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ABSTRACT
Prolonged CD4 T cell lymphopenia after administration of polyclonal anti-thymocyte globulins increases the
rate of posttransplantation morbidity, but whether impaired immune reconstitution affects survival is un-
known. We studied the effect of CD4 T cell lymphopenia on survival in 302 consecutive prevalent renal
transplant recipients and the role of thymic function in CD4 T cell reconstitution and posttransplantation
outcomes in 100 consecutive incident renal transplant recipients. We followed the prevalent cohort for a
mean duration of 92 months. Of these 302 patients, 81 (27%) had persistent CD4 T cell counts �300/mm3

and 36 (12%) died during follow-up. We observed a higher death rate in patients with CD4 T cell lymphopenia
persisting for �1 year (24.1 versus 7.6%; P � 0.001). Furthermore, in Cox regression analysis, CD4 T cell
lymphopenia associated with a nearly five-fold risk for death (adjusted hazard ratio [HR] 4.63; 95% confidence
interval [CI] 1.91 to 10.65; P � 0.001). In the incident cohort, we estimated thymic function by T cell receptor
excision circles (TRECs) per 150,000 CD3� cells, which predicted efficient CD4 T cell reconstitution. Higher
pretransplantation TREC values associated with lower risks for cancer (adjusted HR 0.39; 95% CI 0.15 to 0.97;
P � 0.046) and infection (HR 0.29; 95% CI 0.11 to 0.78; P � 0.013). In summary, prolonged polyclonal
anti-thymocyte globulin–induced CD4 T cell lymphopenia is an independent risk factor for death. Determi-
nation of pretransplantation thymic function may identify patients at higher risk for CD4 T cell lymphopenia
and posttransplantation morbidity, including cancer and infections.

J Am Soc Nephrol 21: 868–875, 2010. doi: 10.1681/ASN.2009090976

Broad T cell depletion by polyclonal anti-thymocyte
globulins (ATG) has been used for many years as a
part of immunosuppressive treatment in transplanta-
tion. These polyclonal antibodies are a complex mix-
ture of antibodies with multiple specificities directed
to both T and non–T cells.1,2 These antibodies pro-
duce profound T cell depletion via complement-de-
pendent lysis and Fas/Fas ligand–mediated apopto-
sis.3,4 Although T cell regeneration generally occurs in
the months after ATG administration, Muller et al.5

reported that ATG may induce persistent changes in T

cell subsets characterized by a low CD4 T cell count
and a CD8 T cell expansion.
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Our group has reported that impaired T cell reconstitution
after ATG in renal transplantation represents a major cause of
morbidity. Indeed, renal transplant recipients (RTRs) with persis-
tent CD4 T cell lymphopenia exhibit a higher rate of late oppor-
tunistic infections6 and an increased incidence of cancers.7,8 More
recently, we reported an increased rate of atherosclerotic events
(AEs) in patients with impaired CD4 T cell reconstitution.9 Nev-
ertheless, whether impaired immune reconstitution after ATG in-
fluences patient survival remains to be determined.

To date, reasons for persistent CD4 T cell lymphopenia in
some RTRs remain unknown. T cell regeneration after ATG may
occur by several mechanisms, including thymic-dependent and
thymic-independent pathways. It has been mostly reported that T
cell depletion leads to homeostatic proliferation of residual T cells
and their conversion into alloantigen-reactive memory-like T
cells10,11; however, Monaco et al.12 reported that thymectomy be-
fore ATG prolongs lymphopenia in mice. Nevertheless, such data
are still lacking in humans; however, previous data in hematopoi-
etic cell transplantation after a myeloablative conditioning regi-
men identified that thymic function at time of transplantation
(assessed by T cell receptor excision circles [TRECs]) is a signifi-
cant factor influencing CD4 T cell reconstitution as well as trans-
plantation outcomes.13–15

Here, we studied whether prolonged ATG-induced CD4
T cell lymphopenia may affect patient survival. Further-
more, we investigated in an incident cohort whether pre-
transplantation TREC number may predict prolonged
ATG-induced CD4 T cell lymphopenia and posttransplan-
tation outcomes.

RESULTS

Study Population
Prevalent Cohort.
The patients were followed for a mean duration of 92 � 7
months. Patient characteristics have been described previous-
ly.9 Transplant duration at the entry in the study was 72 � 56
months.9 Categorical variables are depicted in Table 1 and con-
tinuous variables in Table 2.

Incident Cohort.
Patient characteristics were not different from those of the
main cohort (data not shown). The patients were followed for
a mean duration of 74 � 28 months.

