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Introduction

At present, great improvements in clinical technologies

have made renal transplantation the most effective thera-

peutic measure for end-stage renal failure. However, acute

rejection (AR) is still regarded as the major factor influenc-

ing short-term and long-term allograft survival [1]. Hence,

one of the most important tasks for both scientists and cli-

nicians is to accurately distinguish patients with a high risk

of developing AR from other patients. There is still no uni-

versally accepted marker for renal rejection, although graft

biopsies are the gold standard for rejection diagnosis.

However, graft biopsies are invasive procedures with seri-

ous potential complications. Therefore, most patients are

unwilling to accept these associated risks, which severely

restricts the clinical applications of biopsies [2].

In the past two decades, the short-term outcomes of

kidney transplant recipients have improved dramatically

because of the availability of more potent immunosup-

pressive drugs to prevent AR [3]. However, immunosup-

pressive treatment is a double-edged sword [4]. The side

effects of these immunosuppressants play a negative role

in long-term morbidity and mortality of recipients. Sev-

eral studies have observed an increased incidence of can-

cer [5,6] and serious infections [7] in renal transplant

patients. So rational immunosuppressive therapy is

regarded as a vital issue during post-transplantation [8].

Physicians generally find it difficult to maintain a balance
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Summary

HLA-G Expression in grafts and serum has been shown to improve graft accep-

tance. However, its expression on peripheral blood lymphocytes (PBLs) during

acute rejection (AR) remains unknown. In this study, we serially monitored

HLA-G expression on CD4+ and CD8+ PBLs of 66 recipients undergoing renal

transplantation using flow cytometry at different time points before and after

transplantation, as well as during AR episode. In stable recipients, HLA-G

expression on CD4+ PBLs declined during the first week after transplantation

and increased continuously with immunosuppressive therapy. Then, expression

declined gradually after 1 month and remained at a higher level compared with

pretransplantation. When AR occurred, HLA-G expression decreased signifi-

cantly compared with the stable level. In three recipients suffering from recur-

rent rejection, it remained at a low level despite impact immunosuppressive

treatment. With mix lymphocyte assay, HLA-G+ CD4+ T cells showed inhibi-

tory role on proliferation of peripheral blood mononuclear cell. HLA-G expres-

sion on CD8+ PBLs was almost undetectable at different time points in the

recipients and healthy controls. Our results suggest that HLA-G on CD4+ PBLs

might provide a potential marker for the early diagnosis of renal AR and for

the immunosuppressive status of recipients.
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between increasing the dosage of immunosuppressants to

prevent AR for high-risk patients and decreasing the drug

doses to reduce or eliminate unnecessary side effects for

the other patients.

Recently, HLA-G has been introduced in transplanta-

tion studies. HLA-G is a nonclassical HLA-I molecule,

which, unlike classical HLA molecules, exhibits a more

limited polymorphism and a restricted pattern of tissue

expression [9]. HLA-G was originally observed on fetal

cytotrophoblasts during early pregnancy and plays an

essential role in maintaining maternal–fetal immune tol-

erance. In pathological conditions, HLA-G expressed on

different tissues and cells, including peripheral blood

mononuclear cell (PBMCs) [10]. Studies in the transplan-

tation field have shown that the expression of HLA-G in

serum [11,12] and allografts [13,14] is associated with

allograft acceptance.

Our previous study with mice skin transplantation

model showed time-dependent dynamic expression of Qa-

2 (the murine homolog of HLA-G) mRNA on PBMCs

during entire episodes of AR, which is closely related to

AR occurrence and immunosuppressive treatment [15,16].

Recently, Racca et al. reported that HLA-G1 mRNA levels

in PBMCs from patients with AR are below the median

value of stable recipients [17]. To establish a noninvasive

method for predicting AR, we investigated the expression

of HLA-G on CD4+ and CD8+ PBLs using flow cytometry

in patients undergoing renal transplantation.

