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ABSTRACT
An increase in the number of blood ␥␦ T cells follows cytomegalovirus (CMV) infection in kidney
transplant recipients. These cells react against CMV-infected cells and tumor epithelial cells in vitro. We
hypothesized that these CMV-induced ␥␦ T cells play a protective role against cancer in kidney transplant
recipients. We performed a longitudinal case-control study involving 18 recipients who developed cancer
between 2 and 6 yr after transplantation and 45 recipients who did not. The median percentage of ␥␦
T cells among total lymphocytes in patients with malignancies was significantly lower compared with that
in control patients at 6, 12, and 18 mo before the diagnosis of cancer. Patients with a ␥␦ T cell percentage
of more than 4% were protected from cancer. An increase of the V␦2neg ␥␦ T cell subset significantly
associated with lower incidence of cancer only in recipients who experienced pre- or postgraft CMV
infection. Finally, a retrospective follow-up of 131 recipients for 8 yr revealed that CMV-naive recipients
had an approximately 5-fold higher risk of cancer compared with CMV-exposed patients. In summary,
these results suggest a protective role of CMV exposure against cancer in kidney transplant recipients.
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Currently, the rates of cancer in kidney transplant
recipients (KTRs) are similar to those of nontransplant recipients that are 20 to 30 yr older, and the
risk of cancer among this population is between 2.5
and 4 times greater than in the general population.1,2 Elevated age at transplantation, Caucasian
origin, long-term exposure to immunosuppressant
therapy, and the presence of cancer before graft are
risk factors for cancer after transplant, whereas diabetes mellitus and return to dialysis significantly
reduce risk of subsequent malignancy.1,3 Twenty
years after the graft, 80% of patients develop at least
one nonmelanoma skin cancer, which is the most
common type of malignancy in KTRs.4 Other cancers that have the highest standardized incidence
ratio are lymphoma, cancer of the lip, vulvovaginal
tumors, and kidney cancers.2,3
Many possible explanations for this increased
incidence of cancer in KTRs have been proposed.
Immunosuppressive agents may cause DNA damJ Am Soc Nephrol 21: 181–188, 2010

age and promote tumor formation. Some cancer
types have been linked to viral infection. However,
drug-mediated impairment of immune surveillance, which ordinarily prevents the development
of malignancies, is also a major contributing factor.
The concept of cancer immunosurveillance is well
characterized in mice, in which recombinase-activating gene knockout mice that lack functional
lymphocytes exhibit increased tumor incidence.5 In
humans, immunosurveillance has also been demReceived October 14, 2008. Accepted July 19, 2009.
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onstrated. Healthy Japanese subjects whose whole blood lymphocytes exhibited a high degree of natural cytotoxicity had a
significantly lower risk of cancer than subjects whose lymphocytes exhibited a low degree of cytotoxicity.6 More recently, in
patients suffering of colorectal cancer, the presence of a high
level of tumor-infiltrating effector memory T cells was correlated with the absence of early metastatic invasion signs.7 Much
is known about the antitumor role of ␣␤ T cells, and in fact, in
vitro expansion of autologous CD4⫹ and CD8⫹ T cell clones
with specificity for melanoma antigens is used in treating patients with melanoma.8,9
In addition to ␣␤ T cells, ␥␦ T cells that function in the
innate immune system are also involved in antitumor immunity.10 Indeed, ␥␦ T cell receptor (TCR) knockout mice develop more skin cancers than wild-type mice.11 In humans, the
major population of circulating ␥␦ T cells expresses a TCR
displaying the V␦2 chain (V␦2pos ␥␦ T cells), and these cells are
able to kill myeloma and carcinoma cell lines in vitro.10 An
additional population expresses a TCR composed of the V␦1
or V␦3 chain (V␦2neg ␥␦ T cells). These cells, which reside in
the epithelia, are retrieved from the infiltrating cells of many
carcinomas and exert a strong cytotoxicity against carcinoma
cells in vitro.12,13 Circulating V␦2neg ␥␦ T cells have also been
found to be increased in few other diseases by other groups
(HIV, HHV-8, systemic sclerosis, and Crohn disease).14 –17 In
contrast to ␣␤ T cells, the development of intraepithelial ␥␦ T
cells seems to be resistant to cyclosporin A in mice,18 rendering
these cells especially interesting for KTRs.
Immunity to tumors may be acquired during events that
have no clear relationship to cancer. For example, certain febrile infectious childhood diseases (measles, mumps, rubella,
pertussis, and chicken pox) are associated with a reduced risk
of many cancers in adulthood.19 Moreover, history of severe
infectious disease is associated with a reduced risk of melanoma.20 Human cytomegalovirus (CMV), a virus that establishes a lifelong viral persistence in immunocompetent individuals, is responsible for opportunistic infection after transplantation. Recent evidence indicated that the genome and
antigens of CMV were frequently present in certain malignant
tumors, such as colon cancer and malignant glioma,21,22 suggesting a relationship between CMV and some cancers. Interestingly, we have previously observed a major and specific increase of blood V␦2neg ␥␦ T cell levels after CMV infection in
KTRs,23 and this expansion was correlated with the resolution of
CMV infection.24 We have also demonstrated that reactive V␦2neg
␥␦ T cell clones or cell lines displayed a specific TCR-dependent
crossreactivity against CMV-infected cells and tumor epithelial
cells, suggesting the recognition of a common surface molecular
pattern on infected and transformed cells.25 Moreover, we recently reported on the ability of human CMV-specific V␦2neg ␥␦
T cells to inhibit tumor cell development in vivo in a model of
human tumor xenograft in immunodeficient mice.26
Taken together, our previous findings have suggested that
the ␥␦ T cells that were amplified during CMV infection may
also be involved in tumor surveillance. In this report, we have
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examined the relationship between CMV-induced ␥␦ T cells
and in vivo cancer occurrence in KTRs. This population allowed us to test his hypothesis because KTRs typically develop
CMV infection before graft or during the first year posttransplantation, whereas cancer development occurs much later.

