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Summary

Decreasing graft rejection and increasing graft and patient survival are
great challenges facing liver transplantation (LT). Different T cell subsets
participate in the acute cellular rejection (ACR) of the allograft. Cell-
mediated immunity markers of the recipient could help to understand
the mechanisms underlying acute rejection. This study aimed to analyse
different surface antigens on T cells in a cohort of adult liver patients
undergoing LT to determine the influence on ACR using multi-parametric
flow cytometry functional assay. Thirty patients were monitored at baseline
and during 1 year post-transplant. Two groups were established, with (ACR)
and without (NACR) acute cellular rejection. Leukocyte, total lymphocyte,
percentages of CD4"CD154" and CD8"CD154* T cells, human leukocyte
antigen (HLA) mismatch between recipient-donor and their relation with
ACR as well as the acute rejection frequencies were analysed. T cells were
stimulated with concanavalin A (Con-A) and surface antigens were ana-
lysed by fluorescence activated cell sorter (FACS) analysis. A high percent-
age of CD4*CD154"* T cells (P = 0-001) and a low percentage of CD8*CD154"
T cells (P = 0-002) at baseline were statistically significant in ACR. A
receiver operating characteristic analysis determined the cut-off values
capable to stratify patients at high risk of ACR with high sensitivity and
specificity for CD4'CD154* (P = 0-001) and CD8'CD154* T cells
(P = 0-002). In logistic regression analysis, CD4*CD154*, CD8"CD154"*
and HLA mismatch were confirmed as independent risk factors to ACR.
Post-transplant percentages of both T cell subsets were significantly higher
in ACR, despite variations compared to pretransplant. These findings sup-
port the selection of candidates for LT based on the pretransplant per-
centages of CD4"CD154* and CD8*CD154" T cells in parallel with other
transplant factors.

Keywords: acute cellular rejection, CD154" T cells, cell-mediated immunity
(CMI), HLA, immunosuppression, liver transplantation
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Introduction

Traditionally, the liver had been considered an organ with
immunological privilege; however, it is still necessary to
further decrease the frequency of rejection, improve graft
and patient survival and modulate the immunosuppression
(IS) [1,2], all of which depend upon the patient’s sensitiv-
ity to the IS [3,4].

High doses of IS are given to high immunological risk
patients early post-transplant to overcome the lack of
pretransplant assessment for donor-specific antibodies
(DSA) and human leukocyte antigen (HLA) match [5].
Nevertheless, the safety and efficacy of the IS therapy
remains a point of improvement in order to avoid immu-
nosuppression-associated side effects [6].

Extensive evidence indicates the participation of different
T cell subsets during acute cellular rejection (ACR) of the
allografts in kidney, heart, lung and liver transplantation [7-9].
Thus, the response after specific recognition of antigenic dif-
ferences between the donor and the recipient and its rela-
tionship with IS has recently begun to be elucidated.

Cell-mediated immunity (CMI) monitoring in the field
of liver transplantation (LT) could provide new insights
that may help to identify liver recipients at high immu-
nological risk as well as to understand the pathophysiology
underlying ACR [10-12].

The cellular adaptive immunity is a critical player of the
alloresponse against the graft [13,14] as a consequence of
direct cell-to-cell contact between naive alloreactive T cells
with antigen-presenting cells (APCs). Subsequently, activated
alloreactive T cells could be detected by the expression of
different surface antigens with different functions (CD25,
CD28, CD38, CD69, CD95 and CD154) [10,15,16]. The role
of these surface antigens in alloreactive response is crucial
to understand allograft injury, and therefore to validate them
as predictive and prognosis biomarkers of ACR and post-
transplant outcome, respectively.

To date, numerous methodologies have been evaluated
to measure the changes in the expression level of different
immune antigens following the initiation of IS therapy
to find biomarkers and establish reliable trials to monitor
the individual response to IS therapy [17-19]. For instance,
immunophenotyping of different T cell subsets, as well
as the assessment of T cell activation status employing
flow cytometry (FCM), is well accepted as current practice
in transplantation medicine for routine CMI monitoring
[20,21].

Therefore, this study aimed to analyse the expression
of CD25, CD38, CD69, CD95 and CD154 on CD4* and
CD8" T cells in a cohort of patients undergoing LT to
determine their influence on ACR using multi-parametric
FCM functional assay in an attempt to identify biomarkers
of susceptibility to design new strategies to prevent, detect
and reduce the ACR in LT.

Material and methods

Study design

A total of 30 consecutive liver transplant recipients (LTr)
were recruited at the University Clinic Hospital Virgen
de la Arrixaca (Spain). Socio-demographic data (age, sex),
main liver transplantation indications, post-transplant com-
plications (ACR) and immunological characteristics were
studied (Table 1). All patients were immunologically moni-
tored prior to transplantation when they were on the
waiting-list and followed up for 1 year after transplantation.
The study design is represented in Fig. 1.

In our cohort, 76:7% (n = 23) of patients were male
and 23-3% (n = 7) were female. The recipient mean age
was 524 + 1.9 (range = 20-66), while the donor mean
age was 599 + 2.8 (range = 24-81). All LT conducted
in this study came from cadaveric donors.

