIL-7R-M21) (BD
Pharmingen), fixed and permeabilized, followed by intracellular
staining with Foxp3 PE (R Phycoerythrin; clone PCH101) or control
IgG1 (Human Regulatory T cell Staining kit, eBioscience) for 30min.
[13].

2.3. Intracellular stain for IL-10 detection

Peripheral blood mononuclear cells (PBMCs) were isolated by
density-gradient-separation (Lymphoprep). For analysis of cytokine
production, 1×106 cell/ml were stimulated with ODN 2006 Type B
CPG (1 μg/ml; InvivoGen) and Recombinant Human CD40 Ligand/
TNFSF5 (1 μg/ml; R&D Systems) for 72 h at 37 °C and 5% CO2. For the
last 5 h were added Brefeldin A (5 μg/ml), PMA (50 ng/ml) and iono-
mycin (1 μg/ml) (Sigma Aldrich). Cells were washed and stained for
CD19 APC, CD24 PE-Cy7 and CD38 PE and incubated for 20min at
room temperature in the dark. After membrane staining, the cells were
fixed and permeabilized using the Lyse/Fix (BD Biosciences) and

stained with anti-human IL-10 FITC (Fluorescein isothiocyanate; clone
B-N10; IQ Products) or FITC-conjugated IgG isotype control for 30min
at room temperature in the dark. Acquisition and analysis were per-
formed on a BD FACSCanto II (BD Biosciences). We have confirmed on
a separate experiment that CD19+CD24negCD38neg B cells do not pro-
duce IL-10 (data not shown).

2.4. Statistical analysis

Descriptive statistics were produced for demographic, clinical and
laboratory characteristics of patients. Mean and standard deviation
(SD) are shown for normally distributed variables, and median and
interquartile range (IQR) for non-normally distributed variables, num-
bers and percentages for categorical variables. Groups were compared
with parametric or nonparametric tests, according to data distribution,
for continuous variables, and with Pearson's χ2 test (Fisher's exact test
where appropriate) for categorical variables. The association between
B-reg and a number of predictors was explored by means of bivariate
and multivariate linear mixed models, with patient and time since Tx as
random effects, and predictors and time (also) as fixed effects. In all
cases, test were two-tailed, and the p-value cut-off for significance was
set at 0.05. Stata computer software version 14.0 (Stata Corporation,
4905 Lakeway Drive, College Station, Texas 77,845, USA) was used for
statistical analysis.

3. Results

3.1. Patients

Overall, 117 patients were included in this retrospective study and
followed-up for 108.7 ± 66.4months (6.7–310.5months from trans-
plant). Demographics and clinical features of included patients are
listed in Table 1, including gender, age at transplant, transplant in-
dication, type of transplant, length of follow-up and type of im-
munosuppressive drugs used.

Being a retrospective immunological FU, the overall number of in-
cluded samples is high: n° 1106 with a median of 11 samples/patient

Table 1
Demographic and clinical features of the patients enrolled in this study.

N° of Patients= 117

Mean age at Tx (years± SD) 45.8 ± 12.5
Sex (M:F) 74:43
Lenght of post-Tx follow-up (months/range, media) 108.7 ± 66.4 /

6.7–310.5
Tx Indications
Emphysema / Alpha1 antitrypsin Deficiency 21
Primary graft disfunction 1
Bronchiectasis / Cystic Fibrosis 25
Interstitial lung disease 45
Pulmonary hypertension / Ebstein's disease /
Eisenmenger Syndrome /

Mounier-Kuhn Syndrome

23

Rare pulmonary conditions 3
Type of Tx
Single lung Tx 38
Double lung Tx 71
Heart and lung Tx 8

Total number of determination= 1106
Immunosuppression therapy
Cyclosporine 134
Tacrolimus 948
Azathioprine 21
Mycophenolate mofetil 551
Rapamycin 230
Prednisone 1106
Extracorporeal photopheresis 697
Azithromycin 317
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(IQR 8–15).

3.2. Functional characterization of CD19+CD24highCD38high B cells

On five blood samples of representative lung transplant recipients,
functional characterization of B-reg cell subset has been performed
showing that 96,4% of CD19+CD24highCD38high B cell subset are IL-10
producing cells. (Fig. 1).

3.3. Variables associated to B-reg cell counts

Results of bivariate and multivariate analysis are shown in Table 2.