RESULTS
Association between Elevated Blood ␥␦ T Cells and a
Diminished Occurrence of Cancer in KTRs

We performed a case versus control study to longitudinally
analyze the putative link between blood ␥␦ T cell percentages
and malignancy incidence in KTRs. Eighteen patients who developed cancer (12 skin cancers and 6 solid cancers) between 2
and 6 yr after transplantation (median 3 yr) were compared
with 45 control KTRs. Patients from the malignancy group
were slightly older than patients from the control group (mean
age 54 ⫾ 6.5 yr versus 49 ⫾ 9 yr, P ⫽ 0.03). No statistical
differences were observed between the malignancy patient
group and the control patient group for the sex ratio (12/6
versus 31/14 men/women, P ⫽ 0.9), use of anti-thymocyte
globulin (ATG) (56% versus 49%, P ⫽ 0.8), CMV status (R⫹:
72% versus 69%, D⫹R⫺: 6% versus 17%, D⫺R⫺: 22% versus
13%, P ⫽ 0.5), HLA mismatches (MMs) (0 to 1 MM: 37.5%
versus 20%, 2 to 4 MMs: 62.5% versus 76%, 5 to 6 MMs: 0%
versus 4%, P ⫽ 0.5), and acute rejection (22% versus 13%, P ⫽
0.1). Patients with skin types I/II, III/IV, and V/VI (Fitzpatrick
classification) represented 18% and 21%, 73% and 67%, and
9% and 12% in patients with cutaneous cancer and their
matched controls, respectively (P ⫽ 0.9).
We did not find any statistical differences between the cancer patient group and the control patient group for the median
number of total blood lymphocytes at 18 [(M-18) 1401 versus
1200/mm3, P ⫽ 0.3], 12 [(M-12) 1294 versus 1455/mm3, P ⫽
0.3], and 6 [(M-6) 1347 versus 1458/mm3, P ⫽ 0.1] mo before
cancer diagnosis (Figure 1A). By contrast, the median ␥␦ T cell
percentage among total lymphocytes in patients with malignancies was significantly lower than that of control patients at
M-18 (2.4% versus 5%, P ⬍ 0.001), M-12 (2.7% versus 6%, P ⬍
0.004), and M-6 (2.7% versus 5.5%, P ⬍ 0.001) (Figure 1B).
Similar results were only obtained when skin cancer patients
were compared with their matched controls (data not shown).
Next, we determined a blood ␥␦ T cell percentage threshold, which would predict protection of KTRs from malignancy
occurrence. Using a conditional logistic model, we determined
that patients with a ␥␦ T cell percentage above 4.1% at M-18
[odds ratio (OR) ⫽ 0.06, Akaike’s information criterion
(AIC) ⫽ 32.7, P ⫽ 0.008], 4% at M-12 (OR ⫽ 0.11, AIC ⫽ 35.9,
P ⫽ 0.006), and 3.5% at M-6 (OR ⫽ 0.06, AIC ⫽ 32.8, P ⫽
0.007) displayed significantly less neoplasia than patients with
a lower ␥␦ T cell percentage. The number of patients who
developed a cancer with the risk phenotype of a ␥␦ T cell percentage below 4% was 14 of 32 at M-18 (44%), 15 of 32 at M-12
(47%), and 14 of 33 at M-6 (42%). Conversely, the number of
J Am Soc Nephrol 21: 181–188, 2010
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Figure 1. Evolution of ␥␦ T cells. Evolution of the median (A) number of lymphocytes, (B) percentage of ␥␦ T cells, (C) V␦2neg ␥␦ T cells,
and (D) V␦2pos ␥␦ T cells among total T cells before and after cancer occurrence in KTRs with cancer (⽧) and their matched controls
(▫). (E, F) Evolution of the medians of V␦2neg ␥␦ T cell percentage before and after cancer occurrence in KTRs with cancer (⽧) and their
matched controls (▫) according to history of CMV. (E) Patients who have been in contact with CMV (before or after transplantation). (F)
Patients naı̈ve for CMV infection.