Lymphocyte Subsets and Thymic Function
Prevalent Cohort.
Mean CD4� and CD8� T cell levels at entry into the study
(72 � 56 months after transplantation) were 511 � 290 and
553 � 596/mm3, respectively. Mean CD4/CD8 ratio was
1.00 � 0.92. Mean CD19� B cell level was 66 � 62/mm3.

There was a positive correlation between CD4 T cell levels
and transplant duration (r � 0.32; P � 0.02). By contrast, CD4
T cell count was inversely related to age (r � �0.35; P � 0.01).

Eighty-one (27%) patients had CD4 T cell count �300
mm3. Patients with CD4 T cell lymphopenia differed from
those with normal CD4 T cell count for age (53.9 � 12.6 versus
48.4 � 13.7 years; P � 0.001); transplant duration (54 � 44
versus 79 � 58 months; P � 0.001); fibrinogen (4.02 � 0.90
versus 3.79 � 0.90 g/L; P � 0.057), LDL cholesterol (1.33 �
0.37 versus 1.24 � 0.37 g/L; P � 0.051), homocysteine (19.6 �
8.9 versus 17.6 � 6.1 �mol/L; P � 0.027), and C-reactive pro-
tein (CRP; 5.7 � 4.6 versus 4.3 � 3.3 mg/L; P � 0.011) levels;
CD19� B cell counts (48 � 46 versus 73 � 65/mm3; P � 0.002);
and pulse pressure (59.4 � 15.8 versus 54.7 � 15.2 mmHg; P �
0.018). CD4 T cell counts as well as the proportion of patients
with CD4 T cell lymphopenia were similar in patients who
received Thymoglobulin or ATG Fresenius (498 � 287 versus
542 � 294/mm3 [P � 0.215] and 28 versus 26.3% [P � 0.875],
respectively). In multivariate analysis, only age (P � 0.048),
transplant duration (P � 0.0001), CD19� B cell counts (P �
0.014), and CRP levels (P � 0.039) were associated with CD4 T
cell lymphopenia.

Incident Cohort.
Lymphocyte reconstitution was prospectively studied in 100
patients. The proportion of patients with CD4 T cell lym-
phopenia decreased with time after transplantation (41% [n �
100], 36% [n � 96], 31% [n � 90], and 25% [n � 89] at 1, 2, 3,
and 4 years after transplantation, respectively). By contrast, the
probability to develop CD4 T cell lymphopenia 3 years after
transplantation when CD4 T cell count exceeded 300/mm3 1
year after transplantation was only 5%. One year after trans-
plantation, CD8 T cell count was higher in patients with CD4 T
cell count �300/mm3 (500 � 169 versus 369 � 216/mm3; P �
0.02). The ratio CD4/CD8 was also higher in patients with CD4

Table 1. Description of categorical variables

Variable n (%)

Gender
male 191 (63.25)
female 111 (36.75)

History of AEs
yes 25 (8.28)
no 277 (91.72)

Tobacco consumption
yes 72 (23.84)
no 230 (76.16)

Diabetes
yes 69 (22.85)
no 233 (77.15)

Left ventricle diameter (mm)
�35 24 (7.95)
�35 278 (92.05)

CMV serology
negative 35 (11.6)
positive 267 (88.4)
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T cell count �300/mm3 (0.99 � 0.36 versus 0.64 � 0.45; P �
0.005).

Pretransplantation thymic function was assessed by TREC
quantification. TRECs were not normally distributed. Median
value and range were 1624 per 150,000 CD3� cells (11 to
47,605). Ranges were similar to those found in transplant re-
cipients with hematopoiesis.14

We observed a strong inverse correlation between TREC
levels and age (r � �0.44; P � 0.001). There was also a corre-
lation between pretransplantation TREC number and 1-year
(r � 0.33; P � 0.001) and 2-year (r � 0.31; P � 0.002) post-
transplantation CD4 T cell counts.

TRECs were split into tertiles (�633 [T1], 647 to 2713 [T2],
and �2828 [T3]). Kinetics of CD4 T cell reconstitution was not
different in patients in T2 and T3 (Figure 1). As a consequence,
these patients were analyzed together. One-year posttransplanta-
tion CD4 T cell counts were lower in patients with low pretrans-
plantation TREC values (223 � 83/mm3 [T1] versus 360 � 195/
mm3 [T2 and T3]; P � 0.008; Figure 1). Similarly, a higher rate of
patients in T2 and T3 experienced normal CD4 T cell reconstitu-
tion (�300/mm3) 1 year after transplantation as compared with
patients in T1 (54 versus 16%; P � 0.0007). One year after trans-
plantation, CD4�CD45RA�CD45RO�CD62L� T cell counts
were also lower in patients in T1 as compared with those in T2 and
T3 (32 � 23 versus 71 � 62/mm3; P � 0.040).