Pediatric, retransplanted and combined transplant patients
were excluded. The inclusion criteria were ABO compatibility,
whole liver allograft, immunosuppressive therapy based on
tacrolimus (TRL) with or without mycophenolate mofetil
(MMF) as well as HIV-negativity.

All patients gave their informed consent for inclusion
before they participated in the study. The study was con-
ducted in accordance with the Declaration of Helsinki,
and the protocol was approved by the Ethics Committee
of HUVA (PI19/01194).

Diagnostic criteria of liver transplant indications

Liver transplantation indications considered in this study were
alcoholic cirrhosis (60%) with and without hepatitis infection
(20 and 40%, respectively), viral cirrhosis due to hepatitis C
infection (HCV) (20%) and other liver diseases, such as pri-
mary biliary cirrhosis (3-3%), Budd-Chiari syndrome (3-3%),
primary sclerosing cholangitis (6-7%) and cholangiocarcinoma
(6:7%) (Table 1). HCV and HBV pre-infection diagnoses
were determined according to Legaz et al, 2016 [2].

Acute cellular rejection diagnosis

The diagnosis of liver ACR was based on conventional
clinical, biochemical and histological criteria. The Banff
scheme was used for ACR diagnosis and for grading liver
rejection [22-24].

For this study, two study groups were established: with
acute cellular rejection (ACR; 40%, n = 12) and without
acute cellular rejection (NACR; 60%, n = 18). Episodes
of rejection were treated with high-dose methylpredniso-
lone (one bolus of 500 mg for 3 days).

Immunosuppression therapy

In this study, two groups of patients with different immu-
nosuppressive therapies were analysed as follows: tacrolimus
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Table 1. Socio-demographic, clinical and immunological characteristics of patients undergoing liver transplantation and its relationship with acute cel-

lular rejection

Total LT, N=30 (%) ACRn=12(%) NACR n =18 (%) OR 95% CI P, P,
Recipient gender, n (%)
Male 23 (76-7) 10 (83-3) 13 (72-3) 0-52 0-27-0-99 0-048 0-305
Female 7 (23-3) 2 (16-7) 5(27-8)
Age, mean + s.e.m. (range)*
Recipient 52-4 + 19 (20-66) 50-7 + 3-6 (20-65)  53-6 + 2-0 (40-66) 097 0-94-0-99 0-734 0-731
Donor 599 + 2.8 (24-81) 587 +4-8 (24-76)  60-7 + 3-4 (25-81) 0-99 0-94-1-04 0-884 0-810
Main indications for LTr, n (%)
AC 18 (60) 5 (41-6) 13 (72:2)
Viral AC** 6 (20) 1(8:3) 5(27-8)
Non-viral AC 12 (40) 4(333) 8 (44-4) 1-06 0-57-1-98 0-848 0-724
HCV cirrhosis 6 (20) 4(33:3) 2(11-1)
Others*** 6 (20) 3(251) 3(167)
Immunosuppression therapy, n (%)
TRL 17 (56-7) 7 (58:3) 10 (55-6) 1-86 1.08-3-21 0-026 0-803
TRL + MMF 13 (43-3) 5 (41.7) 8 (44-4)
HLA-A mismatch,? n (%)
0 MM 0(0) 0(0) 0(0)
1 MM 13 (43-3) 5(41-7) 8 (44-4) 1-12 0-66-1-89 0-671 0-057
2 MM 17 (56-7) 7 (58-3) 10 (55-6)
HLA-B mismatch, n (%)
0 MM 1(3:3) 1(8:3) 0(0)
1 MM 8(267) 1(8:3) 7 (389) 1.66 0-99-2-78 0-05 0-083
2 MM 21 (70) 10 (83-3) 11 (61-1)
HLA-DRBI mismatch, n (%)
0 MM 0(0) 0(0) 0(0)
1 MM 11 (36-7) 3(25) 8 (44-4) 2-40 1-36-4-23 0-002 <0:001
2 MM 19 (63-3) 9(75) 10 (55-6)
Pretransplant
cellular parameters
Total lymphocyte (%) 129+19 16-33 + 2.68 797 +1-89 097 0-94-0-99 0-011 0-646
Total lymphocyte (cells/mm?) 1496-67 + 110-91 1265 +122-63 1651-11 + 158-04 0-99 0-99-1-00  0-633 0-073
Total leukocyte (x10°/1) 6-77 £ 0-69 6-81 £ 0-77 6-75 % 1.05 0-97 0-83-1-22 0-968 0-742
CD4*CD154" T cells (%) 3.06 £ 0-28 428 +0-43 2:24 £ 021 2-58 1-31-5-09 0-006 0-004
CD8*CD154" T cells (%) 0-85 £ 0-06 0-62 + 0-08 0-99 £ 0-06 12.07  4.32-33.71 <0-001 <0-001

N = total number of individuals; # = number of patients in each group- AC = alcoholic cirrhosis; ACR = acute cellular rejection; CI = confidence in-

terval; HCV = hepatitis C viral infection; HLA = human leukocyte antigen; LTr = liver transplant recipients; MM = mismatch; MMF = mycophenolate

mofetil; NACR = non-acute cellular rejection; OR = odds ratio; s.e.m. = standard error of the mean; TRL = tacrolimus. All comparisons were made

between ACR and NACR groups.
*Age is expressed in years;
**HCV infection;

**primary biliary cirrhosis, 1 (3-3%); Budd-Chiari syndrome, 1 (3-3%); primary sclerosing cholangitis, 2 (6-7%); cholangiocarcinoma, 2 (6:7%).