All tested immunological variables (CD3+,CD4+, CD8+, CD19+,
CD16+CD56+ and CD25high cells) resulted positively associated to B-
reg (Table 2) at the initial bivariate analysis. As for clinical variables,
only four were significantly associated to CD19+CD24highCD38high B-
reg cells count: treatment with azathioprine (p= .041) and mycophe-
nolate mofetil (p < .001), pulmonary infections such as Staph. Aureus
(p= .005) and A. fumigatus (p= .003). Of note, we did not find any
significant association with a specific phenotype of chronic rejection
(BOS or RAS) or with BOS severity, as well as no association with acute
cellular rejection was detected, although a low number of episodes was
registered in this cohort. At multivariate analysis, all but one (aza-
thioprine treatment) associations found in the univariate analysis were
confirmed. Of note, the presence of CLAD (either BOS or RAS) was
added to the multivariate analyses, even if the variable was not sig-
nificant at the univariate analysis (Table 2).

3.4. B-reg and T-reg correlation

Since literature data suggest that a possible interaction between B
and T-regulatory cells “in vivo” might bring to an expansion of T-reg-
ulatory clones, we aimed to assess whether a correlation between
CD19+CD24highCD38high B-reg and CD4+CD25highCD127- T-reg per-
ipheral cell counts was detectable in lung transplant recipients. As
shown in Fig. 2, we could not detect any statistically significant cor-
relation between CD19+CD24highCD38high B-reg cells and
CD4+CD25highCD127- T-reg cells counts.

4. Discussion

B-regs have been reported within the CD19+CD24highCD38high

immature B-cell population in peripheral blood of healthy individuals
[17-30]. Multiple studies have demonstrated that B-regulatory cells are
able to suppress inflammatory response via the production of IL-10, an

Table 2
bi- and multi-variate linear regression analysis for CD19+CD24highCD38high Breg linear mixed models were fitted, with patient and time since Tx as random effects,
and individual predictors and time as fixed effects. RAS-Restrictive allograft syndrome, BOS-Bronchiolitis obliterans syndrome.

Bivariate Multivariate

Variable Category Coef 95% CI P-value Coef 95% CI P-value

Chronic rejection (BOS+RAS) Ever -0,16 −0.35 to 0.01 0.073 −0.19 −0.37 to −0.01 0.039
RAS −0,48 −0.98 to 0.02 0,06
BOS −0,05 −0.39 to 0.30 0,797

BOS grade 0p −0,17 −0.37 to 0.04 0,109
1 −0,11 −0.34 to 0.13 0,374
2 −0,16 −0.47 to 0.16 0,332
3 −0,30 −0.66 to 0.07 0,113

Lymphocytic population cd3 0 0 to 0 0
cd 3 cd4 0,001 0 to 0.01 0
cd 3 cd8 0 0 to 0 0,001
cd19 0,004 0.003 to 0.005 0
cd1 6 cd56 0 0 to 0 0,002
cd4cd25high 0,002 0 to 0.005 0,071

Immunosuppresive therapy Cyclosporine −0,18 −0.61 to 0.26 0,420
Tacrolimus 0,04 −0.26 to 0.33 0,812
Azathioprine 0,59 0.01 to 1.20 0,05 0.50 −0.09 to 1.10 0.099
Mycophenolate −0,39 −0.55 to −0.22 <0.001 −0.38 −0.54 to −0.21 <0.001
Rapamycin −0,03 −0.22 to 0.28 0,814
Prednisone −0,38 −0.97 to 0.22 0,215

Azithromycin therapy −0,09 −0.27 to 0.09 0,326
Extracorporeal photopheresis 0,07 −0.16 to 0.30 0,564
Kidney failure −0,05 −0.27 to 0.17 0,652
Infections

Bacterial 0,13 −0.07 to 0.33 0,209
Staph aureus 0,64 0.21 to 1.08 0,003 0.66 0.24 to 1.09 0.002
Viral −0,07 −0.22 to 0.08 0,363
Fungal 0,13 −0.16 to 0.42 0,378
Aspergillus spp 0,57 0.19 to 0.95 0,003 0.50 0.13 to 0.87 0.009

Bold statistically significant correlation

Fig. 2. Scatterplot of T-reg cells counts and B-reg cells counts showing no
correlation between cells population.
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anti-inflammatory cytokine that has been thus used as a marker of B-
regulatory cells [18-31]. In present study we clearly demonstrated that
CD19+CD24highCD38high B cell subset, in lung recipients, is highly
enriched with IL-10 producing B cells thus suggesting that this me-
chanism is relevant in driving their regulatory functions. By the para-
crine IL-10 secretion, B-regs have been reported to inhibit Th1 re-
sponses via IL-10 and Th17 differentiation, in addition
CD19+CD24highCD38high B-regs could also convert “in vitro” CD4+ T
effectors into T-regs and Tr1 cells [18-31]. Recent studies from chronic
graft-versus-host disease (cGVHD) have also highlighted the role of
CD19+CD24highCD38high B-regs in establishing transplant tolerance by
suppressing effector T-cell responses [32,33].