Patients and methods

Subjects

The study comprised 66 patients (51 men and 15 women),

with a median age of 41 years (range of 23–62 years old),

who underwent renal transplantations from June 2007 to

February 2009. All of the donor organs were from living

relatives or an organ donation program. We obtained

informed consent from each patient and the study protocol

was approved by the Ethical Committee of Qilu Hospital

of Shandong University. The study was performed in

accordance with the ethical standards of the 2000 Declara-

tion of Helsinki and the 2008 Declaration of Istanbul. The

follow-up periods ranged from preoperation to more than

3 months postoperation. Recipients were categorized into

three groups: Group Stable, Group Borderline Change (BL)

and Group Rejection. Group Stable consisted of 32 patients

(26 men and 6 women) with normal renal function and

serum creatinine level within the normal range (<1.14

mg/dl) at the follow-up period after transplantation. Group

BL comprised nine patients (six men and three women)

who were diagnosed as borderline change at a scheduled

biopsy examination performed at 4 weeks after operation.

They either presented with an infiltration of mononuclear

cells in <25% of the parenchyma (i0, i1) or foci of mild

tubulitis, (t0, t1) was detected. All of these patients had

normal renal function. Group Rejection comprised 25

patients (19 men and six women) who experienced at least

one acute rejection episode after renal transplantation. The

diagnosis of acute rejection episode was confirmed by renal

biopsy according to the Banff 2003 system [18]. The demo-

graphic data for these patients are summarized in Table 1.

The exclusion criteria and the amount of the excluded

patients are shown in Table 2.

Immunosuppressive protocol

Patients were treated with a standard triple-therapy

immunosuppressant protocol consisting of tacrolimus

Table 1. Patient characteristics

and transplant courses.
Patient characteristics

Group Stable

(n = 32)

Group Rejection

(n = 25)

Group Borderline

(n = 9)

Gender (male/female) 26/6 19/6 6/3

Age (year) mean ± SD 41.5 ± 9.64 42 ± 12.42 39.2 ± 6.61

PRA negative negative negative

Anti-HLA antibody <10% <10% <10%

Primary renal disease

Chronic glomerulonephritis 13 (40.6%) 12 (48%) 5 (56%)

Hypertensive nephrosclerosis 9 (28.1%) 10 (40%) 2 (22%)

Diabetic nephropathy 6 (18.8%) 3 (12%) 2 (22%)

Autosomal dominant polycystic

kidney disease

3 (9.4%) 0 0

Obstructive uropathy 1 (3.1%) 0 0

Donor

Live/deceased 13/19 9/16 3/6

Age (year) mean ± SD 33.1 ± 4.82 30.6 ± 6.25 34.8 ± 10.47

Cold ischemia time (h) 14.8 ± 7.46 13.9 ± 8.21 11.9 ± 9.67

HLA mismatch A/B/DR £3 £3 £3
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(FK506), mycophenolate mofetil (MMF), and prednisone

(PRE). All patients received 50 mg of Thymoglobulin

(Rabbit Anti-human Thymocyte Globulin, Imix-anga,

France) and 1 g of methylprednisolone (Pfizer Pharma-

ceuticals Limited, New York, NY, USA) on the day of

transplantation. After operation, all patients received

500 mg/day methylprednisolone and 50 mg/day Thymo-

globulin for 2 days. At 3 days after transplantation, two

doses of FK506 were administered at 0.1–0.15 mg/kg/day,

and whole blood trough levels of FK506 were controlled

according to post-transplantation time (10–20 ng/dl from

0 to 15 days, 7–15 ng/dl from 16 to 30 days, and 3–7 ng/

dl thereafter). MMF was administered simultaneously

with FK506 at a maintenance dose of 1–1.5 g/day that

was divided into two doses. PRE was administered at

1 mg/kg/day at the beginning, reduced gradually, and

finally maintained at 5–10 mg/day thereafter.