patients who developed a cancer with a ␥␦ T cell percentage
above 4% was only 3 of 30 at M-18 (10%, P ⫽ 0.004), 3 of 31 at
M-12 (10%, P ⫽ 0.002), and 4 of 30 at M-6 (13%, P ⫽ 0.01).
V␦2neg ␥␦ T Cells Are Associated with Diminished
Cancer Occurrence in KTRs

As previously mentioned, V␦2pos and V␦2neg ␥␦ T cells have been
shown to exhibit antitumor functions; thus, we determined which
of these two subsets was associated with lower cancer occurrence
in KTRs. The median V␦2neg ␥␦ T cell percentage in patients with
J Am Soc Nephrol 21: 181–188, 2010

malignancies was lower than that of cancer-free KTRs at M-18
(1.2% versus 2.5%, P ⫽ 0.1), M-12 (1.7% versus 4.1%, P ⫽ 0.02),
and M-6 (1.1% versus 3.7%, P ⫽ 0.002), whereas no differences in
the median percentage of V␦2pos ␥␦ T cells were observed between
the two groups (Figure 1, C and D).
Six and 12 mo after the cancer occurrence, total ␥␦ T cell
and V␦2neg ␥␦ T cell percentages in the cancer group were
lower than those of the control group, but this difference
was statistically significant only at 6 mo (3% versus 5%, P ⫽
0.02 and 1.2% versus 3.6%, P ⫽ 0.02, respectively).
CMV-Induced ␥␦ T Cells and Cancer
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Only CMV-Induced V␦2neg ␥␦ T Cells Are Associated
with Lower Cancer Occurrence

CMV is the only factor reported to date to be responsible for
the long-term expansion of the peripheral blood V␦2neg ␥␦
T cell population in KTRs23 and healthy individuals.27
Therefore, we next determined whether these V␦2neg ␥␦ T
cells, which had increased after the CMV infection, were
associated with lower cancer occurrence in KTRs. We separated the patients who have never experienced CMV infection from those who had been in contact with CMV either
before (pregraft CMV infection, determined through CMV
seropositivity at the day of the graft) or after transplantation
(postgraft CMV infection, determined through pp65 antigenemia). A significant association between an elevated
number of blood V␦2neg ␥␦ T cells and a lower cancer occurrence was only found in KTRs who experienced pre- or
postgraft CMV infection (n ⫽ 51; Figure 1, E and F). This
result strongly supports a link between CMV infection-induced high blood V␦2neg ␥␦ T cell percentages and protection against subsequent cancer development.
Higher Frequency of Malignancies in KTRs Who Have
Never Been Exposed to CMV