There is scanty experimental evidence that that
CD19+CD24highCD38high B-reg cells might be implicated in trans-
planted graft acceptance, mainly gained in the setting of kidney
transplantation. A recent report on a small cohort of kidney recipient,
showed that immunosuppressive regimen based on a combination of
mTOR- and calcineurin inhibitors reduces CD19+CD24highCD38high B-
reg cell counts [22].

As for the lung transplantation, in a murine animal model of het-
erotopic tracheal transplantation, commonly accepted as surrogate BOS
model, the use of mTOR inhibitor has been reported to increase ac-
ceptance and halt tracheal fibro-obliteration. This effect has been as-
cribed to a marked tracheal infiltration by CD19+CD24highCD38high/
IL-10-producing regulatory B-lymphocytes, thought to expand, via IL-
10, T-reg clones [24]. Thus, the real role of CD19+CD24highCD38high B-
reg cell subset “in vivo” is still undefined. This regulatory aspect re-
mains poorly characterized in human clinical transplantation. Thus for
the first time, we aimed to analyze counts of CD19+CD24highCD38high

B-reg cells in the peripheral blood of lung transplant recipients and to
find possible associations with a number of clinical and therapeutic
variables.

On the basis of present study, we can infer a role for
CD19+CD24highCD38high B-reg cell subset in the long term acceptance
of lung graft since we specifically found a slight but significant down-
regulation in presence of chronic rejection irrespective of its phenotype.
Of note, we did not find any association with grade>2 acute cellular
rejection or antibody mediated rejection episodes maybe due to the low
number of samples obtained during these two specific immunological
complications.

Furthermore, an interesting observation was that
CD19+CD24highCD38high B-reg cell counts are significantly high during
specific bacterial and fungal infections (S. aureus and A. fumigatus).
Even if the small number of samples obtained during S. aureus and A.
fumigatus infectious episodes might have limited the strength of the
statistical analysis. Recent experimental data highlighted that pro-in-
flammatory stimula induced by a specific gut microbiota were able to
expand B-reg cell number and function and to restrain inflammatory
reaction associated to antigen-induced arthritis in mice [34]. We could
hypothesize that specific infective/inflammatory stimula might parti-
cipate to B-reg cell expansion “in vivo”, however this point must be
addressed with specifically designed studies.

We also tested the association of B-reg cell counts with a number of
clinical variables, including also kidney failure and different im-
munosuppressive strategies, such as ECP or azithromycin. Interestingly,
only azathioprine and mycophenolate mofetil were found to be sig-
nificantly associated to peripheral CD19+CD24highCD38high B-reg cell
counts at the univariate analysis; while, at the multivariate model, only
the MMF effect was significant. Unlike previous evidence in literature,
[22] we could not detect any significant variation of B-reg cell counts
with respect to other specific immunosuppressive drugs such as calci-
neurin or m-TOR inhibitors, however, as for the latter, a limited number
of patients could have been included in the study. Since induction
treatment is not performed at our center, we could not assess the pos-
sible role of lympho-depleting strategies.

Finally, since an interaction between B and T-reg cells via IL-10 has

been reported elsewhere, [24] we decided to verify this hypothesis in
our cohort. As shown in the results section, we could not confirm this
observation in humans and found no association between the
CD19+CD24highCD38high B-reg and the CD4+CD25highCD127- T-reg
cell subset. However, we cannot exclude that other T-reg subset such as
Tr1 (that were not addressed in our study) might have been regulated
by CD19+CD24highCD38high B-reg cell in our patients.

We must acknowledge a few limitations. First, we focused on the
best characterized B-reg subset (CD19+CD24highCD38high B-cells) but
according to more recent papers many other subsets may coexist and
exert different mechanism of immune-regulation/suppression [18].
Therefore, it will be crucial in the next future to address which subset of
B-reg is more relevant in driving solid organ transplant acceptance.
Second, patients started our immunological FU at different times from
Tx; we cannot be certain that bias would not impact on results even if
this particular aspect was taken into account in the analysis by multi-
variate linear mixed models, with patient and time since Tx as random
effects, and predictors and time (also) as fixed effects. Finally, given the
retrospective nature of this paper, the different samples were collected
at different time point in different patients and sometimes even on
clinical need (infection or suspect of chronic rejection), so there might
be other variables affecting the results.

5. Conclusion

This report on peripheral CD19+CD24highCD38high B-reg cell ki-
netics in lung recipients highlights, for the first time, that this cell
subset might participate in long-term lung graft acceptance mechanisms
and that the counts of these B-reg cells are significantly influenced not
only by type of immunosuppressive regimen but also by specific in-
fective complications. These data deserve further confirmation with
specifically designed larger prospective studies.
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