Rejection treatment consisted of three doses of methyl-

prednisolone (500 mg/dose). If serum creatinine remained

high, then Thymoglobulin (50 mg/day) was administered

for 7 days.

Collection of peripheral blood

EDTA anti-coagulated peripheral blood samples (2 ml)

were taken from each patient before the operation, on

days 3 (D3) and 7 (D7), at weeks 2 (W2) and 3 (W3),

months 1 (M1) and 2 (M2), and more than 3 months

(M3) after transplantation.

All patients were instructed to return to hospital imme-

diately if they experienced fever, lumbodynia, gross hema-

turia, oliguria, de novo or aggravated proteinuria, or if

blood pressure, creatinine clearance or blood urea nitro-

gen was increased. For these patients, blood samples were

collected immediately before the impact immunosuppres-

sive treatment (D0) and on D3, D7, D14, and D21–60

after impact treatment.

Biopsy

Surveillance biopsies were scheduled at weeks 4, 8, 12,

and 24 as part of the typical post-transplantation protocol

in our transplant unit. In addition, patients underwent

biopsies if AR was suspected.

Isolation of HLA-G+ CD4+ T cells

Peripheral blood mononuclear cell were isolated from

peripheral blood by Ficoll density gradient centrifugation

(Ficoll-Hypaque, 1.077 g/ml, Haoyang CO, China) at

400 · g for 25 min, and then washed twice with PBS by

centrifugation at 300 · g for 10 min at room tempera-

ture.

Then, PBMC were first negatively isolated using the

CD4+ T-cell isolation kit (Miltenyi Biotec, Bergisch Glad-

bach, Germany) and incubated with the biotin conjugated

HLA-G-specific 87G antibody for 45 min. Subsequently,

labeled cells were positively selected using anti-biotin

microbeads (Miltenyi Biotec) to purified HLA-G+ CD4+

T cells from peripheral blood.

Carboxyfluorescein diacetate succinimidyl ester (CFSE)

labeling and Mixed lymphocyte culture (MLC)

Isolated PBMC were labeled with CFSE (Molecular

Probes, Inc., Eugene, OR, USA) at a final concentration

of 5 lm according to the manufacturer’s instruction.

The CFSE-labeled PBMC from five recipients were trea-

ted as responder cells. The stimulator cells from five

healthy donors were incubated with Mitomycin C (50 lg/

ml) for 1 h at 37 �C and 5% CO2 to inactivate their pro-

liferation ability. Responder cells and stimulator cells

(1 · 106) were mixed in medium containing 10% FCS

and incubated at 37 �C and 5% CO2 for 5 days.

To assess the inhibitory function of HLA-G+ CD4+ T

cells, 2 · 105 purified HLA-G+ CD4+ T cells from the

same donor of responder cells were added into MLC sys-

tem with same amount of PBMC as control.

Flow Cytometry (FCM)

About 100 ll of whole blood from each patient was taken

for FCM. Monoclonal antibodies against CD3 (PerCP-

Cy5.5 and FITC, Clone: OKT3), CD4 (FITC, Clone:

OKT4), or CD8 (PE-Cy5, Clone: RPA-T8) and HLA-G

(PE, Clone: 87G) (eBioscience, San Diego, CA, USA) were

added to each sample and incubated for 25 min at room

temperature in the dark. Red blood cells were lysed with

FACS lysing solution (Becton Dickinson, Franklin Lakes,

NJ, USA) and then incubated for another 8–12 min at

room temperature in the dark. After centrifugation for

Table 2. Excluded patients.

Exclusion criteria Patients (number)

<18 year old 3

Lost during the follow-up 17

Second or Third transplantation 2

HBV Carrier and chronic hepatitis B 11

Other virus infection (CMV, HSV) 3

CNI Drug poisoning 2

Antibody-mediated rejection

(hyperacute rejection)

3

Total 41

HBV, hepatitis B virus; CMV, cytomegalovirus; HSV, herpes simplex

virus; CNI, calcineurin inhibitor.
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5 min at 500 g, the supernatants were discarded. The cells

were washed twice in cold sheath fluid (Becton Dickin-

son) and diluted with 100–200 ll of sheath fluid.