P, = P-value obtained comparing total ACR patients versus NACR groups in univariate analysis. P, = P-value obtained from logistic regression mul-

tivariable analysis for ACR. P-values marked in bold type are statistically significant (P < 0-05).

aMatch or mismatch of HLA alleles between liver recipient—-donor pairs. Categorical variables were compared by the two-sided Fisher’s exact test or

two-sided Pearson’s ¥ test. Continuous variables were compared by the two-sided Mann-Whitney test and are expressed as mean + s.e.m.

(TRL) in monotherapy (56:7%; n = 17) and TRL with
mycophenolate mofetil (MMF) in double immunosuppres-
sion therapy (43-3%; n = 13).

Immunosuppression therapy was based in the admin-
istration of either TRL (Prograf, Astellas Pharma,
Addlestone, UK) with a target dose of 5 mg/day or MMF
(CellCept’; Roche Pharma, Switzerland) with a target dose

© 2020 British Society for Immunology, Clinical and Experimental Inmunology, 203: 315-328

of 2000 mg/day. All patients in this study were under the
same immunosuppressive conditions.

All patients also received methylprednisolone as the
main corticosteroids-based therapy (Dacortin” 20 mg/day)
in patients with high immunological risk. Corticoids were
gradually reduced to 5 mg/day until the third month
post-transplantation. Given the number of side effects with
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Study design (N = 30)
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Fig. 1. Illustrative chart for the sample collection and immunological determinations in this study. A total of 30 LTr were analysed in this prospective
observational study for the expression of CD25, CD38, CD69, CD95 and CD154 antigens on CD4* and CD8" T cell at pretransplantation as well as at
different time-points during the first year post-transplant. WPB samples were obtained by venepuncture in heparin tube for in-vitro activation of T

cells with Con-A for 72 h. Following cell culture, patient samples were analysed in multi-stain FCM to determine antigen expression on CD4* and

CD8" T cells. Different immunological parameters were also obtained using routine Coulter analyser. Tx = transplantation; n = number of patients;

WPB = whole peripheral blood; FCM = flow cytometry; LTr = liver transplant recipients; Con-A = concanavalin A.

glucocorticoids, patients with stable graft function
attempted to wean from steroids as early as possible.

Sample collection and DNA preparation

Samples were obtained from whole peripheral blood (WPB)
or donor spleen. Genomic DNA was extracted using the
Maxwell” 16 platform (Promega, Madison, WI, USA),
according to the manufacturer’s instructions.

HLA tissue typing

Both patients and donors were Caucasian individuals geno-
typed for HLA. HLA-A, -B and -DRBI typing were analysed
using a polymerase chain reaction sequence-specific ampli-
fication (PCR-SSP) approach (Micro SSP™ Generic Trays;
One Lambda, Thermo Fisher Scientific Inc., Waltham, MA,
USA). Only HLA-A, -B and -DRBI1 antigens were studied,
because of their higher expression level and high polymor-
phism. HLA mismatch (MM) between patient and donor
was based at the allele level, as opposed to an HLA matching
approach, as described previously [25-28]. HLA mismatches
between liver recipient-donor pairs in the rejection direction
at any given loci were taken into account for the analysis.
The mismatch was defined when an HLA allele carried by
the donor was absent in the recipient (D*R"). For instance,
a zero antigen mismatch was considered if a donor was
homozygous at any given allele (i.e. HLA-A2, A2) and the
recipient was typed as HLA-A2, A2 or HLA-A2, A3.

Conversely, if the donor was typed as HLA-A2, A3 for a
HLA-A2, A23 or HLA-A23, A66 recipients, a single or double
mismatch at the HLA-A locus was considered, grouping the
recipients into 1 MM or 2 MM, respectively.

According to this analysis, three groups were established
for HLA mismatch; 0 MM corresponded to a fully matched
recipient-donor pair for HLA-A, B and DRB1; 1 MM
recipients with a single mismatch either at HLA-A, -B or
-DRB1 and 2 MM when recipient and donor had two
allele mismatches at any given HLA loci (Table 1).

Immunological analysis

Total leukocyte count (x10%/1), total lymphocyte count
(cells/mm?), total percentage of lymphocytes (%) and CD25,
CD38, CD69, CD95 and CD154 antigen expression levels
(%) on CD4" and CD8* T cells were analysed in all patients
in this study. For the analysis, a whole peripheral blood
(WPB) sample was taken at pretransplant as well as at
different time-points post-transplantation (7, 15, 30, 60,
90, 180 and 365 days), as shown in Fig. 1. Leukocyte
count, total lymphocyte count and total lymphocyte per-
centage were always obtained prior to in-vitro activation,
whereas percentages of different T cell subsets were ana-
lysed upon stimulation in cell culture.