The above data, together with our previous in vitro studies,25 suggested a new antitumor function of CMV-reactive
V␦2neg ␥␦ T cells. Therefore, an indirect positive effect of
CMV infection on a diminished cancer occurrence in KTRs
may be envisioned. To examine this unexpected link, we
retrospectively analyzed a cohort of 105 consecutive longterm immunosuppressed KTRs. Twenty-three of these patients developed at least one malignancy (13 cutaneous, 8

solid, and 2 lymphomas) from 1 to 9 yr after transplantation
(median 5 yr). Three patients died as a result of their cancer.
Eighty-two patients without cancer were included in the
control group.
Baseline characteristics of these patients are summarized
in Table 1. Using univariate analysis, we failed to show any
significant association between cancer occurrence and dialysis duration, age at time of graft, sex, calcineurin inhibitor
use, induction treatment with ATG, HLA MMs, delayed
graft function, or acute rejection (Table 2). The 13 skin
cancer patients had the same skin type distribution as the
control group patients (P ⫽ 0.8 by 2 test). Taken separately, neither pregraft CMV infection nor postgraft CMV
infection were associated with cancer occurrence; however,
patients who never experienced CMV infection (absence of
pre- or postgraft CMV infection) displayed an increased
risk of cancer (OR ⫽ 4.3, P ⫽ 0.009). The use of azathioprine (versus mycophenolate mofetil) was also associated with
an increased risk of cancer (OR ⫽ 3.2, P ⫽ 0.02), as described
previously.3 Patients receiving ganciclovir displayed the same
rate of cancer (9 of 44 cancers) than those who did not receive
ganciclovir (14 of 61 cancers) (P ⫽ 0.8).
Using multivariable analysis, the same variables remained
significantly correlated to the occurrence of cancer. Patients
naïve for CMV exhibited a risk of cancer 5.28 times greater
than patients who had been exposed to CMV (P ⫽ 0.006).
Finally, patient survival without cancer development was decreased in KTRs who never encountered CMV than in those
patients who had been infected with CMV (68.8% versus 92%
at 5 yr and 62.5% versus 83.6% at 8 yr, respectively; P ⫽ 0.01 by
log-rank test) (Figure 2).

Table 1. Descriptive analysis of KTRs

Dialysis duration (mo)
Age at the graft (yr)
Gender (male/female)
Mean time of study (yr)
Immunosuppressive treatment
cyclosporin/tacrolimus
azathioprine/mycophenolate mofetil
ATG/ anti-IL-2 receptor antibody/no induction
HLA MMs
0 to 1 MM (%)
2 to 4 MMs (%)
5 to 6 MMs (%)
CMV status
D⫹R⫺ (%)
D⫺R⫺ (%)
R⫹ (%)
Postgraft CMV infection (%)
Pre- or postgraft CMV infection (%)
Delayed graft function (%)
Acute rejection
Acute rejection treatment (steroid/ATG)
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Malignancy Group
(n ⴝ 23)

Control Group (n ⴝ 82)

51.7 ⫾ 71.7
52.6 ⫾ 8
15/8
8.5 ⫾ 0.9

36.4 ⫾ 40.3
49.6 ⫾ 7.3
51/31
8.2 ⫾ 1

12/11
14/9
8/1/14

38/44
27/55
21/5/56

7 (30)
16 (70)
0

11 (14)
69 (85)
1 (1)

3 (13)
7 (30)
13 (56)
7 (30)
15 (65)
11 (48)
3 (13)
1/2

18 (22)
4 (5)
60 (73)
32 (39)
73 (89)
47 (57)
13 (16)
3/14
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Table 2. Factors associated with the occurrence of cancer
in KTRs
Univariate analysis
dialysis duration (mo)
age at the graft (yr)
female (versus male)
tacrolimus (versus cyclosporin)
azathioprine (versus mycophenolate mofetil)
induction with ATG
HLA mismatches 2 to 4 versus 0 to 1
CMV R⫹ (versus D⫹ R⫺ and D⫺R⫺)
postgraft CMV infection
no pre- and postgraft CMV infection
delayed graft function
acute rejection
acute rejection treatment (ATG versus steroid)
Multivariate analysis
azathioprine (versus mycophenolate mofetil)
no pre- or postgraft CMV infection