Flow cytometry was conducted using a FACS Calibur

(Becton Dickinson). To analyze the data, total lympho-

cytes were separated from peripheral blood and identified

as Gate 1, whereas the CD3+ population was separated

from Gate 1 and identified as Gate 2. To obtain the

CD3+CD4+ and the CD3+CD8+ population, the cells

obtained from Gate 2 were further subdivided by addition

of Gate 3. Finally, the level of HLA-G on the CD3+CD4+

and CD3+CD8+ T lymphocytes was measured.

The rate of positive cells (RPC) of HLA-G on periph-

eral blood CD4+ and CD8+ T-lymphocytes were calcu-

lated using Cellquest-pro software (Becton Dickinson).

To ensure the quality of HLA-G antibody, JEG-3 chorio-

carcinoma cells (HLA-G positive cell line) were used as a

positive control. In addition, FITC-mouse IgG2a, PE-

mouse IgG2a, PerCP-Cy5.5-mouse IgG2a, and PE-Cy5-

mouse IgG2b (eBioscience) were used as isotype-negative

controls for compensating and gating when setting up the

FCM. To control the intra-assay error and ensure the

quality and accuracy of the cytometry, whole blood qual-

ity controls obtained from Jianzhong Wang (First Hospi-

tal, Peking University) were used.

The proliferation of responder cells in MLC were also

measured using FCM. All live cells were gated, analyzed

for CFSE level, and visualized in a histogram.

Statistical analysis

All data were analyzed using SPSS13.0 (SPSS Inc, Chi-

cago, IL, USA) (version 13.0), MedCalc for Windows

(version 9.3.8, MedCalc Software, Mariakerke, Belgium),

and GraphPad Prism (version 5.0). The results are shown

as mean values ± SD. anova was used for serial measure-

ments in a group or different groups and significant values

were analyzed post hoc using the Student–Newman–Keuls

test. Student’s t-test analysis was used for analysis of differ-

ences between different groups. A P value of less than 0.05

was regarded as a significant difference and a P value of

less than 0.01 was considered highly significant.

Results

The HLA-G expressions on peripheral blood CD4+ T

lymphocytes from Group Stable were plotted from before

transplantation to more than 3 months after the opera-

tion (Fig. 1a). The RPC of HLA-G on CD3+CD4+ lym-

phocytes of pretransplantation was 2.27 ± 0.72%. In the

first week of post-transplantation, the HLA-G was nearly

undetectable on CD3+CD4+ lymphocytes and levels were

considerably less than the pretransplantation level. After

the first week, the HLA-G positive cells in the peripheral

blood CD4+ T lymphocytes increased continuously

during the first month, reaching a peak 1 month of

post-transplantation (10.65 ± 2.86%), before declining

gradually to maintain a stable level (6.52 ± 2.54%) after

2 months.

Compared with Group Stable, the dynamic change of

HLA-G in Group BL showed a similar tendency and

increased as the immunosuppressive therapy (Fig. 1b).

However, after 1–2 months post-transplantation, when

borderline changes of rejection were detected, the increase

of HLA-G expression was lower than that of Group

Stable.

Among the 66 transplantation recipients, 25 of them

experienced AR, which occurred from 15 days to

4.5 months after transplantation. All the patients with AR

were confirmed by biopsy. The levels of HLA-G in these

25 patients were monitored when the acute rejection

episode occurred and followed for more than 3 weeks

(Fig. 2a). The first data point represents the levels of

HLA-G during the previous routine check-up with no

symptoms of AR. When AR occurred, HLA-G positive

cells decreased significantly, even reaching an undetectable

level. The patients were administrated methylprednisolone

immediately. Three days later, the HLA-G levels up-regu-

lated gradually until 2 weeks after the AR (4.16 ± 1.63%).