The WPB was diluted with RPMI-1640 (1 : 10)
(BioWhittaker, Lonza, Belgium) and added to flat-bottomed
24-well tissue culture microtitre plates. All WPB samples
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were polyclonal-activated with lectin mitogenic concanavalin
A (Con-A), which is known for its ability to interact with
certain components of the T cell receptor [29] (1 mg/ml;
Sigma-Aldrich, St Louis, MO, USA), reaching a final con-
centration of 15 pg/ml and a final volume of 2 ml per
well (Fig. 2a).

Then, cell cultures were incubated for 72 h at 37°C in
a humidified 5% CO, incubator for in-vitro cell stimulation
(Fig. 2a), following the protocol described by Barten et al.
[30]. Upon in-vitro stimulation, activated WPB samples were
analysed in a multi-color FCM assay using monoclonal
antibodies (mAb). Briefly, 600 pl of stimulated samples were
centrifuged for 5 min at 390 g. After discarding the super-
natant, the pellet was resuspended in 200 pl of phosphate-
buffered saline (PBS). Samples were then incubated with
a combination of mAb, according to the manufacturer’s
instructions, following erythrocyte lysis by adding 2 ml
xlysis buffer (BD FACS™ Lysing Solution). The panel of
mAb included mouse IgGl, anti-human CD3-fluorescein
isothiocyanate (FITC), CD4-allophycocyanin (APC), CD8
peridinin—chlorophyll-protein complex Cy5.5 conjugate
(PerCP-Cy5-5), CD25-phycoerythrin  (PE), CD38-PE,
CD69-PE and CD95-PE (BD Biosciences BD, San Jose, CA,
USA) and mouse IgGl, anti-human CD154-PE (Beckman
Coulter, Marseille, France).

In all cases, isotype control antibodies were used in
order to assess the positivity of each fluorochrome; IgG1-
FITC and IgG1-PE (Beckman Coulter), mouse IgGlx-APC
and mouse IgGlk-PerCP (BD Biosciences). Medium fluo-
rescence intensity (MFI) was used as a relative measure-
ment of molecule expression.

Finally, patient samples were analysed in a flow cytom-
eter (FACScanto™ II; BD Biosciences). BD FACSDiva soft-
ware version 6.1.3 was used to analyse the percentage of
expression of CD25, CD38, CD69, CD95 and CD154 on
CD4* and CD8" T cells, as shown in Fig. 2b.

Statistical analysis

Demographic, clinical and immunological data were col-
lected in a database (Microsoft Access 11.0; Microsoft
Corporation, Seattle, WA, USA), and statistical analysis
was performed using spss version 20-0 software (SPSS
Inc., Chicago, IL, USA). Quantitative data were reported
as the mean + standard error of the mean (s.e.m.), whereas
qualitative data were reported as absolute and relative
frequencies.

To detect differences, Pearson’s y? and two-tailed Fisher’s
exact tests were run to compare categorical variables
between groups, and Wilcoxon’s and Mann-Whitney tests
were used to compare paired and unpaired continues vari-
ables, respectively. Multivariable logistic regression analysis
was applied to confirm positive associations [31]. A level
of P < 0-05 was accepted as statistically significant. Odds

CD154+ T cells in acute liver rejection

ratios (OR) and their 95% confidence intervals (CI) were
calculated to estimate relative risk. The Kaplan-Meier
method and log-rank test were used to compare between-
group differences [32].

Receiver operating characteristic (ROC) curves were
used to identify the optimal cut-off points for those sur-
rogate biomarkers deemed significant (CD4*CD154* and
CD8*CD154" T cells) to stratify patients at high risk of
ACR. Cut-off points were calculated based in the best
Youden index (sensitivity + specificity — 1) [33]. The area
under the ROC curve (AUC) were analysed: an area 0-7-0-8
was considered acceptable; an area of 0-8-0-9, excellent;
an area > 0.9, outstanding [34].

Any demographic, clinical and immunological variable
statistically significant at the univariate pretransplant cross-
sectional analysis as well as any known variable with
clinical importance was finally assessed in a backward
stepwise multivariate logistic regression.

Results

Patient enrollment and data acquisition

Donor and recipient socio-demographic, clinical and immu-
nological variables are given in Table 1, arranged by the
presence or absence of ACR. Of the 30 patients, ACR
occurred in 40% (n = 12), while the remaining 60%
(n = 18) maintained a stable graft function throughout
the whole study period. When comparing socio-demo-
graphic characteristics, only recipient gender was statisti-
cally significant (P = 0-048) in univariate analysis. There
was no further correlation regarding the pretransplant
disease or recipient and donor age with ACR. All socio-
demographic did not reach statistical significance in mul-
tivariate logistic regression.

The immunosuppression therapy was statistically sig-
nificant in univariate analysis (P = 0-026), but its effect
was not shown to have any impact on the patient outcome
when assessed with the multivariate analysis. Moreover,
neither leukocyte count (x10%1) nor total count of lym-
phocytes (cells/mm?) were associated with rejection,
whereas a lower percentage of total lymphocytes was shown
to be associated with a protective effect against ACR
development (16:33 + 2-68 versus 7-97 + 1-89; OR = 0-97,
95% CI = 0-94-0-99, P = 0-011).

