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Objective: To investigate the changes in the proportion of peripheral blood lymphocytes and the expression of HLA II molecules in 
lymphocytes during acute rejection after renal transplantation.
Methods: Thirty-five patients who had undergone renal transplantation were selected. Eighteen patients with clinical and pathological 
confirmed acute rejection were selected as the test group, and twelve patients without clinical acute rejection symptoms were selected 
as the control group. Flow cytometry analysis was used to determine the proportion of peripheral blood lymphocytes. The mRNA and 
protein expression of HLA II molecules on peripheral blood lymphocytes were detected using real-time fluorescence quantification and 
immunoblotting, respectively.
Results: The proportion of T lymphocytes, B lymphocytes, and CD4CD8 double positive T cells in the Control Group were 67.48% ± 
5.35%, 10.82% ± 1.26%, and 0.88% ± 0.06%, respectively, and in the Test Group were 87.52% ± 6.28%, 3.36% ± 0.26%, and 0.34% ± 
0.03%, with a significant difference respectively. The mRNA and protein expressions of HLA II molecules of peripheral blood 
B lymphocytes in the control group were significantly higher that these in the test group.
Conclusion: The proportion of peripheral blood T lymphocytes, B lymphocytes, CD4CD8 double positive T cells, and the expression 
of HLA II molecules of peripheral blood lymphocytes can all indicate the occurrence of acute renal transplantation rejection, which 
were exceedingly useful to clinicians in judging the acute rejection of renal transplantation in the early stages.
Keywords: acute rejection, HLA II molecules, kidney transplantation, peripheral blood lymphocytes, flow cytometric analysis

Introduction
Kidney transplantation is the best method to treat chronic renal failure presently, as it significantly improves the quality 
of life of patients suffering from kidney disease. Currently, kidney transplantation is widely and successfully used, and 
there are numerous studies on this procedure.1–4 Acute rejection is the most common transplantation failure within 3 
months after kidney transplantation. It is also referred to as acute cellular rejection due to cellular immune mechanism in 
the early stages. The main causes of acute rejection are delayed type hypersensitive inflammation mediated by CD4+T 
cells and specific killing of transplantation cells mediated by CD8+T cells.

Acute rejection of kidney transplantation easily causes kidney transplantation failure, so it is very important to detect 
acute rejection at an early stage and take effective treatment measures. At present, clinicians estimate acute rejection of 
kidney transplantation based on the following indications: 1. The clinical indications are kidney swelling and tenderness, 
fever, fatigue, decreased urine output, weight gain, and increased blood pressure. 2. Serum creatinine and urea nitrogen 
levels increase in the renal function test. 3. The increase of transplanted kidney and the resistance index can be found 
with Color Doppler ultrasonography. 4. Renal scan reveals decreased renal blood flow. In general, the above methods 
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have several limitations, poor sensitivity and specificity, and cannot detect acute rejection in time.5 The final diagnosis of 
acute rejection depends on the pathological changes caused by acute rejection, which can only be detected from a renal 
biopsy. However, pathological examination is traumatic and unlikely to be widely popularized. Therefore, it is imperative 
to find early sensitive and specific non-invasive examination indicators.6

In this study, we selected 30 patients with acute rejection of renal transplantation. Peripheral venous blood was drawn 
and analyzed using flow cytometry and the expression of HLA II molecules was confirmed by RT-PCR and Western blot, 
to evaluate their effect on the acute rejection of kidney transplantation in the early stages.

Materials and Methods
Selection of Patients in the Test Group
Thirty-five patients (aged 51.2 years on average) were selected for daily observation within 3 months after renal 
transplantation. If the patients had clinical indications with symptoms like renal swelling and tenderness, fever, fatigue, 
decreased urine output, weight gain, and increased blood pressure, and the serum creatinine and urea nitrogen levels 
increased in renal function tests, the patients were listed as key subjects. After screening, 23 patients with the above 
indications were selected as key subjects and were listed as the Test Group, and the remaining 12 patients were grouped 
as non-key subjects and were listed as the Control Group. This study was approved by the Ethics Committee of 
Shandong Province Qianfoshan Hospital. Additionally, this study was conducted in accordance with the Declaration of 
Istanbul, and all organs were donated voluntarily with written informed consent.