OR

P

1.01
1.7
0.89
0.79
3.2
1.55
0.37
0.47
0.68
4.3
0.68
1.25
0.43

0.2
0.09
0.82
0.62
0.02
0.39
0.07
0.13
0.45
0.009
0.42
0.74
0.54

3.76
5.28

0.01
0.006

In Vitro Antitumor Reactivity of CMV-Induced V␦2neg
␥␦ T Lymphocytes

We next tested whether ␥␦ T cells from CMV-infected KTR
patients had a better antitumor potential than ␥␦ T cells from
patients who had never been exposed to CMV. Among the 105
patients of the cohort study, we selected either patients who
developed CMV-infection and did not display cancer (CMV⫹
cancer-free) or patients who did not develop any CMV infection and displayed a cancer (CMV-free cancer⫹). Because peripheral blood mononuclear cells (PBMCs) had to be harvested 1 yr posttransplantation (after CMV-infection and
before cancer occurrence), we only found available frozen
PBMCs for ten patients. After sorting of ␥␦ T cells from all ten
patients, ␥␦ T cell lines from only five patients grew. Those ␥␦
T cells were co-cultured with the A431 (epidermoid carcinoma) and the Daudi (Burkitt’s lymphoma) cell lines, two tu-

Figure 2. Cumulative survival without cancer development in
KTRs stratified according to history of CMV infection (pre- or
postgraft CMV infection). Kaplan–Meier analysis was used. Comparison was made using the log-rank test.
J Am Soc Nephrol 21: 181–188, 2010
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mors occurring frequently after kidney transplantation. In accordance with our hypothesis, V␦2neg ␥␦ T cell lines from the
three CMV⫹ cancer-free KTRs produced more IFN-␥ than
those from the two CMV-free cancer⫹ KTRs when cultured
with the tumor cells (Figure 3).

DISCUSSION

For several years, our group has been committed to the study of
␥␦ T cell response in KTRs, and longitudinal monitoring of ␥␦
T cells for all patients has been routine practice in our center
for 10 yr. This unique opportunity has allowed us to make a
long-term retrospective analysis to observe that a low ␥␦ T cell
percentage was characteristic of patients who develop cancer in
the upcoming years. Previously, we had demonstrated that
these ␥␦ T cells were induced by a past CMV infection, and we
observed that CMV seronegative recipients who did not develop postgraft CMV infection developed cancer after kidney
transplantation more frequently than CMV-infected patients.
The main limitation of this study is the modest sample size.
Obviously, large register studies yield more reliable findings,
but even these types of studies can be limited by incomplete
data collection. Our single-center study has the advantage of a
long follow-up period, and the data set includes all cancers,
including skin cancers.
Immunosurveillance is greatly impaired by immunosuppressive drugs as evidenced by the association of CD4⫹ T cell