Presence of HLA class I and class IT mismatch between
patient and donor increase the risk of acute cellular
rejection

Univariate analysis of the effect of HLA-A, -B and -DRBI
mismatch between patient and donor on the outcome of
LT associated the presence of HLA-B (OR = 1-66, 95%
CI = 0-99-2-78, p = 0-05) and -DRB1 (OR = 2-40, 95%

© 2020 British Society for Immunology, Clinical and Experimental Inmunology, 203: 315-328 319
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Fig. 2. In-vitro activation of WPB and posterior FACS analysis for the determination of activated CD4*CD154* and CD8"CD154" T cells. (a) Scheme
of the procedure for the preparation of cells for in-vitro activation with polyclonal mitogen (Con-A) and the monoclonal antibody n(mAb) used in
FCM assay. Cells were acquired in a BD FACSCanto™ II. (b) Gating strategy for the quantification of stimulated CD4*CD25*, CD4*CD38*,
CD4+*CD69*, CD4"CD95%, CD4*CD154" and CD8*CD25*%, CD8+*CD38*, CD8*CD69*, CD8*CD95*, CD8*CD154" T cells. Stimulated T cells show an
augmented size along the x-axis (FSC) and a more complex cytoplasm along the y-axis (SSC) (top left plot). CD3* activated T cells were delimited in
SSC confronted with forward light 1-FITC (FL1) plot (top right plot). T cell subsets were determined from the CD3* T cell gate confronting FL2-PE
(anti-CD25, anti-CD38, anti-CD-69, anti-CD95 and anti-CD154) against FL3-PerCP (anti-CD8) and FL4-APC (anti-CD4) (bottom plots). From each
patient sample at each time-point, a minimum of 10 000 CD3* T cells from tube 2 were acquired for the analysis. WPB = whole peripheral blood;

RPMI = Roswell Park Memorial Institute (culture medium); Con-A = concanavalin A; FITC = fluorescein isothiocyanate; PE = phycoerythrin;

PerCP-Cy5-5 = peridinin-chlorophyll-protein complex Cy5-5 conjugate; APC = allophycocyanin; SSC = side-scatter; FSC = forward-scatter.

CI = 1-36-4-23, P = 0-002) mismatches with an increase
in the frequency of ACR. HLA-DRBI1 withstood multivariate
analysis as the only remaining statistically significant factor
(Table 1; OR = 12.95, 95% CI = 3.18-52:65, P < 0-001).
Interestingly, in multivariate analysis, HLA-A and -B mis-
match showed borderline significance with detrimental
outcome.

Pretransplant distribution of the percentage of
CD4*CD154" and CD8*CD154" T cells in patients
awaiting LT

Prior to transplantation, stratification analysis of the
association of activated CD3* T cells with allograft ACR

320

linked the proportion of CD4*CD154" and CD8*CD154*
T cells with an increase in the frequency of ACR during
the first year post-transplant. None of the other surface
antigens expressed on activated CD3* T cells reached
statistically significant differences between both study
groups, ACR and NACR (data not shown). Patients who
developed ACR had higher percentages of CD4*CD154*
T cells compared with patients from the NACR study
group (Fig. 3a; 4-28 + 0-43 versus 2-24 + -21; P = 0-001).
Conversely, the percentage of CD8"CD154* T cells was
significantly lower in patients who developed ACR post-
transplantation (Fig. 3b; 0-62 + 0-08 versus 0-99 + -06,
P = 0-002).
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analysis at pretransplantation was performed by the two-sided Mann-Whitney test, where P < 0-05 was considered statistically significant.

Pretransplant percentages of CD4*CD154* and
CD8*CD154" T cells can distinguish between patients
with and without acute cellular rejection

Following stratification analysis, we aimed to study whether
the percentages of the two T cell subsets were capable to
stratify patients at high risk of ACR. For this purpose,
ROC curve analysis was subsequently applied. A pretrans-
plant percentage > 3-18% of CD4*CD154" T cells (Fig. 4a;
AUC = 0-852, 95% CI = 0-682-1-017, P = 0-001) stratified
liver patients at high risk of ACR. Similarly, patients with
a percentage of CD8'CD154" T cells < 0-8% (Fig. 4b;
AUC = 0-833, 95% CI = 0-671-0-996, P = 0-002) also were
at high risk of developing allograft rejection.

Following observation that the pretransplant percentages
of activated CD4*CD154" and CD8"CD154" T cells could
stratify patients at high risk of ACR, we further analysed
the power of these cut-off values from our proposed pre-
dictive biomarkers to determine whether patients in our
cohort who were above or below the cut-off at baseline
definitely developed ACR.

For the entire cohort, patients were classified at high
risk of ACR either when the percentage of CD4*D154*
T cells was > 3-18% or the percentage of CD8"CDI154*
T cells was < 0-8%. Based on these cut-off values, 60%
of LTr were at low risk of rejection, while the remaining
40% were classified as high risk of ACR.

