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< 1 Mes

1. Infecciones con patógenos 

resistentes a antibióticos:

• SAMR

• EFVR

• Clostridium difficile

2. Infecciones derivadas del 

donante (poco frecuentes):

• HSV, HIV, CML

• Virus West Nile

3. Infecciones derivadas del 

receptor (colonización):

• Aspergillus, pseudomonas

Infecciones nosocomiales Activación de infecciones latentes Infecciones comunitariasInfecciones nosocomiales Activación de infecciones latentes Infecciones comunitarias

Infecciones derivadas del donante:

• Mycobacterium tuberculosis

• Trypanosoma cruzi

• CMV, HIV, HSV

• Virus West Nile

• Coriomeningitis linfocítica 

• Chagas

Infecciones derivadas del receptor:

• Mycobacterium tuberculosis

• Strongyloides stercoralis

• Trypanosoma cruzi

• CMV, EBV, HSV

• HBV, HCV

• Histoplasma capsulatum, Coccidiodes immitis

Evaluación dinámica del riesgo de infecciónEvaluación dinámica del riesgo de infección

Trasplante

Tiempo

1-6 Meses

1. Con profilaxis NPC y antiviral (CMV, 

HBV):

• Poliomavirus BK, nefropatía

• C. difficile, colitis

• HCV, Adenovirus, influenza

• Cryptococcus neoformans

• Mycobacterium tuberculosis

2. Sin profilaxis NPC y antiviral

• Pneumocystis

• HBV

• Herpesvirus (HSV, VZV, CMV, EBV)

• Listeria, nocardia, toxoplasma, 

strongyloides, leishmania, T. cruzi

> 6 Meses

• Neumonía comunitaria

• Infecciones del tracto urinario

• Aspergilosis atípica

• Infecciones con nocardia, 

rhodococcus

Infecciones virales tardías:

• CMV (colitis y retinitis)

• Hepatitis (HBV, HCV)

• HSV (encefalitis)

• JC polyomavirus (LMP)

• Síndrome respiratorio agudo 

severo 
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Abstract

Purpose Human cytomegalovirus (CMV) active infection

(CMVinfection) poses serious risks to CMV-seropositive heart

transplant recipients. We evaluated the usefulness of simulta-

neous assessment of CMV-specific values for parameters of

the humoral (antibodies) and cellular (CD4+ and CD8+ T-

cells) immune responses in the identification of heart recipients

at risk of developing CMV infection after transplantation.

Methods We prospectively studied 38 CMV-seropositive

heart recipients. Anti-CMV antibody titers were assessed

using enzyme-linked immunosorbent assays. CD4+ and

CD8+ T-cell responses to overlapping peptide pools of the

CMV proteins pp65 and immediate early protein-1 (IE1)

were evaluated by flow cytometry. Immunological studies

were performed before transplantation and at 30 days after

transplantation. Patients with CMV infection were com-

pared with heart recipients without CMV infection.

Results During the 6-month follow-up period, 13 (34.2%)

patients developed CMV infection. At baseline, the mean

anti-CMV-IgG antibody titer was lower in patients who

developed CMV infection. This difference remained at

30 days after transplantation. One month after transplanta-

tion, the mean percentage of IE1-specific CD8+ T cells that

are IFNg-positive (CD8/IFNg+IE1) was lower in CMV-

infected patients. The predictive value of these variables at

30 days was increased when they were combined. Cox

regression analysis revealed an association between the risk

of developing CMV infection and the combination marker

(low anti-CMV titer [<16,100] and low CD8/IFNg+IE1

percentages [<0.40%], relative hazard, 6.07; p00.019).

The combination marker remained significant after adjust-

ment for clinical variables.

Conclusions This novel approach of a simultaneous assess-

ment of specific anti-CMV antibody titers and CD8/IFNg+

IE1 percentages might help identify heart transplant recipi-

ents with an increased risk of developing CMV infection.

Keywords Anti-cytomegalovirus antibodies . CD8 specific

T-cell response . cytomegalovirus . heart transplantation .

infection . immune monitoring
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Introduction

Active human cytomegalovirus (CMV) infection remains one

of the major clinical complications in heart recipients [1].

High rates of viral replication may lead to CMV disease,

whereas lower levels of CMV viremia have been associated

with more chronic abnormalities such as an increased risk of

rejection and graft dysfunction, opportunistic infections, ma-

lignancy, and other clinical complications [2]. Universal pro-

phylaxis with ganciclovir was introduced as an effective

option to prevent CMV infection. [3]. However, there is no

consensus on the duration of prophylaxis or the ideal antiviral

agent for long-term prophylaxis. In any case, the occurrence

of subclinical CMV infection [4], late CMV disease after

interruption of prophylaxis [5], and ganciclovir-resistant dis-

ease [6] highlights the need for new strategies. As CMV

disease occurs only when specific immune responses are

compromised, early evaluation of an individual’s protective

capacity could improve the accuracy of current monitoring

[7]. Monitoring CMV-specific immunity in immunocompro-

mised hosts could help identify high-risk patients and allow

prophylaxis to be tailored to individual needs [8].

We previously demonstrated that serum IgG monitoring

is useful for detecting patients at risk of severe infectious

complications after heart transplantation [9] and that quan-

titative assessment of specific anti-CMV antibodies identi-

fies patients at risk of CMV disease [10]. Several studies

have shown a positive correlation between CMV-specific

CD4+ and CD8+ T-cell counts and viral protection [11–15].

Most studies have focused on patients at a high risk (D+/

R-) for primary CMV infection [16–18]; however, despite

universal use of ganciclovir, CMV-seropositive recipients

may experience CMV infection.

Here, we investigated whether simultaneous assessment

of CMV-specific values for parameters of the humoral (anti-

bodies) and cellular (CD4+ and CD8+ T-cells) immune

responses could help identify CMV-seropositive heart recip-

ients with a high risk of developing CMV infection after

transplantation.

Material and Methods

Patients and Controls

We prospectively studied 38 CMV-seropositive heart recip-

ients from March 2006 to October 2008. Patients who died

during the first month after transplantation were not includ-

ed. Each patient was followed up for 6 months after trans-

plantation. Clinical and laboratory data were collected

prospectively using a standardized questionnaire during

scheduled check-ups after transplantation. All patients re-

ceived immunosuppressive induction therapy with

methylprednisolone and 2 doses of daclizumab (humanized

anti-IL2-R-alpha monoclonal antibody) (days 0 and 14).

Maintenance triple therapy was started 48 h after transplan-

tation and included a calcineurin inhibitor (tacrolimus [n0

35], or cyclosporin [n03]) depending on the side effects,

with mycophenolate mofetil and prednisone.

Universal prophylaxis with intravenous (IV) ganciclovir

or oral valganciclovir was administered. Prophylaxis also

included cephazolin on the first day after transplantation,

trimethoprim-sulphamethoxazole during the first year, nys-

tatin during the first month, and norfloxacin during the first

month. Itraconazole was indicated in patients with risk

factors for invasive aspergillosis. None of the patients re-

ceived intravenous immunoglobulin preparations before the

1-month assessment.

