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Distinct Levels of Human Anti-HLA Antibodies Induce Dif-
ferent Biological Effects In Vitro on Human Umbilical Vein
Endothelial Cells
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Objectives: Antibody-mediated rejection due to anti-donor HLA antibodies is a cause of chronic rejection and poor graft
survival. The pathogenic role of these antibodies has been explained by their different effects on endothelial cells. Our
objective was to study whether the levels of anti-HLA antibodies (measured by Luminex Single Antigen) in sera from
alloimmunized patients correlate with the in vitro effects these antibodies induce on human umbilical vein endothelial cells.

Material and methods: We explored the role of anti-HLA antibodies present in human serum on the proliferative potential
of human umbilical vein endothelial cells (n = 17) and studied the expression of adhesion molecules (P-selectin) in these
cells (n = 13). Results were correlated with the HLA antibody levels measured by Luminex.

Results: The sera from alloimmunized patients inhibited endothelial cells proliferation and increased P-selectin expression
compared to control sera (p < 0.0001 and p < 0.001, respectively). A relatively high level of anti-HLA antibodies was
necessary to mediate the biological effects, with higher levels needed to affect proliferation (mean fluorescence intensity =
23,219) than to induce changes in P-selectin expression (mean fluorescence intensity = 13,170).

Conclusions: These data add information on the value of the detection of anti-HLA antibodies by Luminex and could
contribute to clarifying some aspects of the pathogenic mechanisms of antibody-mediated rejection.

with this finding [9,12,16]. Several methods for detecting
these antibodies have been described. Recent technolo-
gies, as Single Antigen Beads assay (Luminex technolo-
gy), allow the detection of antibodies at very low levels
compared to more traditional and less sensitive methods

Recent advances in different fields have substantially
increased short-term graft survival. However, long-term
graft survival is still very low, mostly due to chronic rejec-

tion [1-4]. Organ transplant rejection is caused by alloim-
mune responses, which primarily target HLA molecules
[5-7]. The presence of Donor-Specific HLA Antibodies
(DSA) is associated with Antibody-Mediated Rejection
(AMR) and poor graft outcome [8-13]. Post-transplant
Immunoglobulin G (IgG) DSA have been found to be a
possible cause of allograft loss [6]. Everly, et al. demon-
strated that 9% and 24% of patients will have allograft
failure within 1 and 3 years from IgG DSA appearance,
respectively [8]. The role of IgM DSA in the humoral im-
mune response is not clarified. The same authors showed
that IgM DSA alone does not pose a significant risk to al-
lograft survival, but it is the first step in the development
of the more problematic IgG DSA [14]. Other studies
have found that non-DSA also were associated with graft
failure [11,15], although not all published articles agree

(complement-dependent cytotoxicity and flow cytome-
try crossmatch or ELISA) [17-21].

Furthermore, anti-HLA antibodies mediate different
in vitro biological effects; anti-HLA class I monoclonal
antibodies alter the cellular proliferation and survival of
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Endothelial Cells (ECs) [22-25]. The possible in vitro ef-
fects of human HLA antibodies have also been studied.
Purified IgG from human polyclonal anti-HLA serum
preserves ECs from antibody-mediated complement-de-
pendent damage and promotes proliferation and signal
induction [26-29]. Some studies have investigated the
role of human anti-HLA whole serum in modifying gene
expression in ECs, which could be related to graft prog-
nosis [30-31].

The above-mentioned effects of HLA antibodies have
been connected to the pathogenic mechanisms of AMR
[32,33]. More recently, the role of infiltrating cells in grafts
has been considered more carefully to explain AMR [34-

]. The adhesive potential of ECs increases after incuba-
tion with anti-HLA antibodies through the expression of
P-selectin. This mechanism results in monocyte adhesion
to the endothelium and graft infiltration, which could be
a clear contribution to the pathogenesis of AMR [34,35].
Most of these data refer to the effect of anti-HLA mono-
clonal antibodies and it is difficult to extrapolate these data
to in vivo situations. We recently reported the effects of hu-
man alloimmunized sera on lymphocyte proliferation [37]
and showed a correlation between the titer of anti-HLA an-
tibodies and the biological effects on lymphocytes. Adsorp-
tion experiments also showed that the effect is HLA-medi-
ated.