Of the group of patients at low risk, 89% either with a
percentage of CD4"CD154" < 3:18% or CD8'CD154" T
cells > 0-8% did not reject their allograft; the remaining
11% developed ACR regardless of their biomarker values.
Conversely, from the group of high-risk patients, 83% with
a biomarker percentage above or below cut-off levels for
CD4*CD154* T cells for CD8*CD154" T cells, respectively,
developed ACR. The remaining 17% of patients showed
stable graft function despite being included into the

© 2020 British Society for Immunology, Clinical and Experimental Inmunology, 203: 315-328

high-risk group (sensitivity = 83-33%, 95% CI = 51-59-97-91;
specificity = 88-89%, 95% CI = 65-29-98-62; P < 0-001).

HLA mismatched patients with a pretransplant
percentage of activated CD4*CD154* > 3-18% and
CD8*CD154" T cells < 0-8% had an increased risk of
acute cellular rejection

Our pretransplant model of rejection was then assessed
in logistic regression analysis in order to validate both
the percentage of activated CD4*CD154" and CD8*CD154*
T cells as pretransplant risk factors for ACR. Additionally,
demographic, clinical and other immunological variables
statistically significant in univariate analysis or those con-
sidered relevant were included in this analysis.

Patients who presented a percentage of activated
CD4*CD154" T cells > 3-18% at pretransplant had a 2-58-
fold increase risk to develop ACR (P = 0-006). The impact
on ACR based on the pretransplant percentage of
CD4*CD154" T cells remained statistically significant in
multivariate analysis (OR = 8:10, 95% CI = 1.95-33.71,
P = 0-004). Similarly, the pretransplant percentage of
CD8*CD154" T cells also was shown to be a significant
risk factor to a worse post-transplant outcome (P < 0-001).
When the percentage of CD8"CD154" T cells was analysed
in multivariate logistic regression analysis, it was shown
as the strongest pretransplant patient risk factor associated
with ACR (OR = 2243, 95% CI = 4.73-88-45, P < 0-001).
These data are summarized in Table 1.

At pretransplant, HLA mismatch was shown to have a
detrimental effect on the post-transplant outcome. HLA-
DRB1 mismatch between donor and recipient revealed a
strong predictive effect towards a higher frequency of ACR
(Table 1, OR = 12.95, 95% CI = 3:18-52:65, P < 0-001).
HLA-A and -B mismatch demonstrated borderline sig-
nificance with ACR (P = 0-057 and 0-083, respectively).
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The pretransplant percentage of activated CD4*CD154*
and CD8*CD154" T cells, as well as HLA mismatch, were
suggested as important predictive risk factors contributing
to post-transplant cellular rejection in patients awaiting LT.

The pretransplant percentage of CD4*CD154* and
CD8"CD154* T cells was associated with a higher
frequency of acute cellular rejection

The 1-year probability of ACR for the whole cohort was
12%, with an accumulative probability of ACR-free time
at 12 months of 49%. The average estimated time of ACR
was 5 months, ranging from 1-2 to 8-3.

Of the group of patients with ACR, those whose per-
centage of CD4*CD154" T cells was > 3-18% had a shorter
1-year ACR-free time compare to those with cut-off values
< 3-18% (Fig. 5a; 1-year ACR-free time: 85-7 versus 14-3%,
P = 0-012). The average estimated time of ACR in this
group of patients was 5-9 months, ranging from 3-5 to 8-4.

Liver patients with a percentage of CD8*CD154* T cells
< 0-8% also had a shorter 1-year ACR-free time compared
to those whose cut-off values were > 0-8% (Fig. 5b; 1-year
ACR-free time: 71-4 versus 28-6%, P < 0-001). The average
estimation time of ACR in this group was 2-6 months,
ranging from 0-7 to 4-5.

Post-transplant monitoring of CD4*CD154* and
CD8*CD154" T cells in liver transplant recipients

Post-transplant monitoring of LTr took place at several
different time-points for percentages and absolute numbers
of total leukocytes and total lymphocytes as well as total
percentages of both activated CD3* T cells subsets. These
data are summarized in Table 2.

Those LTr who rejected the allograft showed a statisti-
cally significant higher proportion of CD4*CD154" T cells
at 7 (239 + 0-56 versus 0-87 + 0-09, P < 0-001) and 15
(221 + 043 versus 099 + 0-11, P = 0-01) days post-
transplantation (Fig. 6a). The proportions of activated
CD8CD154* T cells were statistically significantly higher
in ACR at 7 (12 + 0-07 versus 0-67 + -09, P < 0-001)
and 15 (1-25 % 0-12 versus 0-76 + 0-08, P = 0-04) days
post-transplantation compared to NACR (Fig. 6b). Both T
cell populations normalised their levels from day 15 onwards,
and differences were not statistically significant by 1 month
until the end of the follow-up period of the study.

To further investigate the changes in the kinetics of both
T cell populations described earlier, post-transplantation in
LTr, pretransplant proportions of CD4'CD154" and
CD8*CD154" T cells were compared against its levels at
1 month.