One-year CD4 T cell count was higher in younger patients

(341 � 179 /mm3 [�50 years] versus 253 � 121/mm3 [�50
years]; P � 0.023). Of note, pretransplantation CD4 T cell
count did not predict posttransplantation CD4 T cell counts
(P � 0.364).

In bivariate analysis (including TREC levels and age), only pre-

Figure 1. Kinetics of CD4 T cell reconstitution in RTRs after ATG
treatment are shown according to pretransplantation thymic func-
tion. In the incidence cohort, the 100 patients were split into
tertiles (�633 [T1], 647 to 2713 [T2], and �2828 [T3] per 150,000
CD3� cells), and CD4 T cell reconstitution was analyzed 4, 12, and
24 months after transplantation, respectively, by flow cytometry
according to pretransplantation TREC levels. Error bars corre-
spond to SEM. aNumber of TRECs per 150,000 CD3� cells.

Table 2. Description of continuous variables

Variable Mean SD Median

Age (years) 49.82 13.59 51.00
Transplant duration at time of analysis (months) 72.48 55.75 68.50 (range)
SCr clearance (ml/min) 49.68 18.02 49.03
UPE (g/d) 0.46 0.91 0.10
PTH (pg/ml) 97.00 133.87 61.50
Vitamin D (ng/ml) 17.07 14.49 13.00
Phosphorus (mmol/L) 1.17 0.21 1.16
Calcium (mmol/L) 2.44 0.14 2.44
Hemoglobin (g/100 ml) 12.94 1.76 13.00
Fibrinogen (g/L) 3.85 0.90 3.80
LDL cholesterol (g/L) 1.26 0.36 1.23
HDL cholesterol (g/L) 0.57 0.21 0.54
Total serum cholesterol (g/L) 2.13 0.47 2.11
Triglycerides (g/L) 1.54 1.11 1.28
Serum homocysteine (�mol/L) 18.15 6.96 16.90
BMI (kg/m²) 24.42 4.35 23.81
SBP (mmHg) 135.85 19.07 140.00
DBP (mmHg) 80.56 10.09 80.00
PP (mmHg) 55.94 15.47 55.00
Glycemia (mmol/L) 5.49 1.52 5.10
CD3� T cells (/mm3) 1059.64 645.36 915.00
CD4� T cells (/mm3) 511.34 290.40 471.00
CD8� T cells (/mm3) 552.61 595.91 439.50
CD4/CD8 ratio 1.30 0.93 1.13
CD19� B cells (/mm3) 66.43 61.77 49.00
CRP (mg/L) 4.51 4.12 3.00
Serum albumin (g/L) 43.64 4.31 44.00
BMI, body mass index; DBP, diastolic BP; PP, pulse pressure; PTH, parathyroid hormone; SBP, systolic BP; SCr, serum creatinine; UPE, urinary protein excretion.
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transplantation TREC levels were predictive of CD4 T cell counts
at 1 year. More precise, patients with the lower pretransplantation
TREC values (T1) had an increased risk for 1-year posttransplan-
tation CD4 T cell lymphopenia (hazard ratio [HR] 3.12; 95% con-
fidence interval [CI] 1.43 to 7.89; P � 0.009).

Table 3 depicts sensitivity, specificity, and both positive
(PPV) and negative predictive values (NPV) of various TREC
thresholds for the later development of CD4 T cell lymphope-
nia. The area under the Receiver operating characteristic
(ROC) curve was 0.77 (Figure 2).

A TREC level �2000 per 150,000 CD3� cells had the best
sensitivity and specificity. TREC values �250 per 150,000
CD3� cells were observed in 13 (13%) patients. All of these
patients had CD4 T cell lymphopenia 1 and 2 years after trans-
plantation. This corresponds to a PPV of 100%.

Death
Prevalent Cohort.
Thirty-six (11.9%) patients died during the follow-up. This
corresponds to 17 deaths per 1000 patients/year. Of them, 13
(36%) died of cancer, 14 (39%) of atherosclerotic disease,
seven (19%) of infectious causes, one of pulmonary embolism
(3%), and one (3%) of trauma.

We observed a higher mortality rate in patients with persis-
tent CD4 T cell lymphopenia (24.1 versus 7.6%; P � 0.001).
Survival according to CD4 T cell counts is depicted in Figure 3.