Three weeks after AR, the HLA-G positive cells declined

again (2.40 ± 0.82%). In Group Rejection, there were

three patients suffering from recurrent rejection. The RPC

of HLA-G on CD3+CD4+ lymphocytes remained at a low

level (1.18 ± 0.56%), both in the relatively stable stage

and during rejection episodes (Fig. 2b).

The dynamic change of HLA-G levels in the stable

stages of Group Rejection, (except for three patients)

showed a similar tendency with that of Group Stable and

Group BL after transplantation.

The average levels of HLA-G expression on CD4+ T

lymphocytes in different groups, including healthy con-

trols, patients before transplantation, in stable stage and

during BL or AR were detected and analyzed. No statisti-

cally significant differences were found between healthy

controls and pretransplant patients. When patients were

stable with normal kidney function and no rejection

symptoms, the levels of HLA-G expression were much

higher than pretransplantation levels. In contrast, when

patients were suffering from rejection or borderline

changes, the expression of HLA-G was much lower than

stable levels (Fig. 3).

To assess the inhibitory role of HLA-G+ CD4+ T cells,

we determined the allogeneic proliferation of CFSE-

labeled PBMC with addition of HLA-G+ CD4+ T cells to

PBMC mixed lymphocyte culture. The result showed that

addition of HLA-G+ T cells led to a significant reduction
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of proliferation of PBMC from 79.92 ± 3.95% to

52.87 ± 5.08% (Fig. 4).

The HLA-G expression on peripheral blood CD3+CD8+

T lymphocytes of all patients was also monitored serially.

The results indicated that the RPC of HLA-G cells in

CD3+CD8+ lymphocytes remained at a rather low level

(1.35 ± 0.43%), suggesting that there was no significant

difference in Group Stable, Group BL or Group Rejection

compared with the preoperation levels.

Discussion

Acute rejection of human renal allograft remains a serious

clinical complication. It usually occurs within the first

3 months after transplantation [19]. In 2002, Galante

et al. followed 1544 patients after renal transplantation

and found that the 5-year survival rate of the nonacute

rejection group was 82.2%, whereas the rate of the acute

group was only 62.4% (P < 0.001) [20]. At the same

time, AR is also a major risk factor for development of

chronic rejection and reduction of allograft life [21].

Although graft histopathology has proven to be the gold

standard for evaluating AR episodes [2], it is hardly uti-

lized as a routine follow-up procedure because it is inva-

sive and might cause kidney injury sometimes. Therefore,

a less- or noninvasive technique for diagnosis of AR at

earlier stages is an urgent need in the field of renal trans-

plantation.

At the same time, despite the combination of powerful

immunosuppressive agents that have led to significant

improvements in renal allograft survival, individual differ-

ences and severe side effects resulting from insufficient or

Figure 1 Dynamic HLA-G expression on

CD4+ PBLs in Group Stable (a) and

Group BL(b). Peripheral blood samples

were obtained before the operation (day

0), as well as at days 3 and 7, weeks 2

and 3, months 1 and 2, and more than

3 months after transplantation. All recip-

ients in Group BL were detected border-

line changes during a scheduled biopsy

examination on month 1 after trans-

plant. The value of each patient is plot-

ted and the solid line represents the

mean value of HLA-G expression at each

time point. *P < 0.05 higher than the

level at pretransplantation. **P < 0.01

significantly higher than the level at pre-

transplantation. ##P < 0.01 significantly

lower than the level at pretransplanta-

tion. PBL, peripheral blood lymphocytes;

BL, borderline change.
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excessive immunosuppression are still responsible for

graft loss [8]. To date, there are no applicable methods to

assess rational immunosuppressive drug doses for each

patient.