The investigators considered that it was important to take

into account the potential effect of heart surgery on the

immunological markers assessed. Therefore, a control group

comprising 32 age-matched surgical patients (open heart

surgery with extracorporeal circulation but no immunosup-

pression) was enrolled for cross-sectional comparison. The

presurgery diagnoses of surgical controls were valvular

heart disease (n027; 85%), ischemic heart disease (n03;

9%), and other conditions (n02; 6%).

Definition of CMV Infection

In all heart recipients, CMV antigenemia testing was fol-

lowed weekly from 2 to 4 weeks, every other week from

1 month to 3 months, and monthly from 3 months to

6 months after transplantation. Patients who had positive

persistent detectable CMVantigenemia in whole blood sam-

ples (with 2 or more positive samples) during follow-up

were considered to have active CMV infection. The first

day of detection CMVantigenemia was considered to be the

day of CMV infection. CMV infection was confirmed with

viral DNA quantification using polymerase chain reaction

(PCR [CMV viremia]). Quantification of CMV covered a

range of 600 to 100,000 copies/mL.

Immunological Assessment Points

Immunological markers were evaluated at 2 points in heart

recipients and surgical controls: baseline, when the patient

was included on the transplantation or heart surgery waiting

list and 1 month after transplantation or heart surgery.

Specific Anti-CMVAntibody Levels

Routine Screening for CMV IgG

Pretransplant screening for CMV IgG was performed with

an automated system, the LIAISON CMV IgG assay

J Clin Immunol



(DiaSorin, Saluggia, Italy), which uses chemiluminescent

immunoassay technology for the quantitative determination

of specific IgG antibodies to CMV.

Quantitative Studies of CMV IgG

Serum samples were divided into aliquots and stored at

−70°C until further processing. Human CMV IgG was

determined using a commercial indirect enzyme immu-

noassay (Enzygnost-CMV-IgG; Dade Behring, Marburg,

Germany) according to the manufacturer’s instructions.

All samples were diluted 1:230 and incubated on a micro-

titration plate coated with inactivated antigen derived from

human CMV-infected fibroblasts and simultaneously in wells

coated with antigen from non-infected cells (control antigen).

Optical density was measured using a SEAC Sirio S

(RADIM) photometer at 450 nm and 620 nm within the first

hour. Delta absorbances were calculated at different wave-

lengths and compared to those of the anti-CMV reference

(human serum containing IgG antibodies to CMV antigens).

For quantitative evaluation, measurements were corrected

using the alpha-method (Excel data sheet provided by manu-

facturer). The results are given as virus-specific antibody titers

[10].

A good correlation was found for anti-CMV antibody

levels obtained with both methods (r00.722, p<0.001)

(Spearman Rho).

Specific Anti-CMV Cellular Immune Levels

Ex Vivo Interferon Gamma (IFNg) Induction Assay

After isolation of peripheral blood mononuclear cells

(PBMC) from heparinized blood (Ficoll-Paque; Amersham

Biosciences), PBMCs were washed twice in sterile

phosphate-buffered saline (PBS) (Lonza, Verviers, Belgium)

and cultured in RPMI 1640 medium (Biochrome) supple-

mented with 10% (v/v) heat-inactivated FCS (Biochrome),

2 mM L-glutamine (Biochrome), and 1% antibiotics (peni-

cillin 100 U/mL, streptomycin 10 μg/mL). Cells were incu-

bated in bulk overnight for 16 h at 37°C in a humidified 5%

CO2 atmosphere in loosely covered Falcon 50-ml blue-cap

conical tubes (BD Biosciences). Next day, 400 μL of the

volume-adjusted cell suspension (2.5×106 cells/mL) was

transferred to Falcon 15-mL conical polypropylene tubes

(BD Biosciences). Immediately, 100 μL of RPMI/FCS me-

dium containing the single CMV peptides IE1 or pp65 (4

μL of stock solutions) was added. At 2 h, 500 μL of RPMI/

FCS medium containing 20 μg/mL of brefeldin A (BFA;

Sigma-Aldrich) corresponding to 1 μL of BFA stock solu-

tion (10 mg/mL) was added. The final concentrations of

each peptide and BFAwere 1 μg/mL and 10 μg/mL, respec-

tively. Unstimulated control samples were run in parallel (4

μL of pure DMSO instead of peptide stock solution). At 6 h,

cells were washed with 3 mL of ice-cold PBS (430 g for

8 min at 4°C), and carefully vortexed for 30 s. Cells were

then fixed with 1 mL of paraformaldehyde 4% for 10 min in

the dark at room temperature and then washed with 3 mL of

PBS containing 0.5% bovine serum albumin (wash buffer).

The supernatant was removed and tubes were blotted dry.

The pellets were resuspended in 500 μL of FACS-Perm

Solution (BD Biosciences) for permeabilization, incubated

for 20 min in the dark at room temperature, washed as

before, resuspended, stained with monoclonal antibodies

(80 μL total volume at 4°C for 30 min in the dark), and

washed once more before acquisition. The procedure corre-

sponds to that described by Bunde T. et al [11].

Monoclonal Antibodies and Peptides

The monoclonal antibodies used were as follows: fluores-

cein isothiocyanate (FITC)–conjugated anti-IFNg, phycoer-

ythrin (PE)–conjugated anti-CD38, peridinin chlorophyll

protein (PerCP)–conjugated anti-CD3, and allophycocyanin

(APC)–conjugated anti-CD8. All were purchased from Becton

Dickinson (San Jose, California, USA).

Standard 15–amino acid peptides (11 overlaps) spanning

the CMV IE-1 and pp65 proteins (Jerini Ag PepmixTM, Nr

301002 and 200902, respectively) were provided by Dr Flo-

rian Kern (Institut für Medizinische Immunologie der Charité,

Berlin, Germany). Stock solutions (8 or 80 mg/mL in DMSO)

were stored at −80°C.

Flow Cytometry

Cells were analyzed on a Becton Dickinson FACSCalibur®

interfaced with an Apple PowerMac using Cellquest Pro

software. The acquisition of at least 50,000 events within a

CD3+ lymphocyte gate was required for the analysis to be

valid. CD3+/CD8+ or CD3+/CD8– (used as surrogates for

CD4 T cells) were displayed in a CD38 versus IFNg dot plot

for data analysis, and subsets of positive cells were

expressed as a percentage of the respective reference popu-

lation (Fig. 1). Positive events in the corresponding regions

of unstimulated samples (DMSO) were used as negative

controls. The background signal of DMSO was subtracted

to obtain the frequencies of specific IE1 IFNg-positive cells

(Fig. 2). Percentages of CMV IE-1 and pp65-specific CD4+

and CD8+ T cells that are IFNg-positive are presented as

CD8 or CD4/IFNg+IE1 or pp65.