Forty-four AEs occurred during the follow-up. AEs were
more frequent in patients with CD4 T cell lymphopenia (29.1
versus 9.4%; P � 0.001). There was a significantly higher death
rate as a result of AEs in patients with CD4 T cell lymphopenia
(10.1 versus 3.1%, respectively; P � 0.031).

Sixty cancers occurred during the study follow-up. Cancers
were more frequent in patients with CD4 T lymphopenia (30.4
versus 16.1%; P � 0.010). There was also a significantly higher
death rate as a result of cancer in patients with CD4 T cell
lymphopenia (8.8 versus 2.7%, respectively; P � 0.046). Other
causes of death (e.g., infections, trauma) were not differently
distributed between patients with and without CD4 T cell lym-
phopenia.

In univariate analysis, age (P � 0.003), smoking status (P �
0.04), diabetes (P � 0.017), low creatinine clearance (P �
0.006), high fibrinogen level (0.017), high CRP level (P �
0.001), and low CD4 T cell level (P � 0.001) were predictive of
death. After backward stepwise selection, the variables that re-
mained in the Cox proportional hazards model (which were

linked to AEs with P � 0.05) were CD4 T cell counts, age, and
CRP levels. Gender and duration since transplantation were
kept in the model.

Table 3. Sensitivity, specificity, PPV, NPV, and Youden index for various TREC thresholds

TREC/150,000
CD3� Sensitivity Specificity PPV NPV

Youden
Index

250 0.19 1.00 1.00 0.47 0.19
500 0.35 0.87 0.80 0.48 0.22
1000 0.54 0.77 0.74 0.55 0.31
2000 0.70 0.69 0.69 0.56 0.39
5000 0.83 0.54 0.64 0.62 0.37
10000 0.96 0.15 0.62 0.75 0.11

Figure 2. The ROC curve shows association of sensitivity and
specificity for various TREC values. The ROC curve was obtained as
described in the Concise Methods section. Raw data are shown in
Table 3. *TREC values are expressed in TRECs per 150,000 CD3� cells.

Figure 3. RTR survival is demonstrated according to posttransplan-
tation CD4 T cell counts. Survival of RTRs (expressed in percentage
of survivors) was analyzed each year after transplantation as de-
scribed in the Concise Methods section. Two groups of patients
were considered: Patients with persistent (�1 year) CD4 T cell lym-
phopenia (�300/mm3; F; n � 81) and patients without CD4 T cell
lymphopenia (�300/mm3; �; n � 221). *P � 0.05.
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Cox regression analysis revealed that age in the upper tertile
(HR 3.15; 95% CI 1.11 to 15.27; P � 0.047) and CRP levels
above the median (HR 5.22; 95% CI 1.63 to 16.70; P � 0.005)
were risk factors for death. Patients with CD4 T cell lymphope-
nia also had an independent increased risk for death (HR 4.63;
95% CI 1.91 to 10.65; P � 0.001). HRs and their 95% CIs of
death for each variable in the Cox model are displayed in Table
4, along with P values.

Thirteen (16%) patients with CD4 T cell lymphopenia lost
their graft during the study period. Seven of them died before the
end of follow-up (cancer in two; cardiovascular event [CVE] in
three). During the same period, six of the 35 patients who did not
have CD4 T cell lymphopenia and returned on dialysis died (17
versus 54%; P � 0.029). Of note, death-censored graft loss was
similar in patients with and without CD4 T cell lymphopenia.

Incident Cohort.
Twelve (12%) patients died during follow-up. In univariate
analysis, higher TREC values were associated with lower death
rate (HR 0.32; 95% CI 0.12 to 0.87; P � 0.026). Nevertheless,
this association was NS after adjustment for age.

Cancer occurred in 20 (20%) patients during follow-up. In
univariate analysis, higher TREC values were associated with
lower cancer rate (HR 0.29; 95% CI 0.12 to 0.70, for one log
[TREC/150,000 CD3�]; P � 0.006). This association persisted
even after adjustment for age (HR 0.39; 95% CI 0.16 to 0.97, for
one log [TREC/150,000 CD3�]; P � 0.046).

Infections occurred in 19 (19%) patients during follow-up.
In univariate analysis, higher TREC values were associated
with lower infection rate (HR 0.32; 95% CI 0.14 to 0.76, for one
log [TREC/150,000 CD3�]; P � 0.010). This association per-
sisted even after adjustment for age (HR 0.29; 95% CI 0.11 to
0.78, for one log [TREC/150,000 CD3�]); P � 0.013).

AEs occurred in 10 (10%) patients during follow-up. In
univariate analysis, TREC values were not predictive of AEs.