In the present study, we extend these data to a dif-
ferent model, studying the effect of human sera with
high levels of anti-HLA antibodies on Human Umbil-
ical Vein Endothelial Cells (HUVECs) to correlate the
level of antibodies with the biological changes induced
in these cells. We attempted to define the antibody lev-
els mediating the in vitro biological eftects on HUVECs.
We measured changes in HUVEC proliferation and the
expression of adhesion molecules (P-selectin). We take
advantage of Luminex technology for a semiquantita-
tive analysis of anti-HLA antibodies in serum. We show
that diluted whole human serum from allosensitized
patients inhibits the in vitro proliferation of HUVECs.
Furthermore, the expression of P-selectin in HUVEC:s is
increased by these antibodies. We also show that a higher
level of HLA antibodies is necessary for the inhibition of
HUVEC proliferation compared to the level necessary to
induce P-selectin in these cells.

Isolation and culture of HUVECs

Human umbilical cords were obtained from healthy
donors. The study was approved by the Ethics in Re-
search Committee of the University of Navarra and writ-
ten informed consent obtained from the donors prior to
the study.
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HUVECs were isolated from umbilical cords using
a modified protocol previously described by Jaffe, et al.
[38]. Under sterile conditions, the umbilical cord was
infused with 15 ml of 0.1% collagenase in PBS (warmed
to 37 °C) (Gibco, Life Technologies Corporation, Grand
Island, NY, USA) in the umbilical vein and maintained
for 10 minutes at 37 °C. Briefly, the collagenase solution
containing ECs was flushed from the cord by perfusion
with 20 ml of PBS and the effluent collected in a sterile
50 ml conical tube. The cellular suspension was centri-
fuged at 624 x g for 8 minutes. Then, the cellular pel-
let was resuspended in 1 ml of F12 K medium (ATCC,
Manassas, VA, USA) supplemented with 10% Fetal Calf
Serum (FCS) (Biochrom, Berlin, Germany), 100 U/ml
penicillin (Life Technologies), 100 pg/ml streptomycin
(Life Technologies), 30 ug/ml heparin (Hospira, Madrid,
Spain), and stimulated with 5 pg/ml of Endothelial Cell
Growth Supplement (ECGS) (Becton-Dickinson (BD),
San Jose, CA, USA); this medium is referred to hereafter
as “complete medium”.

After isolation, ECs were seeded on 2% gelatin solu-
tion-precoated flask (25 cm?) (Sigma-Aldrich, St Louis,
MO, USA) and cultured in complete medium (4 ml).
Cells were incubated at 37 °C in a humidified incubator
(5% CO,atmosphere). The culture medium was replaced
after 24 hours, and then changed every 3 days until con-
fluence. Cells were used in the initial passages (2™ - 4%)
at a confluence of 80-90%.

Cell proliferation assay and phenotypic character-
ization of HUVECs

Upon confluence, the medium was removed and the
adherent cell layer washed twice with 5 ml of PBS. ECs
were detached with 1 ml of trypsin (500 mg/1) in EDTA
(200 mg/1) (Lonza, Walkersville, MD, USA) and incubat-
ed for 3 minutes at 37 °C. The flask was flushed with 5 ml
of F12 K medium, and the effluent containing ECs was
transferred to a sterile 10 ml tube. The cells were centri-
fuged for 8 minutes at 624 x g and then adjusted to 2 x
10 cells/ml in complete medium. Next, 1 x 10° cells were
incubated in 1 ml of PBS with 4 uM Carboxy Fluoresce-
in Succinimidyl Ester (CFSE) (Invitrogen, Paisley, UK)
for 10 minutes at 37 °C. Cold F12 K medium (5 ml) was
then added for 5 minutes, and the cells centrifuged and
washed two times with F12 K medium. Finally, the sam-
ple was adjusted to 1 x 10°cells/ml in complete medium.

An experimental model was established in which 1
x 10° CFSE-labeled cells/well were seeded into six-well
plates. In each experiment, ECs were incubated with dif-
ferent dilutions of pooled sera (1:40, 1:160, 1:320, and
1:640) from more than 10 highly alloimmunized patients
on the renal transplant waiting list in 2 ml of complete
medium for 72 hours at 37 °C and 5% CO,. We take prof-
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it of these sera because of their high level of HLA anti-
bodies and their poly specificity, allowing us to include
in the study any umbilical cord available. ECs incubated
in complete medium with serum from non-sensitized re-
nal patients at the same dilutions and cells without ECGS
were used as negative controls. Cellular proliferation and
P-selectin expression were evaluated simultaneously af-
ter culture 72 h in 17 and 13 experiments, respectively,
by combining 12 ECs with different dilutions of pooled
sera with anti-HLA antibodies.