Other Immunological Markers

We also aimed to analyze the specificity of the predictive

value of the evaluated markers. For this purpose, we ana-

lyzed other humoral and cellular immunity markers and their
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relation to CMV-specific parameters. Serum IFNg concentra-

tion was quantified by ELISA (Human high sensitivity IFNg

ELISA Kit Diaclone SAS, France). Immunoglobulin levels

and IgG subclasses were determined using nephelometry.

Total CD3, CD4, CD8, NK, and B lymphocyte percentages,

as well as activated CD4 and CD8 T-cell percentages, were

determined by flow cytometry. These markers are studied on a

routine basis in our hospital. We also tested serum samples for

the concentration of specific IgG antibodies against other

viruses including anti–varicella zoster (ELISA, Binding Site,

Birmingham, United Kingdom) and anti–hepatitis B surface

antigen (ELISA, Ortho-Clinical Diagnostics, United King-

dom). Finally, we used 4-color flow cytometry to mea-

sure the proliferative response of peripheral CD3+, CD4

+, and CD8+ T cells to phytohemagglutinin mitogen

(PHA) using the fluorescent dye 5,6-carboxyfluorescein

diacetate succinimidyl ester (CFSE) in a subgroup of 12

heart recipients.

Fig. 1 Gating strategy for 4-color cytometric detection of the total

specific CD3+CD8+/IFNg+IE1 cell pool. Lymphocytes were gated

based on forward scatter (FSC) versus side scatter (SSC) (R1). CD3+ T

lymphocytes were gated by fluorescence intensity of CD3 versus SSC

(R2). CD3+/CD8+ or CD3+/CD8– (used as surrogates for CD4 T cells)

were gated by fluorescence intensity of CD8 versus CD3 (R4). The

percentage of IFNg-positive cells was displayed in a CD38 versus

IFNg dot plot from R4

Fig. 2 Higher CD8/IFNg+IE1 percentages at one month after trans-

plantation in a patient without CMV infection than in a heart recipient

who developed CMV infection during follow-up. Control (DMSO)

represents nonspecific stimulated cells compared with specific stimu-

lated cells (IE-1 peptides) and has to be subtracted to obtain the specific

CD8/IFNg+percentage
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Statistical Analysis

Statistically significant differences between qualitative var-

iables were calculated using the chi-square test. Differences

between quantitative variables were determined using the

Mann–Whitney test or t test as indicated. Overall differences

between more than 3 groups were assessed using an analysis

of variance. Significant differences were identified using the

post hoc least significant difference test. Receiver operating

characteristic (ROC) analysis was performed to identify cut-

off levels of selected parameters. Time-to-event analyses

were conducted using the Kaplan–Meier and Cox regression

methods. The presence of CMV infection was considered an

event. Time was calculated from the performance of the

immunological test to the first demonstration of CMV in-

fection in peripheral blood or to the end of follow-up. The

log-rank test was performed to analyze the equality of

progression curves. Correlations were assessed using Spear-

man’s rho or Pearson Tests as indicated. p values less than or

equal to 0.05 were considered statistically different. All

analyses were performed using SPSS 16.0 statistical soft-

ware for Windows (Statistical Package for Social Sciences

Inc., Chicago, Illinois, USA).

The study protocol fulfilled the ethical requirements of

the 1975 Declaration of Helsinki and was approved by our

local research ethics committee. All patients provided their

written informed consent.

Results

Clinical Data

During the 6-month follow-up period, 13 patients (34.2%)

developed CMV infection. The mean value of CMV anti-

genemia was 15 (range, 1–90) cells. The mean value of

CMV viremia was 14,313 (range 6,180–16,800) copies/

mL. The mean time until development of CMV infection

was 3.2±1.4 months after transplantation (interval, 1.6–

5 months). All episodes of CMV infection occurred after

the post-transplant immunological study. Preemptive anti-

CMV therapy was administered in 5 patients who were

found to have more than 30 cells in the CMV antigenemia

determination (IV ganciclovir [n03], oral valganciclovir

[n02]). CMV disease was diagnosed in 3 patients (pulmo-

nary [n01], hematologic [n01], gastrointestinal [n01]).

Patients who had developed CMV infection had a signifi-

cantly higher prevalence of bacterial or fungal infections

requiring specific intravenous antimicrobial therapy during

the 6 months of follow-up (Table I). These infections were

documented before and after CMV infection and were more

virulent in CMV-infected recipients (8 out of 10 cases of

aspergillosis, 3 out of 3 multiresistant Acinetobacter

baumannii infections, 4 out of 8 Pseudomonas aeruginosa

infections and 5 out of 11 Candida infections). During

follow-up, 1 of the 3 patients who developed varicella zoster

infection was CMV-infected. There were no cases of hepa-

titis B during follow-up.

Time Course of CMV-specific Antibody and Cellular Levels

The mean time from baseline to post-transplant evaluation

was similar in heart recipients with and without CMV in-

fection. When we compared baseline with 30-day post-

transplant values, patients with CMV infection disclosed a

nonsignificant decrease in anti-CMV titers (14,462±11,047

vs 8,877±8,280, p00.17) and a significant decrease in the

percentage of CD8/IFNg+IE1 cells (0.40±029 vs. 0.17±

0.15, p00.035). There was no decrease in the percentage of

CD8/IFNg+IE1 cells in non–CMV-infected patients (0.41±

0.45 vs. 0.53±0.64, p00.50). A nonsignificant decrease in

anti-CMV titers was also observed in these patients (24,926±

17,013 vs 18,061±15,193, p00.16). Interestingly, the anti-

CMV titer and the percentage of CD8/IFNg+IE1 cells

remained constant in the surgical controls.

Association Between Immunological Markers

and Development of CMV Infection

Table I summarizes the patients’ clinical data. There were no

significant differences in the clinical parameters monitored.

At baseline, the anti-CMV IgG titer was significantly lower

in patients who later developed CMV infection. This differ-

ence between these groups remained statistically significant

at 30 days after transplantation (Table II). Before transplan-

tation, specific anti-CMV CD4 and CD8 T-cell percentages

were similar in both groups. One-month after transplanta-

tion, the mean percentages of CD8/IFNg+IE1 CMV T cells

was lower in CMV-infected patients. The values for other

humoral and cellular immunity parameters analyzed to as-

sess specificity of the abnormalities encountered within the

tested humoral and cellular specific anti-CMV markers were

similar in both groups (Table III). Lymphoproliferative

responses against nonspecific stimuli evaluated in a small

subgroup of patients at 1 month after transplantation (CMV-

infected n06, non–CMV-infected n06) disclosed similar

results in both groups (Fig. 3).

Taking into account the differences observed in the com-

parison of means analysis, ROC analysis was performed to

set levels at which a response above or below indicated a

decreased or increased risk of CMV infection, respectively.

Patients were split into 2 groups according to the 30-day

post-transplant values of CMV IgG titer and CD8/IFNg+

IE1 percentages. Thresholds were established at 16,100

for CMV-IgG titer (sensitivity, 92%; specificity, 48%)
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and 0.40 for IE1 CD8/IFNg+percentages (sensitivity,

92%; specificity, 42%).