Altogether, these data suggest that persistent CD4 T cell
lymphopenia is an independent risk factor for death in RTRs
and that pretransplantation thymic function (as assessed by
TREC levels) may help to identify patients who are at high risk
for persistent CD4 T cell lymphopenia and subsequent occur-
rence of posttransplantation cancer and infections.

DISCUSSION

Our study demonstrated that impaired CD4 T cell reconstitu-
tion after ATG administration is a risk factor for death in RTRs.
The influence of CD4 T cell lymphopenia on survival persisted
even after return to dialysis and immunosuppressive with-
drawal. We previously reported that RTRs with persistent CD4
T cell lymphopenia have an increased risk for opportunistic
infections,6 cancer,7,8 and atherosclerotic disease.9 Our results
here add to the clinical impact of immune reconstitution after
ATG administration in RTRs and underlines the need for both
pretransplantation recognition of patients who are at risk for
impaired immune reconstitution and posttransplantation
monitoring of CD4 T cell after ATG administration to guide
preventive measures. We also showed that pretransplantation
thymic function (as assessed by circulating TREC levels) affects
CD4� T cell reconstitution and both posttransplantation in-
fection and cancer occurrence.

An excess of cardiovascular death is the main reason for the
increased death rate observed in patients with impaired im-
mune reconstitution. We also confirmed in this long-term
study that patients with CD4 T cell lymphopenia have an in-
creased risk for AEs. We previously suggested9 that a lack of
anti-inflammatory CD4 T cell recovery (including T regula-
tory 1, T helper 3, and natural regulatory T cells) after ATG-
induced lymphocyte depletion might contribute to the in-
creased incidence of AEs in RTRs presenting CD4 T cell
lymphopenia. Indeed, recent studies outlined the role of regu-
latory CD4 T cells in atherosclerosis.16 –19 Patients with CD4 T
cell lymphopenia also have higher CRP levels than patients
with normal reconstitution. Thus, persistent subclinical infec-
tions in patients with CD4 T cell lymphopenia may also gen-
erate chronic systemic inflammation leading to accelerated
atherosclerosis.

We found that both cancer rate and cancer-related death rate
were increased in patients with CD4 T cell lymphopenia. This
result may be explained by the inability to eliminate or suppress
viral infections with a subsequent increase rate of virus-induced
tumors. This mechanism could be directly attributed to CD4 T
cell lymphopenia. Nevertheless, we also found poor pretransplan-
tation thymic function to be predictive of cancer occurrence, so it
could be postulated that a decline to generate a naive polyclonal T
cell repertoire and effective immune surveillance may also con-
tribute to cancer occurrence in RTRs with lymphopenia. Simi-
larly, low pretransplantation TREC levels were associated with an
increased risk for severe posttransplantation infections. Other
studies of adults recovering from lymphopenia have shown that
the repertoire diversity of the naive T CD4 cells correlates with
both the capacity to respond to vaccines and the resistance to
opportunistic infections.20,21 The repertoire diversity of the mem-
ory T cell population in such patients directly depends on the
extent of thymic function, as measured by thymic size, naive T cell
levels, or TREC-expressing T cell levels (i.e., recent thymic emi-
grant),22 so pretransplantation thymic function seems to influ-
ence the risks for both infections and cancers after transplanta-

Table 4. Cox model

Variable HR (95% CI) P

CD4� T cells (/mm3)
�300 1.00
�300 4.63 (1.91 to 10.65) 0.001

Age (years)
�43 1.00
43 to 57 1.42 (0.79 to 3.51) 0.311
�57 3.15 (1.11 to 15.27) 0.042

CRP (mg/L)
�3 1.00
�3 5.22 (1.63 to 16.70) 0.005

Cox model is adjusted for duration since kidney transplantation and gender.

CLINICAL RESEARCH www.jasn.org

872 Journal of the American Society of Nephrology J Am Soc Nephrol 21: 868–875, 2010



tion. Determination of TREC levels before transplantation could
allow physicians to select a high-risk population for specific mon-
itoring and prevention.