After incubation, cells were detached and washed as
previously described. These cells were phenotypically
characterized in regards to HLA expression and endo-
thelial antigens. The phenotype of the cells was assessed
by flow cytometry. To measure HLA expression, cells
were labeled with PE mouse anti-human HLA-ABC
mAD (clone G46-2.6; Pharmingen, BD) and PE mouse
anti-human HLA-DR mADbD (clone 1L243; BD). To detect
endothelial antigens (PECAM-1 and P-selectin), cells
were labeled with PE mouse anti-human CD31 mAb
(clone WM-59; BD) and PE mouse anti-human CD62P
mAD (clone AK-4; BD). In all experiments, PE mouse
IgG1 k isotype control (clone MOPC-21; BD) was used
as a negative control. After 20 minutes of incubation at
room temperature in the dark, two PBS washing steps
were performed and the ECs resuspended in 500 pl of
PBS. A total of 100,000 events were acquired with a
FACSCanto II flow cytometer (BD). Analysis was per-
formed with FACSDiva software v6.1.3 (BD). The cells
under study were truly ECs showing an expression (me-
dian) of 95% of HLA-class I, 0% of HLA-DR, 100% of
PECAM-1 and 13% of P-selectin. Cellular proliferation
was monitored by measuring the CFSE expression of the
cultured cells using flow cytometry. Inhibition of cellu-
lar proliferation was calculated using the percentage of
cellular proliferation with control serum as a reference;
we considered cellular proliferation to be inhibited if the
difference was > 20%.

HLA typing methods

Total DNA was extracted from HUVECs using the
QIAamp® DNA Blood Mini Kit (Qiagen GmbH, Hilden,
Germany) according to the manufacturer’s instructions.
HUVECs were typed (n = 7) to ensure that at least one
of the HLAs expressed by the cells was recognized by
the pooled sera being studied in each particular culture.
HLA-A and -B were determined using a PCR-based
technique with AllSet + ™Gold SSP Typing Kits (Invi-
trogen).

HLA antibody characterization

Pooled sera were screened for anti-HLA antibodies
using the Luminex LABScreen Mixed assay (#(LSM12 lot
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019; One Lambda Inc, Canoga Park, CA, USA). The pool
of sera was positive for all specificities of anti-HLA class
I and class IT antibodies. The specificity and intensity of
anti-HLA class I antibodies present in each particular di-
lution of the pooled sera (1:40, 1:160 and 1:320) were as-
sessed using LABScreen Single Antigen Class I (#LS1A04
lot 008; One Lambda Inc), which use single HLA anti-
gen-coated beads and enable identification of immuno-
globulin G alloantibody specificities against HLA-A, -B,
-C antigens. This test was performed according to the
manufacturer’s instructions. Normalized Mean Fluores-
cence Intensity (MFI) values > 1,000 were defined as pos-
itive reaction for anti-HLA class I and class II antibodies.
When more than one antigen was recognized by a pool
of sera, we utilized the MFI summative strategy to assign
the antibody level present in the serum in relation to that
cell as was proposed by us and others [17,39,40]. Levels
of anti-HLA antibodies > 18,000, measured as the sum of
MFI, were considered high [37].

Correlation between levels of anti-HLA antibod-
ies and biological effects

We analyzed the correlation between cellular prolif-
eration and antibodies levels measured by Luminex Sin-
gle Antigen Bead assay in 27 cells cultures by combining
9 ECs with dilutions 1:40, 1:160 and 1:320 of pooled of
sera with anti-HLA antibodies. Moreover, in 17 exper-
iments we evaluated the correlation between P-selectin
expression and antibodies levels by incubating 6 ECs
with different dilutions of pooled of sera with anti-HLA
antibodies (1:40, 1:160 and 1:320).