A survival analysis was performed. Lower CD8/IFNg+

IE1 percentages and anti-CMV titers were associated with

development of CMV infection (log rank, 4.17 [p00.04] and

5.21 [p00.02], respectively). Among the 25 heart recipients

with anti-CMVantibody titers lower than 16,100, the 1-, 2-,

and 3-month rates of development of CMV infection were

8%, 24%, and 28%, respectively, compared with 0%, 8%,

and 8% for the 13 patients with higher concentrations of

anti-CMV antibodies (>16,100) (Fig. 4).

We then evaluated whether the combination of markers

was more suitable for detecting patients at risk of CMV

infection. Results from the cross-table analysis are shown

in Table IV. The significance value of testing each of the

selected variables independently was improved when the

Table I Clinical characteristics of 38 heart recipients with and without CMV infection

Parameter Patients with CMV infection Patients without CMV infection p value

Number of patients 13 25

Age, years (range) 52.08 (29–63) 52.96 (22–66) 0.81

Male gender (%) 6 (46.1) 19 (76) 0.084

D+/R+serostatus (%) 6 (46.1) 20 (80) 0.09

Etiology (ischemic, %) 7 (53.8) 9 (36) 0.32

NYHA class IV (%) 5 (38.5) 9 (36) 0.88

Urgent transplant (%) 4 (30.8) 5 (20) 0.69

Pretransplant renal dysfunction (%) 2 (15.4) 3 (12) 0.93

Pretransplant treated diabetes (%) 3 (23.1) 5 (20) 0.97

Pretransplant left ventricular assist device (%) 2 (15.4) 3 (12) 0.98

Pretransplant infection (%) 1 (7.7) 3 (12) 0.96

Donor age, years (range) 41.5 (17–60) 33.8 (16–54) 0.11

Intubation time in hours 30.1 (27.6) 22.1 (13.9) 0.31

Time in intensive care unit, days 20.1 (23.1) 11.7(10.7) 0.24

Ischemia time, minutes 226.5 (60.4) 222.2 (50.8) 0.83

Extracorporeal circulation, minutes 175.3 (81.7) 138.2 (29.1) 0.15

LVEF 23.7 (13.4) 23 (9.1) 0.86

Primary allograft failure (%) 5 (38.5) 5 (20) 0.26

Acute Cellular Rejection (%) 2 (15.4) 7 (28) 0.46

Number of bacterial or fungal infections 2 (1.7) 0.6 (0.9) 0.002

Tacrolimus levels at day 30, ng/mL 11.5 (3.3) 12.9 (5.05) 0.36

Mycophenolate levels at day 30, ug/mL 1.56 (1.23) 2.68 (2.04) 0.26

Results are expressed as the mean (standard deviation) unless otherwise indicated. Statistically significant differences were calculated using the chi-

squared (Fisher exact) test and the t test. Abbreviations: CMV, cytomegalovirus; NYHA, New York Heart Association; LVEF, left ventricular

ejection fraction. Acute cellular rejection was defined as an ISHLT grade 1R or greater by protocolized endomyocardial biopsies. Bacterial and

fungal infections were defined as infections requiring specific intravenous antimicrobial therapy during the 6 months of follow-up

Table II Immunological parameters in heart recipients according to the presence or absence of CMV infection

Pre–heart transplant Post–heart transplant (day 30)

No CMV infection CMV infection p Value No CMV infection CMV infection p Value

n025 n013 n025 n013

% CD4/IFNg+IE1 0.08±0.02 0.05±0.06 0.74 0.15±0.46 0.08±0.18 0.63

% CD8/IFNg+IE1 0.41±0.45 0.40±0.29 0.97 0.53±0.64 0.17±0.15 0.013

% CD4/IFNg+pp65 0.13±0.10 0.13±0.08 0.72 0.13±0.14 0.19±0.23 0.31

% CD8/IFNg+pp65 0.80±0.86 1.01±1.01 0.94 0.75±0.76 1.05±1.03 0.32

Anti-CMV IgG titers 24,926±17,013 14,462±11,048 0.045 18,061±15,193 8,877±8,281 0.021

Values are expressed as the mean±standard deviation. Means were compared using a 2-tailed t test or Mann–Whitney test as indicated. CD4+ and

CD8+ IFNg–producing lymphocytes are expressed as a percentage of total CD4+ or CD8+ lymphocytes after antigenic stimuli
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CMV IgG titer was combined with the CD8/IFNg+IE1

percentage. The combination marker (lower CMV IgG titer

and lower CD8/IFNg+IE1 percentages 1 month after trans-

plantation) was present in 85% (11/13) of CMV-infected

patients and in only 36% (9/25) of the non–CMV-infected

patients (Fig. 5). Cox regression analysis revealed an asso-

ciation between the risk of developing CMV infection and

the combination marker (relative hazard [RH] 6.07; 95%

confidence interval, 1.34–27.48, p00.019). This association

remained significant after adjustment for distinct clinical

variables in the multivariate analysis. RH and p values

remained unchanged after adjustment for recipient sex

(RH, 6.07; p00.019), CMV serological status of donor

(RH, 6.07; p00.019), donor age (RH, 7.13; p00.011), intu-

bation time (RH, 11.7; p00.02), time in the intensive care

unit (RH, 7.04; p00.011), and extracorporeal circulation

time (RH, 7.39; p00.010). These variables disclosed a trend

Table III Other immunological parameters in heart recipients according to the presence or absence of CMV infection

Pre–heart transplant Post–heart transplant (day 30)

No CMV infection CMV infection p Value No CMV infection CMV infection p Value

n025 n013 n025 n013

IgG (mg/dL) 1,137±444 1,168±386 0.86 707±333 673±194 0.69

IgG1 (mg/dL) 700±292 850±372 0.29 413±119 476±241 0.29

IgG3 (mg/dL) 59±40 51±27 0.80 29±14 31±19 0.80

Anti-varicella (mIU/mL) 730±131 643±237 0.29 615±269 652±213 0.69

Anti-HBsAg (IU/mL) 4.28±7.81 8.5±20.8 0.52 25.2±33.3 38±48.8 0.45

IFN-gamma (pg/mL) 3.42±6.45 5.21±9.80 0.64 2.33±3.74 1.44±2.64 0.25

% CD3+ T cells 75±7 71±6 0.12 75±9 71±9 0.29

% CD4+ T cells 51±11 47±8 0.30 51±14 48±10 0.49

% CD4+CD38+DR+ 7.12±4.57 6.60±4.67 0.81 4.92±4.97 5.42±4.72 0.77

% CD8+T cells 24±8 23±11 0.91 24±10 22±5 0.69

% CD8+CD38+DR+ 24.68±11.25 25.32±19.30 0.92 23.72±13.92 21.96±19.62 0.76

% CD19+ B cells 14±7 15±7 0.71 15±7 19±7 0.18

% NK cells 10±7 12±8 0.31 7±5 9±5 0.44

Values are expressed as the mean±standard deviation. Means were compared using a 2-tailed t test or Mann–Whitney test as indicated. IgG, serum

immunoglobulin G. NK, natural killer cells (CD16+/CD56+CD3-). Anti-HBsAg, anti hepatitis B surface antigen antibodies. IFN-gamma: serum

concentration of interferon-gamma

Fig. 3 Percentages of CD3+, CD8+, and CD4+ CFSE proliferating

subsets to PHA at 1 month after transplantation were evaluated by

gating on CD3+ T-cells and measuring sequentially proliferating CD8+

and CD4+ subsets within the CD3+ subset

Fig. 4 Kaplan-Meier curves for the development of CMV infection in

heart recipients stratified by specific anti-CMV titers at 1 month after

transplantation
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towards an association with development of CMV infection

(Table II).