Figure 3. In vitro antitumor reactivity of CMV-induced V␦2neg ␥␦
T cells. ␥␦ T cells from either patients who developed CMVinfection and did not display cancer (CMV⫹ cancer-free) or patients who did not develop any CMV infection but displayed a
cancer (CMV-free cancer⫹) were sorted from PBMCs. ␥␦ T cells
were then expanded in culture RPMI medium supplemented with
10% human serum, 1000 U/ml rIL-2, 15 ng/ml rIL-15, and irradiated autologous PBMCs. After 1 mo, those ␥␦ T cell lines were
incubated with the A431 (epidermoid carcinoma) and the Daudi
(Burkitt’s lymphoma) cell lines for 24 h in the presence of rIL-12
and rInterferon-␣. IFN-␥ released into the supernatant was quantified by ELISA.
CMV-Induced ␥␦ T Cells and Cancer
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depletion with skin cancer in KTRs.28 However, the development of ␥␦ T cells appears to be resistant to cyclosporin A in
mice.18 Among their multiple functions, the antitumor role of
␥␦ T cells has been widely documented. First, a high blood
V␦2neg ␥␦ T cell percentage is associated with a lower melanoma occurrence.29 Second, ␥␦ T cells are observed near many
epithelial tumors.12,13 Third, even if some breast tumor-infiltrating V␦2neg ␥␦ T cells have been reported to suppress T cell
and dendritic cell function in vitro,30 these cells are usually
cytotoxic against tumor epithelial cell lines and thus behave as
conventional T cells.12 Finally, ␥␦ T cells in mice contribute to
protection against epithelial malignancies.11 For all of these
reasons, we hypothesize that the V␦2neg ␥␦ T cells observed in
the epithelia function as sentinels aimed at killing emerging
tumor cells.12
Reports have indicated that ␥␦ T cells are involved in antiinfection and antitumor responses.10,31 This dual function of
␥␦ T cells has been explained by the expression of common
antigens in transformed and infected cells. Compelling evidence indicated that V␦2pos ␥␦ T cells are activated by phosphoantigens overexpressed by microorganisms and tumor
cells.32 Although the study presented here was performed on a
limited number of patients, the results are consistent and extend our previous in vitro data showing that V␦2neg ␥␦ T cells
share killing activity against CMV-infected cells and tumor
epithelial cells.25 In KTRs who experienced either pre- or postgraft CMV infections, cancer occurrence was associated with
low V␦2neg ␥␦ T cell percentages (Figure 1). A decreased ability
to have these cells amplified at the periphery could be associated with an increased risk of developing cancer. However, the
factors necessary for a significant V␦2neg ␥␦ T cell expansion
after CMV infection are still unknown. Furthermore, we demonstrated an inverse relationship between exposure to CMV
and cancer occurrence (Figure 2). Interestingly, a recent multicenter retrospective analysis also observed that CMV seronegative patients with CMV seronegative donors had a higher
risk of developing lymphoma than CMV seropositive recipients.33 This result was unexpected because the mechanisms of
immune evasion induced by CMV may decrease immune response against tumor cells.34 In addition, this result is in apparent contrast to the previously reported presence of the
CMV genome and antigens in diverse types of carcinomas.
However, it is not yet clear whether CMV plays a direct role in
carcinogenesis or if it represents an epiphenomenon. CMV has
rather been proposed to mediate indirect oncomodulatory
functions such as inhibition of apoptosis, tumor invasiveness
through modulation of adhesion molecule expression and cell
motility, increase of angiogenesis, and modulation of host immune system.34 However, one protein coded by the CMV genome (US28) induces tumor transformation in animal models.35 All of these studies may be consistent with our results if
we assume that CMV-infected cells and tumor cells express the
same stress-induced molecules, resulting in the selection of
common immune effector cells among which V␦2neg ␥␦ T cells
play an important role. Presence of CMV-infected cells in tu186
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mors from three patients of this cohort was searched through
PCR but all were found to be CMV-negative (data not shown).
In conclusion, this study reveals a dual role for CMV-induced V␦2neg ␥␦ T cells in KTRs. This cell subset is not only
involved in control of the virus but is also associated with a
lower incidence of subsequent malignancy. In this respect, a
simple measurement of V␦2neg ␥␦ T cells in the blood of KTRs
may provide an interesting parameter for the evaluation of the
cancer risk of this long-term immunosuppressed population.