Statistical analysis

The percentage of cellular proliferation and P-selectin
expression were provided as the median and range. We
used the Mann-Whitney U test to evaluate significant
differences. The correlation between these two parame-
ters and the level of anti-HLA antibodies was determined
by the Spearman's rank correlation coefficient. For the
analysis of 2 x 2 contingency tables, the chi-square test
was used. In all cases, a p-value of < 0.05 was consid-
ered significant. Statistical analyses were performed us-
ing IBM SPSS Statistics v20 software for Windows (SPSS,
Inc., Chicago, IL, USA).

Human anti-HLA antibodies inhibit the cellular
proliferation of HUVECs

To study the influence of anti-HLA antibodies on cel-
lular proliferation, we performed seventeen experiments
by incubating ECs from twelve donors with pooled sera
from alloimmunized patients. As shown in and

, cellular proliferation was significantly lower in
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Figure 1: A representative experiment of cellular proliferation:
A) Endothelial proliferation (58%) with control serum 1:40
dilution; B) Percentage of cellular proliferation at 1:40 dilutions
of serum with anti-HLA antibodies (19%). This experiment
shows a 67% inhibition of cellular proliferation induced by anti-
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cultures with 1:40 dilutions of pooled sera (21.9% (range
3.7% - 43.4%); p < 0.0001). The median MFI of HLA anti-
bodies in these experiments was 61,877 (29,005 - 67,289)
( ). The inhibitory effect on cellular proliferation
was lost at higher serum dilutions: 39.7% (14.3% - 74%),
49% (14.6% - 76.6%), and 48.7% (14.7% - 71.8%) cellular
proliferation at dilutions 1:160, 1:320, and 1:640, respec-
tively.

We have investigated the correlation between the
degree of inhibition of cellular proliferation and anti-
body levels measured by Luminex Single Antigen (LSA)
against the HLA antigens expressed by different ECs in
each serum dilution assays (1:40, 1:160 and 1:320) (n =
27). We found a strong association between the two pa-
rameters (r = 0.74, p < 0.0001; ). Using a linear
regression model, we calculated the level of anti-HLA
antibodies required to produce this effect on ECs in vitro;
antibodies inhibited endothelial proliferation by more
than 20% at a MFI of 23,219.

presents the results based on this theoretical
cutoffin a 2 x 2 table. When the strength of the anti-HLA
antibodies was greater than the cut-oft, 11/15 (73.3%)
experiment revealed inhibition of cellular proliferation.
Only 2/12 (16.6%) experiments revealed inhibition be-
low the cut-oft (r = 0.56, p = 0.003).

Human anti-HLA antibodies induce the expression
of P-selectin in HUVECs

HLA antibodies. In 13 experiments we studied the expression of P-se-
100+ * Control sera
] 1:40
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Figure 2: Cellular proliferation at different dilutions of pooled sera. *p < 0.0001, Mann-Whitney U test.
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Table 1: Association between cellular proliferation data and HLA antibody levels.

Dilution of pooled sera Inhibition of cellular proliferation (%) Sum MFILSA T
1:40 57.3 61,877

(44.1-89.8) (29,005 - 67,289)
1:160 14.5 26,645

(0-37.0) (13,535 - 38,250)
1:320 8 7,790

(0-23.2) (2,525 - 8,379)

n = 27; R? = 0.555; p < 0.0001
*Sum MFI LSA I, sum of MFIs measured by Luminex Single Antigen class | assay.
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Figure 3: Correlation between the inhibition of cellular
proliferation and antibody levels (MFI measured by
Luminex Single Antigen Bead assay). Each dot represents
MFI value of anti-HLA antibodies in serum (vertical axis)
and the inhibition of cellular proliferation (horizontal axis)
for each cell incubation with different dilutions of pooled
sera (1:40, 1:160 and 1:320) (n = 27).

Table 2: Luminex cut-off and cellular proliferation.

Luminex single antigen |Inhibition of cellular
proliferation (> 20%)

No Yes
MFI < 23,219 10 2
MFI > 23,219 4 11

Chi-square test (p = 0.003); sensitivity, 84.6%; specificity, 71.4%.

lectin in ECs from 10 donors. We incubated the cells with
dilutions of pooled sera from alloimmunized patients. A
1:40 dilution of pooled sera resulted in a significant in-
crease in P-selectin expression compared to control sera
(41.4% (16.8% - 58.5%), p < 0.001, ). The median
MFI of HLA antibodies in these experiments was 44,558
(32,313 - 61,877) ( ). Higher dilutions of pooled
sera showed no differences with respect to controls in the
expression of P-selectin.