Correlation Between Immunological Markers

At baseline and 30 days after transplantation, there was no

correlation between specific anti-CMV humoral and cellular

parameters in patients with CMV infection. After transplan-

tation, non–CMV-infected recipients displayed a weak pos-

itive correlation between CD8/IFNg+IE1 cell percentages

and anti-CMV IgG titers (r00.43; p00.038).

We found no significant correlations in either group

between anti-CMV titers and CD8/IFNg+IE1 percen-

tages and other humoral and cellular immunity markers

included to assess the specificity of the association

between these markers and development of CMV infec-

tion (serum IFNg concentration, total IgG concentration,

IgG subclass concentration, and percentages of T, B,

and NK cells, as well as activated CD4+ and CD8+

T-cell subsets).

Correlation with Immunosuppressive Drug Levels

We found no significant correlations at 1 month after trans-

plantation between anti-CMV titers, CD8/IFNg+IE1 per-

centages, and immunosuppressive drug levels.

Comparison with Surgical Controls

At baseline, CMV-infected patients disclosed levels of anti-

CMVantibodies and anti-CMV specific lymphocyte subsets

similar to those of surgical controls. Interestingly non–

CMV-infected recipients had a significantly higher mean

titer of anti-CMV antibodies than controls (24,926±17,013

vs 10,317±10,179, p00.001). At 30 days after transplanta-

tion, CD8/IFNg+IE1 percentages were significantly lower

in CMV-infected patients than in controls (0.17±0.15 vs

0.53±0.71, p00.018). By contrast, non-infected patients

had higher concentrations of anti-CMVantibodies than con-

trols (18,061±15,193 vs 10,558±9,379, p00.031) and sim-

ilar percentages of CD8/IFNg+IE1 T cells.

Discussion

Our results show that lower CMV-specific values for parame-

ters of the humoral (antibodies) and cellular (CD4+ and CD8+

T-cells) immune responses could be a predisposing factor for

CMV infection. Even if the combination of both parameters

had low specificity, it might help to identify a subgroup of heart

recipients susceptible to developing CMV infection. CMV

infection developed almost exclusively in patients in whom

low anti-CMV antibody titers overlapped with a diminished

response of CD8/IFNg+IE1-specific T cells. If these data are

confirmed in larger samples, the potential role of the combined

evaluation in making clinical decisions about the prevention of

CMV infection should be studied.

At a time when heart recipients are given universal pro-

phylaxis or preemptive therapy guided only by serologic

status and monitoring of CMV viremia, immunologic assays

may make it possible to tailor prophylaxis, thus optimizing

exposure to drugs and reducing the likelihood of toxicity.

Table IV Association between immunological markers and development of CMV infection 1 month after transplant

Immunological marker Chi-square p Value SN SP PPV NPV LRP

% CD8/IFNg+IE1 <0.40%a 4.66 0.033 92 44 46 92 1.6

Anti-CMV IgG titers <16,100a 6.17 0.015 92 48 48 92 1.76

Combination markerb 8.108 0.006 85 66.6 55 88.8 2.5

aCut-off value obtained in ROC analysis
bCombination marker: Anti-CMV titers <16,100 and CD8/IFNg+IE1 cells <0.40%

SN sensitivity; SP specificity; PPV positive predictive value; NPV negative predictive value, LRP likelihood ratio positive

Fig. 5 Simultaneous assessment of CMV-IgG titer and IE-1 at 1 month

after transplantation enables more accurate prediction of CMV

infection
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Posttransplant immunological evaluation would enable clini-

cians to select seropositive candidates for long-term anti-

CMV prophylaxis (rather than prescribe universal prolongued

anti-CMV prophylaxis) and to identify an immunological

cutoff for risk of CMVinfection. . This would make it possible

to start anti-CMV prophylaxis in the absence of positive CMV

viremia tests. Further investigation is necessary to determine

whether these post-transplant immunological markers could

indicate when to stop antiviral prophylaxis once a protective

level is reached [19].

Since it is unlikely that any single marker could account for

the overall risk of CMV infection, immune-monitoring strat-

egies might also focus on specific immune profiles, rather than

on the measurement of isolated immune monitoring markers.

The simultaneous evaluation of distinct patterns of antibody

and T-cell responses might also prove useful in the study of

immune responses to other microorganisms [20].

Our results might also serve as a basis for the hypothesis

that a prophylactic protocol that is able to elicit both humoral

and cellular CMV-specific immune responses might be more

effective in protecting individuals from CMV infection [21,

22]. A beneficial effect of prophylactic CMVimmunoglobulin

on total survival and prevention of CMV-associated death in

solid organ recipients has been reported [23]. Adoptive trans-

fer of virus-specific T cells has the potential to accelerate

reconstitution of CMV-specific immunity [24].

Previous studies highlight the concept that CMV

responses have to be explored simultaneously using differ-

ent approaches. As far as the cellular immune response is

concerned, there is no consensus on the best strategy for

monitoring the risk of CMV infection or disease. Several

groups have studied the CD8-mediated response after stim-

ulation with the CMV peptides IE1 and pp65 in solid organ

recipients [8, 11, 12, 17, 25]. Others suggest that a decrease

in CMV-reactive CD4 T-cell percentages precedes clinical

symptoms [14, 26] or even that both CD4 and CD8 T cells

could be useful for monitoring patients after transplantation

[27]. Kirchner et al presented results on the T-cell responses

to pp65 and IE1, and showed the complexity of individual

responses in terms of breadth, dominance, and recognized

epitopes [28]. In our cohort, heart recipients who later

developed CMV infection disclosed lower percentages of

anti-CMV CD4/IFNg+IE1 and CD8/IFNg+IE1 T cells at

30 days, while at the same time, CD4+ and CD8+ responses

to pp65 tended to be higher. In addition, we failed to identify

a cut-off for CD8/IFNg+pp65, CD4/IFNg+IE1, and CD4/

IFNg+pp65 T-cell percentages that were associated with a

risk of CMV infection (data not shown). As far as the

humoral immune response is concerned, previous studies

have focused mainly on Th1 responses, excluding from their

analysis the potential effect of a protective Th2 pattern. It

has been suggested that some patients who are exposed to

CMV could fail to develop cellular immunity, but do in fact

develop an antibody response, and vice versa [29]. The

observation that humoral and cellular anti-CMV responses

may be divergent in healthy donors has been suggested [29]

and could explain the lack of correlation or weak correlation

between specific cellular responses and CMV IgG titer

observed in our cohort of seropositive patients. Such discor-

dance is an additional factor to be considered when analyz-

ing total (cellular and humoral) protective capacity.