Currently, renal function laboratory tests, such as the

measurement of serum creatinine level, are the most

widely used indicators of allograft function. However,

they are not elevated until allograft damage has already

occurred and the damage is usually irreversible. In addi-

tion, increased serum creatinine levels can also be caused

by post-transplantation complications other than rejection

[22].

In 2000, Lila et al. first reported that the occurrence of

acute heart graft rejection in HLA-G-positive patients was

lower than that of HLA-G-negative patients [23]. Since

then, HLA-G has been observed in the grafts and serum

of recipients who did not reject their allograft after heart

[14], kidney [24], liver [25], or liver/kidney transplanta-

tions [26]. However, studies on the dynamic expression

of HLA-G, particularly on PBLs, after transplantation and

during AR episodes have not been conducted.

In this study, we monitored the HLA-G expression of

PBLs in 66 kidney transplantation recipients. The levels of

HLA-G on CD4+ PBLs decreased during the first week

post-transplantation. At the early stages of post-transplan-

tation, T lymphocytes were activated by HLA mismatch,

although all recipients were treated with Thymoglobulin

and large doses of methylprednisolone during the first

3 days.

From 2 weeks onwards, the amount of HLA-G positive

cells increased gradually and was much higher than the

levels of pretransplant, early stage of post-transplant and

Figure 2 HLA-G expression on CD4+

PBLs during the acute rejection progress.

(a) In Group Rejection, peripheral blood

samples were taken six times during

acute rejection. D-30–D-7: The last rou-

tinely checkout before AR occurred; D0:

The laboratory or clinical dysfunction

occurred on patients (the biopsy day);

and others is different time point after

AGR. **P < 0.01 versus the level on

AGR episode. The value of each patient

is plotted and solid line represents the

mean value of HLA-G expression on

each time point in part A and B. (b) For

three recipients suffering from recurrent

rejection, six times of peripheral blood

samples were taken. S1: The last rou-

tinely checkout before first AGR

occurred; R1, R2: first and second rejec-

tion occurred; S2, S3, S4: relative stable

stage between rejection. Each patient is

represented by individual line. PBL,

peripheral blood lymphocytes; AR, acute

rejection; AGR, acute graft rejection.
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during episodes of AR. Other studies have also reported

that patients with graft expression of HLA-G and high

levels of sHLA-G are associated with better graft

acceptance [27,28]. The reasons for these results are not

certain. By analyzing the clinical immunosuppressive pro-

tocol, we found that after 3 days of operation, all patients

were treated with triple-therapy immunosuppressant pro-

tocol consisting of FK506, MMF, and PRE. Studies have

reported that immunosuppressive agents, such as CsA,

methylprednisolone, and MMF, could up-regulate Th-2

cytokines (such as IL-4, IL-10, and IL-12) [29]. Moreau

et al. reported that these cytokines selectively induced

HLA-G expression in human trophoblasts and monocytes

[30]. Immunosuppressive agents might induce increased

HLA-G expression on PBMCs by up-regulating the level

of Th-2 cytokines.

During this process, HLA-G might participate in the

protection of transplants against rejection and prolonging

allograft survival by inhibiting the proliferation function

of cells involved in graft rejection. Wiendl et al. have sug-

gested that HLA-G expression defines a novel regulatory

T-cell subset present in human peripheral blood and

found that CD4 HLA-G+ T cells had suppressive effect on

lymphocyte proliferation. Our study showed that addition

of HLA-G+ CD4+ T cells could reduce mixed lymphocyte

activated allogeneic proliferation of CFSE-labeled PBMC.

Other studies have reported that HLA-G molecule inhib-

its the cytotoxic activity of CD8+ T cells and NK cells

[31], the proliferation of CD4+ T cells [10], the cell cycle

progression of alloreactive T cells [32] and the maturation

of APCs [33]. And furthermore, some researchers have

found that HLA-G efficiently induces regulatory T cells

[34].