Wealso studied whether P-selectin expression correlates
with the level of anti-HLA antibodies present in dilutions of
pooled sera (n = 17). shows that the data fit bet-
ter in a quadratic regression (although also show statistical
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Figure 4: P-selectin expression at increasing serial dilutions of pooled sera. *p < 0.001, Mann-Whitney U test.

Mata et al. J Cell Dev Biol 2017, 1(1):1-9

e Page 5 o



U

SCHOLARLY PAGES

% Citation: Mata JJ, Moreno L, Arana P, et al. (2017) Distinct Levels of Human Anti-HLA Antibodies Induce Different
i Biological Effects in vitro on Human Umbilical Vein Endothelial Cells. J Cell Dev Biol 1(1):1-9

Table 3: Association between P-selectin expression and HLA antibody levels.

Dilution of pooled sera

1:40 414

(16.8 - 58.5)
1:160 23.2

(7.9 - 47.9)
1:320 15.9

(7.6 - 41.0)

P-selectin expression (%)

Sum MFILSA I
44,558

(32,313 - 61,877)
27,450

(14,649 - 38,250)
6,950

(2,590 - 8,379)

n=17;R2=0.511; p = 0.007
*Sum MFI LSA |, sum of MFls measured by Luminex Single Antigen class | assay.

Table 4: Luminex cut-off and P-selectin expression.

Luminex Single Expression of P-selectin (> 25%)

Antigen No Yes
MFI < 13,170 5 1
MFI > 13,170 2 9

Chi-square test (p = 0.009); sensitivity, 90%; specificity, 71.4%.

significance in a model of linear regression (r = 0.58, p =
0.013)). A strong association was found between P-selectin
expression and the MFI of HLA antibodies measured by
LSA (r = 0.71, p = 0.007). Using this model, we calculat-
ed the MFI of anti-HLA antibodies necessary to produce
these effects (MFI = 13,170 for P-selectin expression > 25%
and p < 0.05), which was lower than the level observed for
the inhibition of cellular proliferation. When the strength
of the anti-HLA antibodies was > 13,170 MFI, 9/11 (81.8%)
experiments revealed increased P-selectin expression. Only
1/6 (16.6%) experiments revealed increased P-selectin ex-
pression below the cut-off ( ;7=0.63, p=0.009).
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% of expression of P-Selection

Figure 5: Correlation between the expression of P-Selectin
and antibody levels (MFI measured by Luminex Single Antigen
Bead assay). Each dot represents MFI value of anti-HLA
antibodies in serum (vertical axis) and the P-selectin expression
(horizontal axis) for each cell incubation with different dilutions
of pooled sera (1:40, 1:160 and 1:320) (n = 17).

1001 R=0.54

% of inhibition of cellular proliferation

!
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Figure 6: Correlation between the inhibition of cellular proliferation and P-selectin expression in ECs. Each dot represents
the inhibition of cellular proliferation (vertical axis) and the P-selectin expression (horizontal axis) for each cell incubation with
different dilutions of pooled sera with anti-HLA antibodies (1:40, 1:160, 1:320 and 1:640) (n = 48).
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Finally, we correlated the results of HUVEC prolifer-
ation and P-selectin expression measured simultaneous-
ly (n = 48). Using a quadratic regression ( ), we
observed a correlation between the inhibition of cellular
proliferation and the expression of P-selectin in HU-
VECs (r = 0.54, p = 0.0001).

The results of this study add information about the
effects produced by anti-HLA antibodies present in se-
rum from alloimmunized patients. We grew HUVECs in
the presence of sera from alloimmunized renal patients
awaiting transplantation. The proliferation of these cells
is decreased due to a relatively high level of antibodies. In
addition, anti-HLA antibodies induce a higher expression
of P-selectin in HUVECs. We show a good correlation be-
tween inhibited proliferation and P-selectin expression and
the level of antibodies measured by Luminex technology.

Very little is known about the effects of human an-
ti-HLA antibodies and available data comes from studies
using IgG isolated from human sera, which is not very
well characterized in regards to the level of HLA antibod-
ies [28,29]. Our work deals with total human sera as the
source of HLA antibodies and HUVECs as target cells.
The sera were studied by Luminex technology in order
to semiquantitatively detect the level of anti-HLA anti-
bodies. HUVEC have been object of study in different
experimental models with very similar results to those
obtained with other types of endothelial cells [27,29,35].