We also found that the kinetics of the humoral and

cellular anti-CMV specific antibody responses might be

relevant. Assessment before and after transplantation could

help to determine the loss (or not) of intensity in specific

responses. In our study, a significant decrease in CD8/IFNg

+IE1 percentages up to 1 month after transplantation was

only observed in seropositive heart recipients who later

developed CMV infection. Interestingly, heart surgery might

not have a relevant effect on this lymphocyte population as

suggested by our observations in the surgical controls.

Individual baseline characteristics might also have been

associated with protection from CMV infection. In our study,

the mean baseline titer of anti-CMVantibodies was higher in

the group of patients who did not develop CMVinfection after

transplantation than in CMV-infected patients and controls.

Seronegative recipients are usually considered to have a high

risk of developing CMV disease, even though prevalence in

terms of absolute numbers of cases of CMV disease is greater

in D+/R+recipients. Manuel et al [30] showed that seroposi-

tive recipients presented transmission or reactivation of mul-

tiple CMV strains from the donor or from reactivation of a

recipient’s own strains. These authors also observed that, in

transplant recipients with CMV disease, mixed glycoprotein-

B genotype CMV infections are frequent (49% of patients

with CMV disease) and that this was associated with higher

viral loads and delayed viral clearance, irrespective of CMV

serostatus at baseline and other factors. Consequently, sero-

positivity does not necessarily confer a specific CMVadvan-

tage or protection against severe CMV infection (after

immunosuppressive therapy) [30, 31]. Further studies are

necessary to determine whether protection from CMV infec-

tion might depend on baseline immunological status (e.g. anti-

CMVantibody titer in seropositive recipients).

As low anti-CMV antibody levels and hyporesponse of

CD8/IFNg+IE1 T cells might merely reflect a compromised

immune response, we tested other immune markers to assess

the specificity of these abnormalities and found that they

seem to be specifically associated with the risk of develop-

ing CMV infection. Serum IFNg, total IgG, IgG1, and IgG3

concentrations, which are associated with control of viral

infections, were similar in both groups. In addition, the titers

of antibodies against other viruses were indistinguishable in

CMV-infected and non–CMV-infected heart recipients. On

the other hand, we found no significant differences in the

distribution of total T, B, and NK cell subsets in either
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group. In addition, the lack of correlations between these

markers and the routine markers of humoral and cellular

immunity we assessed might also indicate that these abnor-

malities reflect a distinct functional deficit that made these

patients more susceptible to CMV infection. Finally, post-

transplant nonspecific lymphocyte proliferative responses

evaluated in a subgroup of patients were similar in CMV-

infected and non–CMV-infected patients.

In our study, the frequency of acute cellular rejection was

lower in CMV-infected patients, although this difference was

not significant. The relationship between specific CD4+ and

CD8+ anti-CMV responses and acute cellular rejection

remains undefined. A higher CMV-specific CD4 T-cell im-

mune response in the first month after heart transplantation

has been associated with a protective rather than a deleterious

effect on cardiac allograft rejection [32]. Studies performed in

kidney recipients found an association between higher specif-

ic anti-CMV T-cell responses and a lower prevalence of

cellular rejection [33]. On the other hand, it has been sug-

gested that virus-specific memory T cells cross-react with

allogeneic HLA molecules [34] and that CMV infection indu-

ces CD8+ cytotoxic responses, thus leading to acute rejection

[35]. We did not find a significant association between spe-

cific CD4+ or CD8+ anti-CMVresponses and development of

acute cellular rejection (data not shown).

Our study is limited by the small size of the cohort.

Nevertheless, the immunological parameters assessed were

the only variables associated with the risk of CMV infection

that affected more than 30% of the cohort. Evaluation of

distinct clinical and routine immunological markers failed to

reveal an association with the risk of CMV infection. The

low frequency of patients with CMV disease we observed

prevented us from assessing the risk for developing this

complication. This may be due to the universal anti-CMV

prophylaxis regimen or the introduction of preemptive ther-

apy. Another limitation of our study is that we did not

analyze neutralizing anti-CMV titer for fibroblasts or for

epithelial cells. Lack of antibodies against the antigen do-

main 2 epitope of CMV glycoprotein B is associated with

CMV disease after renal transplantation [36]. On the other

hand, multifunctional CMV-specific CD4 and CD8 T-cell

responses should be evaluated. Further evaluation of both

humoral and cellular anti-CMV specific responses is antic-

ipated in the search for immune profiles associated with risk

of CMV infection in solid organ recipients.
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The Potential Role of T-Cell Memory Distribution as Predisposing
Factor for Rejection in Heart Transplant Recipients

N. Lanio, E. Sarmiento, A. Gallego, J. Fernández-Yánez, J. Palomo, J. Pérez-Rojas, and J. Carbone

ABSTRACT

CD4 T cells play a significant role in the pathogenesis of rejection, providing help to
alloreactive CD8 and B cells, however, the exact contribution of each memory compartment
in vivo has not been defined. They are also important for the maintenance of tolerance due to
regulatory activity of specialized subsets. In this study, we assessed changes in frequencies of
functionally distinct lymphocyte subsets of peripheral blood (PBLs) in 26 heart transplant
recipients (HT) in association with rejection episodes. Patients who developed rejection (n 5

7), namely Grade 3B (n 5 1), 3A (n 5 4), or 2 (n 5 2), in comparison with those with stable graft
function displayed at baseline (pre-HT) higher percentages of naive (CCR71CD45RA1) CD4 T
cells (median 48 vs 36.6%; P 5 .035) and lower percentages of central memory
(CCR71CD45RA2) CD4 T cells (33.3 vs 46.5%; P 5 .035). At 30 days post-HT, CD4/
CD127lowFoxP31 T cells were significantly reduced among patients with rejection episodes (0.84
vs 2.15%; P 5 .042). CD8 final effector T cells were increased at 90 days post-HT among those
patients who experienced rejection (TEM2: 60.8 vs 31.9%; P , .1), at the expense of shrinking CD8
central memory compartment (TCM: 8.6 vs 12.9%; P 5 .046). The potential role of T-cell memory
distribution should be further evaluated in HT patients as possible markers to discriminate patients
at risk for rejection.