(@) CD4+CD154+ T-cells (b) CD8+CD154+ T-cells
10 / 10 7
061 / 7 087 A2
z z
:E 08 "_>' 056
x =
(%] (%]
= c
Q 04 Q 04
w (%]
oz AUC = 0.852 on / AUC=0.833
’ 95% Cl = 0.682-1.017 - V. 95% Cl = 0.671-0.996
Cut-off > 3.18% Cut-off < 0.8%
1- specificity 1- specificity
Activated T-cells Cut-off (%) AUC (95% CI) Sensitivity (95% CI) Specificity (95% CI) P value’
Liver transplant (N = 30)
9% CD4+CDIS4+T-cells | >318  0.897(0834-0.960)  85.71(75.29-9293) 8837(74929611) | 0001
% CD8+CD154+ T-cells <08 0.840(0.761-0.919) 80.56 (69.53-88.94) 81.25(67.37-91.05) 0.002

Fig. 4. Pretransplant ROC curve analysis, cut-oft, AUC, sensitivity and specificity values for the percentage of activated CD4*CD154* and
CD8*CD154* T cells in LTr. (a) The AUC' value determined a cut-off* > 3-18% of activated CD4*CD154* T cells that accurately stratified LTr at high
risk of ACR. (b) The AUC’ value determined a cut-offf < 0-8% of activated CD8*CD154" T cells that accurately stratified LTr at high risk of ACR.*
AUC = area under the curve; 95% CI = 95% confidence interval; ROC = receiver operating characteristic curve; LTr = liver transplant recipients;

ACR = acute cellular rejection. JAUC = values considered in this study: 0-7-0-8 as acceptable; 0-8-0-9 as excellent and > 0-9 as outstanding. Both AUC
values were considered excellent. *Youden index (sensitivity + specificity - 1) was carried out to obtained the most accurate cut-off values, represented
by the arrow, capable to stratify patients at high risk of ACR for the pretransplant percentages of activated CD4*CD154* and CD8*CD154" T cells.

TStatistically significant P <0-05 is denoted in bold type.
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Although LTr with ACR showed a higher percentage
of CD4*CD154" T cells at 7 and 15 days post-transplan-
tation compared to NACR, the proportion of this T cell
subset was significantly lower at 1 month than its pre-
transplant levels in both study groups, ACR (Fig. 6c;
1-51 + 0-23 versus 428 + 0-44, P = 0-017) and NACR
(Fig. 6¢; 1-13 + 0-27 versus 2-25 = 0-22, P = 0-008).

A comparative analysis assessing the changes in the
percentage of CD8*CD154" T cells between 1 month
and pretransplant was performed. Surprisingly, the analy-
sis revealed that this activated CD3* T cell subset expe-
rienced an expansion in ACR from day 1 post-transplant
throughout the following 1 month. The CD8*CD154*
T cells in recipients who rejected the graft had a sta-
tistically significant increased proportion when compared
against baseline (Fig. 6d; 1-04 + 0-15 versus 0-62 + 0-08,
P = 0-05). Interestingly, CD8"CD154* T cells in NACR
did not experience this proliferation, remaining similar
throughout month 1 (Fig. 6d; 102 = 0-09 versus
0-99 £ 0-06, P = 0-213).

Discussion

The relevance of the immunological characterization in
the recipient and donor before LT has been well docu-
mented to date, and it might be a key determinant in
LT success [35,36]. However, in a day-to-day environ-
ment, this practice is not routinely considered in the
LTr selection algorithm.

There have been substantial improvements in survival after
LT, and IS therapy is largely responsible for this achievement.
Nevertheless, LTr are exposed to lifelong IS, therefore sub-
stantially affecting patient wellbeing [37,38]. Furthermore,
ACR remains a considerable barrier to the long-term post-
transplant outcome [14,39,40], where CD4 and CD8 T cells
have been described as key players in the development of
both acute and chronic cellular rejection [41].

In this study, in-vitro activated CD3* T cells were moni-
tored for the expression of different surface antigens by
means of multi-parameter FCM assay in a cohort of LTr
during 1 year post-transplant identifying two different
subsets significantly associated with ACR, CD4*CD154*
and CD8'CD154" T cells.

Based on this premise, the main hypothesis of our
study was that ACR is associated with the percentage
of activated CD4*CD154* and CD8*CD154* T cells. Our
findings confirmed that percentages of both CD3* T
cell populations correlate with post-transplant outcome.
Although there seem to be differences in the behavior
between CD4'CD154* and CD8*CD154" T cells, it is
clear that both subsets contribute to allograft
rejection.

ACR is mainly carried out by allogeneic CD8* cytotoxic
T cells, which can directly recognize donor MHC class I
molecules in the allograft inducing tissue injury [42,43].
Indeed, the proportion of activated CD8*CD154" T cells
in ACR recipients from our cohort experienced a signifi-
cant proliferation throughout 1 month post-transplant
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conclusion regarding the role of TcM cells as a surrogate
biomarker of ACR. Therefore, this effector memory
CD8*CD154" T cell subset was described as one of the
extended driving participators in allograft rejection [54,55],
making it a perfect candidate for CMI monitoring.

The use of CMI has become a common approach in
the search for the most appropriate pre- and post-transplant
biomarkers [21]. Our group has paid special attention to
this strategy for more than a decade, not only to find
predictive biomarkers but also to understand how the
immune system behaves in heart, kidney and liver
transplantation.