CONCISE METHODS
Patients

Case-Control Study.
Between 1996 and 2000, 313 kidneys from deceased donors
were transplanted in our department. We retrospectively identified 18 KTRs who had developed cancer and for whom blood
␥␦ T cells had been enumerated at M-18, M-12, and M-6 as
well as at 6 and 12 mo after cancer diagnosis. Comparisons
were made with a case-control group of 45 cancer-free patients
that were matched for sex, year of transplantation, CMV infection status, and ATG regimen.
Cohort Study.
Retrospectively, we included 131 consecutive KTRs who received transplants in our department between 1997 and 1999.
Only patients older than 38 yr of age were included because no
younger patient developed cancer after transplantation. Eight
patients failed to complete the follow-up. Eighteen graft losses
occurred during the follow-up until January 2007: 2 deaths, 13
chronic allograft dysfunctions, 1 vascular thrombosis, 1 toxic
nephropathy, and 1 relapse of the primary kidney disease.
None of these patients developed cancer until their graft loss.
Finally, 105 KTRs with a functional graft were followed for
8.33 ⫾ 1 yr.
All patients received an immunosuppressive regimen comprised of cyclosporin or tacrolimus, azathioprine or mycophenolate mofetil, and corticosteroids. Some patients also received induction treatment with ATG or anti-IL-2 receptor antibody.
Delayed graft function was defined by the need for dialysis for the
first week. All acute rejection episodes were proven by biopsy.
Pretransplant CMV infection was defined by positive CMV
serology on the day of the graft (R⫹). Posttransplant CMV
infection was diagnosed using CMV pp65 antigen positivity in
peripheral blood leukocytes. For all CMV seronegative patients, CMV DNA analyses of three historical sera (month 3, 6,
and 12) from the first year of posttransplantation were retrospectively performed and confirmed that patients were truly
CMV negative (data not shown). From 1999, CMV seronegative patients who received CMV seropositive allograft
(D⫹R⫺) and CMV seropositive recipients (R⫹) treated with
ATG received oral ganciclovir for the first 3 mo posttransplantation. Patients suffering from postgraft CMV infection also
received intravenous ganciclovir.
J Am Soc Nephrol 21: 181–188, 2010
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The diagnosis of cancer was based on histologic examination. This study was carried out on samples harvested for medical care. This study did not require agreement from any ethics
committees.
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Flow Cytometric Analysis of ␥␦ T Lymphocytes
Whole blood was incubated with different monoclonal antibodies
(anti-CD45 and anti-CD3 from BD Bioscience, anti-pan␦ and antiV␦2 from Beckman Coulter). After red cell lysis and fixation, at least
5000 lymphocytes were processed by the FACScalibur flow cytometer,
and the percentages of cell populations were obtained using the
CELLQUEST software (BD Bioscience). Absolute counts of lymphocytes were obtained using the single platform lyse/no wash Trucount
(BD Biosciences).

In Vitro Analysis
The conservation of frozen PBMCs was approved by our relevant
local institutional review board (CHU Bordeaux), and the patients
gave their written consent. ␥␦ T cells were sorted from PBMCs by a
flow cytometer cell sorter (ARIA, BD Bioscience). ␥␦ T cells were then
expanded in culture RPMI medium supplemented with 10% human
serum, 1000 U/ml rIL-2, 15 ng/ml rIL-15, and irradiated autologous
PBMCs. After 1 mo, 30,000 ␥␦ T cells were incubated with subconfluent A431 (epidermoid carcinoma) and the Daudi (Burkitt’s lymphoma) cell line layers in flat-bottomed 96-well plates for 24 h at 37°C
in the presence of rIL-12 and rInterferon-␣ (two cytokines that enhance IFN-␥ production by V␦2neg ␥␦ T cells). IFN-␥ released into
the supernatant was quantified by ELISA (Bender Medsystems, Austria) to evaluate the response of V␦2neg ␥␦ T cell lines against tumor
antigens

Statistical Analysis

Case-Control Study.
Comparisons between cases and controls were performed using conventional statistics for matched data, including McNemar 2 test for qualitative variables, t test, or Wilcoxon ranktest. To identify a ␥␦ T cell threshold predicting malignancy
occurrence, conditional logistic regression models were used at
M-18, M-12, and M-6 with the ␥␦ T cell value as the explanatory variable. Results were expressed as AIC, Wald test P value,
and OR.
Cohort Study.
The variables potentially associated with the occurrence of
cancer were subjected to univariate analysis. Risk factors associated with cancer occurrence with P ⬍ 0.25 in univariable
analysis were included in a multivariable model. Then, a backward selection procedure was used to select a final multivariate
model including all significant variables with P ⬍ 0.05.
Kaplan–Meier analysis was used to construct patient survival
curves without cancer occurrence after kidney transplantation.
Comparison was made using the log-rank test. Analyses were
performed with SAS Software (version 9.1, Cary, NC).
J Am Soc Nephrol 21: 181–188, 2010
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