R
EJECTION episodes are one of the major complica-
tions after solid organ transplantation, despite im-

proved induction and maintenance therapies. Although
mechanisms underlying allograft rejection remain to be
fully elucidated, CD4 T lymphocytes are known to be
crucial for the pathogenesis, not only by stimulating differ-
entiation/activation of cytotoxic CD8 T cells,1 but also by
causing direct lysis of graft cells through inflammatory
functions and complement activation.2,3 The critical role of
memory T cells in rejection has been demonstrated in
animal models,4 but their possible function has been less
investigated in human patients. All individuals possess a
high precursor frequency of T cells that exhibit alloreactiv-
ity5,6 and generation of allo-specific memory depends on
direct exposure to alloantigen after the transplantation. The
present study assessed whether immune monitoring of the
distribution of memory T cells could be useful to identify
patients at greater risk of rejection episodes.

MATERIALS AND METHODS
Patients and Healthy Donors

This prospective study performed at a single center enrolled 26

heart transplantation patients for 1 year follow-up. Their median

age was 59 6 9 years (range, 34–68); there were 7 women and 19

men. The incidence of rejection episodes between the HT date and

September 2008 (mean time of clinical follow-up, 109 6 121 days)

was registered together with measurements at pre-HT, 7 days, 30

days, 90 days, 180 days, and 365 days after HT. The etiology

requiring transplantation was ischemic cardiopathy (n 5 13),

dilated cardiomyopathy (n 5 8), valvular heart disease (n 5 4), or

other causes (n 5 1). Maintenance immunosuppressive treatment

included tacrolimus (n 5 25) or cyclosporine (n 5 1) plus

mycophenolate mofetil and prednisone. For induction therapy we

used a 2-dose regimen of daclizumab 1 mg/kg (days 0–14).

Prophylaxis of infections was performed with cephazolin
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trimethoprim-sulfamethoxazole, nystatin and either itracon-

azole or fluconazole (if indicated), and gancyclovir. Cytomega-

lovirus (CMV) hyperimmune globulin was indicated in high-risk

HT patients (D1/R2). Preoperative immunizations included

anti-pneumococcal and anti-hepatitis B (if indicated). Serial

endomyocardial biopsy specimens were obtained using right

cardiac catheterization at various times after HT. During the

first year after HT rejection events were described based on

right ventricular endomyocardial biopsy specimens as grade 2

(ISHLT) or greater. Over the follow-up period, 7/26 patients

(27%) had at least 1 acute rejection episode at a mean time after

HT of 3.6 months (range, 1– 8). The distribution of rejections

was as follows: Grade 3B (n 5 1); 3A (n 5 4), and 2 (n 5 2).

As a control group we enrolled 26 age- and gender-matched

healthy controls (HC) of median age 51 6 6 years (range, 44–62)

including 3 women and 23 men.

The study protocol was conducted according to the ethical

guidelines of the 1975 Declaration of Helsinki and approved by our

hospital research ethics committee. Informed consent was obtained

from all subjects.

Cell Surface and Intracellular Staining

Blood samples were collected into tubes containing ethylene

diamine tetraacetic acid (EDTA) for cell surface staining using

various combinations of fluorochromes conjugated to monoclo-

nal antibodies (MoAbs). Briefly, 100 mL whole blood (WB)

added to mixtures of directly conjugated MoAbs at saturating

concentrations was incubated for 20 minutes at room tempera-

ture. Then, erythrocytes were lysed by addition of 2 mL lysis

buffer (Facslysing solution, Becton Dickinson, San Jose, Calif,

United States) for 15 minutes prior to washing twice with

phosphate buffered saline PBS before acquisition. To avoid

antibody staining, inhibition of membrane immunoglobulin

(Ig)M by pentameric IgM from serum, WB was washed to

remove it before surface staining.

For intracellular staining of FoxP3 cells were fixed with 1 mL

paraformaldehyde (4%) for 10 minutes in the dark prior to

washing with 3 mL PBS containing 0.5% bovine serum albumin.

The supernatant was removed and the tubes were blotted dry.

Permeabilization was performed with 500 mL of FACS-Perm

Solution (BD Biosciences) incubated for 20 minutes in the dark

at room temperature followed by washing, and staining with the

corresponding monoclonal antibody at 4°C for 30 minutes in the

dark. Finally, cells were washed once more before acquisition.

MoAbs

To determine lymphocyte subsets we used the following MoAbs:

fluorescein isothiocyanate (FITC) conjugated anti-CD27,

CD45RA, HLA-DR, CD56, and CD127 (eBioscience Inc., San

Diego, Calif, United States; phycoerythrin (PE) conjugated

anti-IgD, CCR7 (R&D Systems Inc., Minneapolis, Minn, United

States), CD38, CD25, and CD16; peridinin chlorophyll protein

(PerCP) conjugated anti-CD19, CD4, and CD3; and allophyco-

cyanin (APC) conjugated anti-IgM, CD8, CD19, and FoxP3

(eBioscience Inc.). lgG1 and lgG2a isotypes were used as

controls (all, but detailed exceptions were obtained from Becton

Dickinson).

Table 1. Baseline Relative Numbers of Different Lymphocyte Subsets From HT Patients With/Without Acute Rejection Episodes

and HC Reference Values

R (n 5 7) SGF (n 5 19) HC (n 5 26) P Value (R vs SGF)

% CD 191 4.29 6 1.1 6.33 6 6.7 9.6 6 3.9 .248

% B Naive 71.25 6 22 52.02 6 19 58.93 6 17 .340

% B Memory nonswitched 7.71 6 8.6 8.61 6 10 17.29 6 11 .402

% B Memory class-switched 12.30 6 11 14.56 6 10 15.74 6 9.1 .583

% NK (CD32CD561CD161) 10.02 6 1.7 11.10 6 9.4 10.50 6 5.6 .665

CD4:CD8 ratio 2.57 6 2 2.13 6 1.4 1.9 6 0.8 .435

% CD41 47.71 6 10 42.42 6 12 46.91 6 8.2 .285

% CD4 naive 48.04 6 13 36.56 6 16 32.70 6 15 .035*

% CD4 TCM 33.32 6 14 46.54 6 11 48.13 6 13 .035*

% CD4 TEM1 8.60 6 7.9 15.83 6 9.7 12.99 6 8.6 .157

% CD4 TEM2 2.34 6 2.4 1.02 6 4.3 0.67 6 2.9 .370

% CD81 17.22 6 12 20.70 6 10 24.08 6 6.5 .665

% CD8 naive 20.65 6 9.8 18.73 6 14 30.97 6 15 .402

% CD8 TCM 7.27 6 7.9 11.11 6 10 14.97 6 8.1 .260

% CD8 TEM1 20.66 6 7.7 23.30 6 16 22.94 6 12 .665

% CD8 TEM2 50.10 6 19 38.48 6 22 29.31 6 12 .506

% CD4/DR1CD381 6.51 6 2.8 6.87 6 4.8 2.94 6 2.1 .712

% CD4/CD251 60.76 6 9.4 65.42 6 11 61.19 6 11 .795

% CD8/DR1CD381 20.22 6 11 25.01 6 18 10.40 6 6.8 .658

% CD4 regulatory cells 7.47 6 4 6.17 6 7 5.00 6 1.5 .637

% Monocytes 6.59 6 3 5.76 6 2.6 5.06 6 1.3 .610

% Monocytes/DR1 86.94 6 5.5 92.82 6 19 91.90 6 6.9 .308

Abbreviations: R, rejection; SGF, stable graft function.
Note: Median Values 6 SD. B, T, and NK lymphocyte are expressed as percentage of total PBLs; B subsets as percentages of CD191; T subsets as percentages

of CD41 and CD81. Phenotypic definitions on M&M (flow cytometric analysis).
*Statically significant difference using Mann-Whitney U test.
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Flow Cytometric Analysis