In our study, we used an adapted protocol [30] employ-
ing in-vitro WPB stimulation with Con-A followed by
multi-parameter FCM assay. This methodology, as well as
similar approaches, have been applied in different
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single- and multi-center studies to assess the in-vitro
expression of different T cell antigens and the response
to the IS therapy, showing high sensitivity and specificity
[10,16,56,57]. These studies concluded that the evaluation
of these antigens could be applied to assess the sensitivity
of the patient to allograft rejection.

In this paper, in line with previous studies and the
current dogma, we have described that the early steps of
the ACR carried out by the donor-allospecific effector-
memory T cell compartment can be detected even prior
to transplantation. This T cell compartment is divided
into CD4 and CD8 T cells, where each of them has a
different role in orchestrating ACR. While CD8 T cells
directly kill cells expressing donor HLA molecules on the
graft, alloreactive CD4 T cells contribute to rejection by
means of cytokine secretion as well as alloantibody
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Fig. 6. Post-transplant monitoring of CD4*CD154* and CD8*CD154" T cells in LTr with and without ACR. (a) Percentages of CD4*CD154" T cells
between both study groups; black dots refer to ACR and white dots refer to NACR. (b) Percentages of CD8*CD154" T cells between both study
groups; black dots refer to ACR and white dots refer to NACR. (c) Differences in the percentage of CD4*CD154" T cells between pretransplant and

1 month post-transplantation; black bars refer to ACR and white bars refer to NACR. (d) Differences in the percentage of CD8*CD154" T cells
between pretransplant and 1 month post-transplantation; black bars refer to ACR and white bars refer to NACR. ACR = acute cellular rejection;
NACR = non-acute cellular rejection; pre-Tx = pretransplant- *P < 0-05, **P < 0-01, ***P < 0-001. Differences in the percentage of both activated CD3*
T cell subsets at 7, 15 and 30 days post-transplantation were analysed by two-sided Mann-Whitney test, where P < 0-05 was considered statistically

significant. *P < 0-05, °P < 0-01. Differences in the percentage of both activated CD3* T cell subsets between pr-transplant and 1 month post-

transplantation were analysed by two-sided Wilcoxon’s test, where P < 0-05 was considered statistically significant.
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production; a process where the CD154-CD40 cross-over
has a pivotal role [58-60].

Although the liver was traditionally considered an
immunologically privileged organ [61], nowadays liver
transplantation in sensitized patients would have a det-
rimental effect on both patient and graft survival [62].

Based on the results obtained from this study, we pro-
pose an algorithm that could be used to identify liver
patients with high immunological risk awaiting LT. This
algorithm will provide accurate information regarding the
immune status of the patient before transplantation. With
this information available, clinicians may highlight those
patients at high immunological risk eligible to receive
induction therapy [35,63-65]. Importantly, these tests do
not need to be performed immediately prior to trans-
plantation, but in a screening fashion. In this regard, DSA
screening plus CD4*CD154" and CD8'CD154" T cells
should first be performed to assess the risk of rejection
on a patients individual basis. Patient and donor HLA
tissue typing also should be performed to identify the
number of mismatches.

We believe that using the arsenal of tools currently
available in all histocompatibility laboratories, such as HLA
typing and DSA screening, together with the implementa-
tion of our screening assay for the CD4*CD154" and
CD8*CD154" T cells in patient selection strategy, may
benefit post-transplant outcome.

For instance, if a candidate for a LT is assessed for
ACR employing pretransplant percentages of CD4"CD154*
and CD8*CD154" T cells, we would be able to stratify
recipients either at high or low risk of rejection. This
information could help clinicians to decide whether the
patient should receive induction therapy as well as modu-
lating the immediate post-transplantation IS therapy
accordingly. Also, the surveillance of both T cell subsets
in post-transplantation could provide valuable input regard-
ing the prognosis of the transplant outcome. The informa-
tion regarding the humoral alloresponse will also add a
broader picture of the risk for a patient to develop an
antibody-mediated rejection.

We are aware of certain limitations derived from the
design of our study. One of the major limiting factors
is the reduced number of patients included in this study
due to a relatively short follow-up period, although this
is a common caveat in unicenter studies in organ trans-
plantation. Furthermore, this relatively small sample size
hints at a small proportion of event incidence that may
be underpowered to resolve the primary study outcome
with clarity. Future, longer and well-defined prospective
studies may aid to clarify the roles of CD4*CDI154*
and CD8*CD154" T cells in ACR and ascertain their
usefulness as biomarkers of CMI monitoring in LTr.

In summary, we have demonstrated that pretransplant
recipient factors remain critical determinants of outcome

in LT, despite the idea of immunological privilege.
Specifically, a higher proportion of CD4*CD154* and lower
proportion of CD8*CD154" T cells at baseline conveys a
significant augmented probability of ACR.

We propose the current practice of the implementation
of this non-invasive assay that will accurately stratify
patients at high risk of ACR. From our understanding,
we highlight the importance of executing an extended
algorithm in patient selection strategy for LT. Finally, our
results suggest that these biomarkers could be used as an
analytical tool to improve the prognosis of the post-
transplant outcome in adult liver recipients.
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