The level of antibody is one of the factors implicated
in the different biological effects produced by anti-HLA
antibodies [23,33,41-43]. Our objective was not to deep-
en in the functional effects of alloantibodies but to study
the correlation between the level of HLA antibodies and
some of the effects already described. Therefore, we aimed
to define the antibody levels necessary to mediate some
of these effects. We grew ECs at very low ECGS concen-
trations to avoid excessive stimulation by growth factors
and for better identification of the effects of anti-HLA
antibodies. We show that the effects on HUVEC:s are ob-
served only when the Luminex MFI reaches a particular
level defined by the sum of MFI of antibodies directed to
the different HLA antigens expressed by the cell under
study [40]. The level of anti-HLA antibodies necessary
to produce the described biological effects is different for
each particular effect. High levels of antibodies are need-
ed to inhibit HUVEC proliferation, whereas lower levels
are enough to increase the expression of P-selectin. These
data add information on the pathogenic mechanisms of
AMR. Moreover, the detection of HLA antibody levels
by LSA has been shown to correlate with other param-
eters and can be used as a substitutive in some special
clinical situations, e.g., virtual cross-match [39,40,44].
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We think that we have enough evidence to assume
that the described effects are mediated by anti-HLA anti-
bodies. We reported recently that the effect of serum on
lymphocyte proliferation was HLA-mediated, since ad-
sorption of alloimmunized human serum with a partic-
ular cell population abolished inhibition of the prolifera-
tion of this cell population, but not proliferation of other
cells with different HLA phenotypes [37]. Furthermore,
the good correlation we found between the biological ef-
fects on HUVECs and the LSA level for HLA class I, as
well as the very poor expression of HLA class II (HLA -
DR) on HUVECs, led us to the conclusion that the effects
described in this paper are mediated exclusively by HLA
class I and not by non-HLA antibodies. Moreover, we
have published that human alloimmunized sera bind to
cells and that a good correlation is obtained between the
level of HLA antibodies MFI and FCXM positivity [40].
Thus, our data allow the identification of the antibody
levels capable of mediating different biological effects on
ECs, adding value to the detection of anti-HLA antibod-
ies by LSA.

The generally accepted theory on the pathogenic mecha-
nisms of AMR implies the induction of cellular proliferation
by HLA antibodies [25]. However, as mentioned before, the
in vitro response to HLA antibodies of both HUVECs
and lymphocytes can vary. Although induction of cellu-
lar proliferation is commonly reported by anti-HLA an-
tibodies we and others have published inhibition of lym-
phocyte proliferation on different experimental models
by these antibodies [37,41,45]. We report here inhibition
of HUVEC proliferation. This could be due to the char-
acteristics of our model which includes low concentra-
tions of ECGS, use of whole serum as the source of HLA
antibodies and long period of culture (72 hours). The in
vitro data may only partially reflect the in vivo situation.
Besides, other factors that play a role in vivo could in-
clude the complement-fixing capacity of antibodies, al-
though this point is currently discussed [46,47]. Other
studies have demonstrated that organ transplant rejec-
tion can also be caused by non-HLA antibodies and An-
ti-Endothelial Cell Antibodies (AECA) [48]. Recently,
AECA and anti-angiotensin II type 1 receptor antibodies
have been associated with microvascular injury observed
in AMR [49].

In addition to the inhibition of HUVEC proliferation
by serum from alloimmunized patients, we documented
a good correlation with the induction of P-selectin ex-
pression in these cells. Recently, the role of anti-HLA an-
tibodies in the expression of P-selectin in ECs has been
connected to the mechanisms of AMR [34-36]. The role
of macrophage infiltration in AMR has been highlight-
ed. This cellular infiltration could be favored by the in-
duction of P-selectin in ECs [34,35]. These findings give
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more relevance to changes in the expression of adhesion
molecules than to the induction of proliferative respons-
es in the pathogenesis of AMR. Our results are in line
with these views; we showed that anti-HLA human se-
rum increases the expression of P-selectin in ECs while
simultaneously inhibiting EC proliferation.

Our study adds new information for the validation
of Luminex data and could contribute to a better under-
standing of some aspects of the pathogenesis of AMR.
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