Acquisition and analysis were performed on FACSCalibur (Bec-

ton Dickinson) using Macintosh CellQuest Pro software. For

optimal analysis we acquired a minimum of 20,000 events within

a lymphocyte or monocyte light-scatter gate. Naive B cells were

established as CD191/CD272lgM1lgD1; nonswitched mem-

ory as CD191/CD271lgM1lgD1 and class-switched memory

were established as CD191/CD271lgM2lgD2. For the T-cell

maturation profile CD4 and CD8 subsets were analyzed on the

basis of CD45RA and CCR7 expression. RA1CCR71 charac-

terized naive T cells; RA2CCR71 T central memory (TCM);

RA2CCR72T effector memory (TEM1); and RA1CCR72 com-

prises final effector cells (TEM2). HLA-DR, CD38, and CD25

were assessed as activation markers. Regulatory cells were evaluated

as CD4/CD25highCD127lowFoxP31. Because induction therapy

made us unable to identify this subset due to transient blockade

of CD25 during the first 3 months, regulatory cells were identified

by CD127lowFoxP31 phenotype.

Statistical Analysis

Because most values were not normally distributed (Shapiro-Wilk

test) statistical comparisons among different groups (rejection vs

normal graft function) were performed using the nonparametric

Mann-Whitney U test. P , .05 was considered to be significant. All

analyses were performed using SPSS 16.0 statistical software for

Windows (SPSS Inc., Chicago, Ill, United States).

RESULTS

To assess possible changes in PBL subsets, we evaluated
a cohort of 26 HT patients before and after the trans-
plantation. The protocol included the distribution of B-

Fig 1. (A) Dot plots from 2 representative HT patients, with rejection (HTR1) and stable graft function (HTR2) showing CD4 T-cell
memory profile at baseline. Relative frequencies of each quadrant are indicated. Line graphs show longitudinal assessment of CD4
naive (B) and CD4 TCM (C) subsets, for 1-year follow-up. Solid lines represent median values for positive rejection patients and broken
lines represent median values for stable graft function patients. Nonparametric Mann-Whitney U test was performed.
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and T-cell memory as well as regulatory CD4 cells, and
activation markers on T lymphocytes and monocytes.
Table 1 shows the frequencies of various subsets before
HT among patients who developed rejection after HT
compared with those subjects with normal graft function.
We have also indicated HC reference values. In general,
both groups displayed similar frequencies of analyzed
subsets. Only the distribution of memory CD4 T cells
displayed differential behavior among rejecting patients,
with greater percentages of the naive subset and subse-
quently lower central memory frequencies. These differ-
ences remained statistically significant at 7 days for CD4
naive (median, 46.8 vs 29.5%; P 5 .013), but not for the
CD4 TCM subset (Fig 1).

In prospective follow-up studies, at 30 days patients
with rejection episodes showed a significant decrease in
CD127lowFoxP3 frequencies (median, 0.84 vs 2.15; P 5 .042).
Also, CD8 memory subsets revealed a distinct distribution
between patients with allograft dysfunction versus those with
stable function. At 90 days post-HT rejecting patients dis-
played increased levels of CD8 final effector T cells (median,
60.8 vs 31.9; P , .1) and a low percentage of CD8 central
memory elements (median 8.6 vs 12.9; P 5 .046; Fig 2).

DISCUSSION

It has been proposed that frequency of circulating alloreac-
tive memory T cells correlates with allograft rejection in

Fig 2. Frequencies of specific subsets in HT patients with allograft rejection and stable graft function. (A) Regulatory T cells at 30
days post-HT; (B) CD8 final effector cells (TEM2 CD45RA1CCR72); and (C) CD8 central memory cells (TCM CD45RA2CCR71) at
90 days post-HT. Box plots show median, 25th, and 75th percentiles, and extreme values. Nonparametric Mann-Whitney U test was
performed.
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animal models,4,7 but the exact contribution of each mem-
ory compartment in vivo is unknown. In the human solid
organ setting, naive/memory distribution is altered due to
antigenic stimultation by graft alloantigens and immuno-
suppressant treatment. Some authors have proposed that
enhanced CD4 T-cell differentiation from a central memory
to an effector memory phenotype identified stemcell trans-
plant recipients at higher risk to develop graft-versus-host
disease.8,9 In our cohort we observed that patients who at
the baseline disclosed a distinct memory profile, character-
ized by higher frequencies of CD4 naive T cells, developed
rejection episodes after HT. Memory T cells specific for
alloantigen are generated after naive cells are exposed to
the implanted graft. Because all patients included in this
study were transplanted de novo, one may expect that
alloantigen-memory generation is favored by increasing
naive circulation in the periphery. Once the graft is recog-
nized, and specific alloantigen-memory repertoire is gener-
ated, the presence of increased percentages of CD8 cyto-
toxic final effector cells (TEM2) could raise cellular
rejecting funtions. In this regard, recent findings in murine
skin graft models have shown that either CD8 TCM or
TEM can mediate allograft rejection, but TEM cells have
an advantage over TCM in immune surveillance of periph-
eral tissues.10

CD25 high expression characterizes a subset of CD4
regulatory T cells (Tregs) that are considered to be essential
mediators of peripheral tolerance in transplant settings.
Some studies have shown a positive correlation between
Treg function and allograft survival.11–13 The expression of
FoxP3 on graft infiltrating cells has also been associated
with donor-specific hyporesponsivness, and less severe
chronic changes on kidney transplant biopsy specimens,14

Daclizumab, a humanized MoAb directed against the
a-chain of interleukin-2 (IL-2) receptor (CD25) has shown
efficacy to prevent acute rejection episodes after solid organ
transplantation.15 Some authors have report that anti-CD25
MoAb injection results in functional inactivation, not de-
pletion, of regulatory cells.16,17 Although CD25 levels are
normally undetectable for the first 90 days after HT, the
presence of CD4/FoxP31 cells resemble regulatory func-
tions of classic Tregs as demonstrated by others work-
ers.18,19 Furthermore, CD127 low expression also identifies
a cell subset with highly suppressive functions.20 In agreement
with previous studies, we also demonstrated decreased fre-
quencies of the regulatory CD4/CD127lowFoxp31 subset at
30 days among patients who developed rejection episodes.
These data indicated that the presence of a circulating Treg
subset, even after daclizumab treatment, may be important
for the induction and maintenance of allograft acceptance.
Additional studies are needed to investigate the potential
impact of altered distribution of naive, memory, effector,
and regulatory T cells for the outcome of HT patients.
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