It is worthwhile to note that three patients suffering

from recurrent rejection showed continuously low-levels

of HLA-G expression despite a high-dose of immunosup-

Figure 3 Analysis of HLA-G expression on CD4+ T lymphocytes of

healthy controls, pretransplantation patients, and recipients at stable

stage, when BL was detected or when AR occurred. The RPC of HLA-

G on CD4+ T lymphocytes was measured using FCM. *(P < 0.05) and

**(P < 0.01) vs. level of Group Stable. Dates are depicted as

mean ± SD. BL, borderline change; AR, acute rejection; RPC, rate of

positive cells.

Figure 4 The role of HLA-G+ CD4+ T cells on PBMC proliferation to allogeneic stimulation. The CFSE-labeled PBMC from five recipients (responder

cells) were co-cultured with PBMC from five health controls (stimulator cells). The proliferation of CFSE-labeled responder cells was measured with

FCM. (a) Representative results with percentages of proliferation stated in overlay histogram. Solid line: CFSE-labeled recipient PBMC without stimu-

lator cells. Dot line: CFSE-labeled recipient PBMC with stimulator cells. Shaded area: CFSE-labeled recipient PBMC were co-cultured with stimulator

cells with the addition of 2 · 105 responder HLA-G+ CD4+ T cells. (b) Proliferation of PBMC from five recipients in mixed lymphocyte culture system.

R+S: mean responder cells and stimulator cells in MLC. R+S+HLA-G+: mean responder cells + stimulator cells with the addition of purified HLA-G+

CD4+ T cells. PMBC, peripheral blood mononuclear cell; CFSC, carboxyfluorescien diacetate succinimidyl ester; FCM, flow cytometry.
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pressive agents. One possible explanation for this result is

that individual patient has different susceptibility to

immunosuppressive treatments. Patients in whom inten-

sive immunosuppressive therapy failed to up-regulate

their HLA-G expression may be at a high risk of recur-

rent severe rejection episodes.

The most important finding of our research is that the

levels of HLA-G decreased significantly in all patients of

Group Rejection when acute rejection episodes occurred

compared with their last routine check-up before AR

(P < 0.01) and follow-up after AR (P < 0.01). These

results point to an inverse relationship between HLA-G+

CD4+ T lymphocytes and episodes of AR. The percentage

of HLA-G+ T lymphocytes might reflect the immune sta-

tus of the host. Recently, Racca et al. also showed that

HLA-G and HLA-G1 mRNA levels in PBMCs from

patients with AR were lower than stable patients [17].

When AR occurred, host T lymphocytes and monocytes

(the majority of PBMCs) were activated through direct

and indirect recognition. However, the mechanisms

underlying these changes need to be elucidated.

By analyzing the data of Group BL, we found that

HLA-G+ CD4+ T lymphocytes decreased during border-

line changes were found. During cell-mediated acute

rejection process, activation of T lymphocytes is the initial

stage and much more earlier than organ damage occur-

rence. Hence, the change in HLA-G expression on

PBMCs may precede changes of kidney function markers.

And the decrease of HLA-G may be valuable for early

diagnosis of AR.

Both our previous study [15] and the study by Racca

[17] have shown that HLA-G mRNA level are down regu-

lated during AR. FCM is easier and less labor-intensive

than PCR and is widely available in most clinical labora-

tories. Therefore, regular monitoring of HLA-G expres-

sion on peripheral blood CD4+ T lymphocytes would be

beneficial for the early diagnosis of AR.

In conclusion, the percentage of HLA-G+ CD4+ PBLs

might reflect the immune status of the recipient and is

related to AR episodes and immunosuppressive therapy.

Therefore, we propose that the levels of HLA-G on CD4+

PBLs may serve as a useful indicator in predicting AR

episodes after renal transplantation. Further investigations

with larger patient populations are required to confirm

these findings. In addition, the exact mechanisms of

HLA-G down-regulation on CD4+ PBLs still need to be

elucidated.
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