When progenitor T cells undergo T cell receptor gene rear-
rangement in the thymus, chromosomal sequences are excised to
produce episomal DNA byproducts termed TRECs. Quantifica-
tion of TRECs in circulating T cells is therefore a useful tool to
identify recent thymic emigrants. This permits appreciation of
thymic function.23 In addition to analysis in patients with HIV
infection, TREC determination was performed in patients after
allogeneic hematopoietic cell transplantation. In this setting, pre-
transplantation TREC levels were found to predict T cell reconsti-
tution both in adults and in pediatric patients.13–15 Here, we
showed that pretransplantation TREC number predicts CD4 T
cell reconstitution after ATG therapy. Moreover, ROC curve anal-
ysis confirmed that pretransplantation TREC is a useful test to
predict posttransplantation CD4 T cell lymphopenia (area under
the curve � 0.77). Of note, 1 year after transplantation, the num-
ber of naive T cells was also reduced in patients with low pretrans-
plantation TREC values; therefore, reconstitution after ATG is at
least in part dependent on thymic function. Nevertheless, for a
continuous variable used as a predictive factor, defining thresh-
olds is mandatory for clinical practice. Thresholds should have
both good PPV and NPV to help physicians in patients’ treat-
ment. We found a TREC value �2000 per 150,000 CD3� cells to
be the best threshold for the subsequent development of post-
transplantation CD4 T cell lymphopenia. The benefit of ATG is
not the same in each patient.24,25 Thus, the choice of a threshold
value could vary according to the supposed benefit of ATG. A high
benefit of ATG may lead to acceptance of a lower threshold,
whereas a weak benefit could lead to preference of higher thresh-
olds. Either way, the possibility to select patients with high risk for
immune reconstitution impairment through pretransplantation
TREC levels could offer the opportunity to use ATG with more
safety.

Our study has limitations with respect to patient survival
analysis. We included prevalent patients; consequently, a sur-
vival bias is possible. Future studies should target a larger co-
hort of incident patients to confirm our results. Furthermore,
we considered only one determination of CD4 T cell levels, and
CD4 T cell kinetics could give better information. Neverthe-
less, we showed in the incident cohort that the risk for exhib-
iting a complete CD4� T cell recovery after an initial CD4 T cell
lymphopenia is very low. Moreover, even though some pa-
tients with CD4 T cell lymphopenia have subsequent lympho-
cyte recovery, our results suggest at least that the speed of T cell
reconstitution is associated with patient survival. Further-
more, because we adjusted all of our analyses on transplant
duration, we think that CD4 T cell lymphopenia is associated
with survival at any period after transplantation.

In conclusion, our study strongly suggests that prolonged CD4
T cell lymphopenia is an independent risk factor for death in
RTRs who have received ATG. Because pretransplantation thy-
mic function may predict both immune reconstitution and seri-
ous posttransplantation outcomes after ATG administration,

TREC number should be determined to estimate the benefit–risk
ratio of such a treatment. In many ways, the adaptive immune
system of transplant patients with post-ATG CD4 T cell lym-
phopenia resembles immunosenescence26 (CD8 expansion, re-
duced B cell number, high levels of acute-phase response proteins,
and low TREC levels), and we suggest that ATG could in fact
accelerate immune system aging. Because we suggest that thymic
involution could independently contribute not only to an in-
creased incidence of infections but also to cancer occurrence, we
think that this result could have important consequences for el-
derly patients and add to the general knowledge of cancer mech-
anisms in this population. The transplant population with CD4 T
cell lymphopenia could serve as a model to study the clinical con-
sequences of immunosenescence.

CONCISE METHODS

Study Design and Populations
CD4 T Cell Lymphopenia and Death (Prevalent Cohort).
We analyzed a prospective cohort of 302 consecutive, stable RTRs (trans-

plant duration �12 months, no acute rejection, serum creatinine �400

�mol/L) from a previously reported study.9 Briefly, all of the RTRs who

were routinely evaluated for annual checkup at the transplant unit of the

University Hospital of Besançon between June 1999 and December 2000

were consecutively enrolled. All of these patients had received ATG as

induction therapy. Induction consisted of a short course of polyclonal

ATG with ATG Fresenius (day 0: 9 mg/kg; days 1 through 4: 3 mg/kg per

d; 209 [69%] of 302) or Thymoglobulin (Genzyme; day 0: 2 mg/kg; days

1 through 4: 1 mg/kg per d; 93 [31%] of 302).

Characteristics of the study population have been previously described in

detail (Tables 1 and 2).9 Of note, transplant duration at inclusion in the

study was at least 12 months. This prevalent cohort serves first to allow us

to study posttransplantation parameters associated at baseline with CD4

T cell lymphopenia and second to allow us to examine the influence of

CD4 T cell lymphopenia on patient survival.

Determinants of CD4 T Cell Lymphopenia (Incident Cohort).
All of the patients who underwent transplantation between
March 1999 and November 2004 (n � 177) were considered for
inclusion in the second cohort. We excluded patients who had not
received ATG and recipients of more than one transplant.

A total of 100 consecutive first RTRs who had received ATG
(Fresenius in all of the patients) as induction therapy were
included. All of these patients received the same maintenance
immunosuppressive treatment, including tacrolimus, azathio-
prine, and steroids. All of the patients except cytomegalovirus
(CMV)-seronegative recipients of a CMV-seronegative donor
received CMV prophylaxis with valganciclovir in the first 3
months after transplantation. This incident cohort serves first
to allow us to study pretransplantation parameters associated
with the occurrence of posttransplantation CD4 T cell lym-
phopenia and second to allow us to examine the influence of
these parameters on patient survival.
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Lymphocyte Subsets
Absolute numbers of circulating B and T cells and CD4� and CD8� T

cells were determined as described previously.9 Naive CD4 T cells were

also assessed as CD45RA�, CD62L�, CD45RO� CD4� CD3� cells

using the following antibodies: FITC-conjugated CD45RA (clone

HI100), phycoerythrin-CD62L (Dreg56; BD Biosciences, Le Pont de

Claix, France), ECD-CD45RO (UCHL1), PC7-CD3 (13B8.2), and al-

lophycocyanin-CD3 (UCHT1; Beckman Coulter, Fullerton, CA).

TREC Analysis
Pretransplantation TREC levels were assessed in 100 patients, and kinet-

ics of reconstitution were prospectively analyzed in this population. The

signal-joint TRECs were quantified in peripheral blood mononuclear

cells using real-time quantitative PCR on LightCycler (Roche Diagnos-

tics, Meylan, France), as described previously.27 A series of standard di-

lutions of a plasmid containing the signal-joint breakpoint was used to

quantify TRECs in each patient and control DNA sample. Cycle thresh-

old was assessed using the second derivative method with the LightCycler

3.5.3 software (Roche Diagnostics). Each DNA sample was run in dupli-

cate. Quantification of a reference gene (GAPDH) was carried out in the

same conditions. Values were normalized for the genomic copy number

using GAPDH quantification and corrected for the percentage of CD3�

cells in peripheral blood mononuclear cells, as described previously.14

Confounding Factors
Age, gender, weight, size, BP, hemodialysis duration before transplan-

tation, diabetes, smoking status, history of CVE, immunosuppressive

treatment (use of calcineurin inhibitors), and various biological pa-

rameters (including serum creatinine, parathyroid hormone, vitamin

D, phosphorus, calcium, hemoglobin, fibrinogen, total cholesterol,

LDL and HDL cholesterol, triglycerides, homocysteine, and glucose)

were assessed upon inclusion. Methods of assessment and definitions

of these variables were previously described in detail.9

Death
All death and causes of death were assessed. Main causes of death

(CVE, cancer, and infection) and their relationships with CD4 T cell

count were also analyzed.

Death was considered to be of cardiovascular origin when from

myocardial infarction, stroke, abdominal aneurysm rupture, critical

lower limb ischemia, or sudden death in the presence of coronary

heart disease. Death that occurred in the immediate suites of coronary

revascularization, carotid endarterectomy, lower extremity revascu-

larization via bypass surgery or angioplasty, or abdominal aortic re-

pair were also considered to be of cardiovascular origin.

Cancer incidence was prospectively assessed. Death was consid-

ered to be from cancer when directly due to neoplastic disease or

antineoplastic treatments.

Infections were prospectively recorded. Only severe infections

(bacterial infections required bacterial infection-related hospitaliza-

tion, CMV disease [viral replication, symptoms, and treatment by

ganciclovir], and opportunistic infections) were considered.

Two physicians independent of the study were responsible for di-

agnostic ascertainment. This analysis was performed without knowl-

edge of baseline characteristics.

Statistical Analysis
Arithmetic mean was calculated and expressed � SD.

Prevalent Cohort.
Using log-rank tests on Kaplan-Meier nonparametric estimates of the

survival distribution, we selected variables with P � 0.20. The selected

variables were included in a Cox proportional hazards model, and a back-

ward stepwise selection process was performed, this time at a classical ��

0.05. The time elapsed since kidney transplantation was bound to vary

between patients; therefore, this duration was forced into the Cox model

as a covariate. Gender and age being potential confounding variables,

they were also entered into the Cox model, no matter the significance of

their relationships with death. Age was split into tertiles (�44, 44 to 57,

and �57 years). Creatinine clearance was split in two classes (�49 and

�49 ml/min), as were CRP levels (�3 and �3 mg/L [median value]) and

urinary protein excretion (�0.10 and �0.10 g/d). CD4 T cell lymphope-

nia was considered when CD4 T cell count was �300/mm3 according to

our previous work.9 Tobacco consumption was accounted for as cur-

rently smoking versus nonsmoking definition variables.

Incident Cohort.
We calculated both PPV and NPV of various thresholds of TRECs for

the subsequent development of CD4 T cell lymphopenia. ROC curve

was performed to determine the relevance of TREC number to predict

CD4 T cell lymphopenia. The best threshold was the TREC value

corresponding to the higher value of the following equation (Youden

index): Sensitivity � specificity � 1.

Using log-rank tests on Kaplan-Meier nonparametric estimates of

the survival distribution, we selected pretransplantation variables

with P � 0.20. The selected variables were included in a Cox propor-

tional hazards model, and a backward stepwise selection process was

performed, this time at a classical � � 0.05. Age being a potential

confounding variable, it was entered into the Cox model. Age was split

into tertiles (�42, 42 through 52, and �52 years). TREC values were

not normally distributed. As a consequence, TRECs, expressed as

TREC per 150/000 CD3� cells, were split into tertiles (�633 [T1], 647

s2to 2713 [T2], and �2828 [T3]). When used as a continuous vari-

able, TRECs were log-transformed.

Results are expressed as HR and 95% CI, with a P value testing the

null hypothesis HR � 1; therefore, at P � 0.05, HR is significantly

different from 1, either �1 (i.e., risk for death is increased) or �1 (i.e.,

risk for death is decreased). Assumptions of Cox models (log-linear-

ity, proportionality of risk in time) were met in this analysis.
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Charron D, Toubert A: Prognostic value of pretransplantation host
thymic function in HLA-identical sibling hematopoietic stem cell trans-
plantation. Blood 105: 2608–2613, 2005

15. Chen X, Barfield R, Benaim E, Leung W, Knowles J, Lawrence D, Otto
M, Shurtleff SA, Neale GA, Behm FG, Turner V, Handgretinger R:
Prediction of T-cell reconstitution by assessment of T-cell receptor
excision circle before allogeneic hematopoietic stem cell transplanta-
tion in pediatric patients. Blood 105: 886–893, 2005

16. Mallat Z, Gojova A, Brun V, Esposito B, Fournier N, Cottrez F, Tedgui
A, Groux H: Induction of a regulatory T cell type 1 response reduces
the development of atherosclerosis in apolipoprotein E-knockout
mice. Circulation 108: 1232–1237, 2003

17. Ait-Oufella H, Salomon BL, Potteaux S, Robertson AK, Gourdy P,
Zoll J, Merval R, Esposito B, Cohen JL, Fisson S, Flavell RA, Hans-
son GK, Klatzmann D, Tedgui A, Mallat Z: Natural regulatory T cells
control the development of atherosclerosis in mice. Nat Med 12:
178 –180, 2006

18. Heller EA, Liu E, Tager AM, Yuan Q, Lin AY, Ahluwalia N, Jones K,
Koehn SL, Lok VM, Aikawa E, Moore KJ, Luster AD, Gerszten RE:
Chemokine CXCL10 promotes atherogenesis by modulating the
local balance of effector and regulatory T cells. Circulation 113:
2301–2312, 2006

19. Gotsman I, Grabie N, Gupta R, Dacosta R, Macconmara M, Lederer
J, Sukhova G, Witztum JL, Sharpe AH, Lichtman AH: Impaired
regulatory T-cell response and enhanced atherosclerosis in the
absence of inducible costimulatory molecule. Circulation 114:
2047–2055, 2006

20. Lewin SR, Heller G, Zhang L Rodrigues E, Skulsky E, van den Brink MR,
Small TN, Kernan NA, O’Reilly RJ, Ho DD, Young JW: Direct evidence
for new T-cell generation by patients after either T-cell-depleted or
unmodified allogeneic hematopoietic stem cell transplantations.
Blood 100: 2235–2242, 2002

21. Roux E, Dumont-Girard F, Starobinski M, Siegrist CA, Helg C, Chapuis
B, Roosnek E: Recovery of immune reactivity after T-cell-depleted
bone marrow transplantation depends on thymic activity. Blood 96:
2299–2303, 2000

22. Hakim FT, Memon SA, Cepeda R Jones EC, Chow CK, Kasten-Sportes
C, Odom J, Vance BA, Christensen BL, Mackall CL, Gress RE: Age-
dependent incidence, time course, and consequences of thymic re-
newal in adults. J Clin Invest 115: 930–939, 2005

23. Douek DC, McFarland RD, Keiser PH, Gage EA, Massey JM, Haynes
BF, Polis MA, Haase AT, Feinberg MB, Sullivan JL, Jamieson BD,
Zack JA, Picker LJ, Koup RA: Changes in thymic function with age
and during the treatment of HIV infection. Nature 396: 690 – 695,
1998
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