Renal Biopsy
After administering local anesthesia, 23 key subjects and 1 subject from the Control Group underwent an ultrasound 
B scan-guided renal biopsy in which a small piece of kidney tissue with a diameter of 2 mm and a length of 1.5–2.0 cm 
was taken out through a renal puncture needle. Then, the tissue blocks were dehydrated, made transparent, embedded, 
waxed, and sectioned using a pathological microtome, and we used the hematoxylin eosin staining method to make renal 
puncture pathological films. When compared with normal subjects, there were no pathological changes in renal puncture, 
and 18 of the 23 key subjects showed obvious edema of renal interstitium with much cell infiltration under the 
microscope. This included mainly monocytes and lymphocytes, and many monocytes in glomeruli and peritubular 
capillaries. The above pathological changes confirmed that these 18 renal transplant patients had acute renal transplant 
rejection, and so the Test Group was revised to only include these 18 patients.

Drawing of Peripheral Venous Blood
For the 18 patients in the Test Group, 10 mL peripheral venous blood was drawn with EDTAK2 anticoagulant tube, of 
which 2 mL venous blood was used for blood routine detection of lymphocyte values (using a Sysmex XN-1000 
automatic blood analyzer), 2 mL venous blood was used for flow cytometry analysis of lymphocytes, and 6 mL venous 
blood was used for extraction of peripheral blood lymphocytes. At the same time, 10 mL of peripheral venous blood was 
taken from the 12 patients in the Control Group and anticoagulated with EDTAK2. Similarly, 2 mL of venous blood was 
used for blood routine detection of lymphocyte values, 2 mL of venous blood was used for flow cytometry analysis of 
lymphocytes, and 6 mL of venous blood was used for extraction of peripheral blood lymphocytes.

Flow Cytometry Analysis
Peripheral venous blood of the 12 patients in the Control Group and 18 patients in the Test Group were collected for 
100 μL plus 10 μL (CD3, CD4, CD8, and CD19, etc.) monoclonal antibody reagent (Biovision, USA). After reaction 
in the dark at room temperature for 20 minutes, 2 mL hemolytic agent was added to the whole blood sample, and 
centrifuged for 5 minutes. Then, the supernatant was removed and diluted with 1.0 mL PBS, mixed well and placed on 
the machine (BD FACSCanto II) to detect the proportion of T lymphocytes, B lymphocytes, and CD4CD8 double 
positive T cells.
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Real-Time Fluorescence Quantitative Detection of HLA II Molecules mRNA 
Expression in Peripheral Blood Lymphocytes
We used human lymphocyte isolation solution to extract peripheral blood lymphocytes. Lymphocyte RNA was extracted 
according to the instructions provided in the Trizol Extraction Kit (Invitrogen). The absorbance value of total RNA was detected 
by UV spectrophotometry. OD260/280 was 1.8–2.0, indicating high RNA purity. Then, the RNA concentration was calculated 
according to the OD value. The mRNA expression was amplified with a Lighter Cycler 2.0 fluorescent real-time quantitative 
PCR instrument, and all reactions were conducted with the SYBR Green I chimeric fluorescent real-time PCR kit of TaKaRa 
Company. The upstream and downstream primers of HLAII molecular genes were designed. The primer sequences covered 
HLA (DQA1/DQB1 and DPA1/DPB1), and the primers spanned exons 3 and 4 to ensure the non-polymorphic regions of the 
gene and to exclude possible DNA contamination in the RNA samples. The following primer sequences were applied for cDNA 
amplification: upstream primer: 5’-gctattgatgggtctcaccc-3’, downstream primer: 5’-caggacgtcaaggtacagga-3’. β-actin (as internal 
reference), upstream primer: 5’-cgtgcgggacatcaagga-3’, downstream primer: 5’-aggaaggagggctggaaca-3’. Reaction conditions: 
the PCR cycle was started after pre-denaturation at 95 °C for 30s. The cycle parameters were denaturation at 95 °C for 5s, 
annealing at 55 °C for 20s, extension at 72 °C for 15s, amplification for 60 cycles, and detection of fluorescence signal at the 
extension stage. The melting curves were analyzed at 95 °C for 10s, 65 °C for 30s, and 95 °C for 10s. The mRNA expression of 
HLA II molecules was measured according to 2- Δ CT value method.

Immunoblot Tests
Human lymphocyte isolation solution was used to extract peripheral blood lymphocytes and total protein, and to calculate 
the protein content, and 50 µg of total protein was loaded and electrophoresed on a 10% polybrene amide gel. The film 
was developed with electro chemiluminescence (ECL) reagent and monoclonal antibody against HLA II molecules 
(Abnova). The film was photographed, and the computer image was analyzed according to the band density. We used the 
HLA II molecules/β-Actin (Santa Cruz) ratio for relative quantitative analysis.

Statistical Treatment
All data were expressed as mean ± SD and were processed with SPSS 17.0 software package for t-test between groups. 
P < 0.05 indicated an obvious difference, and P < 0.01 indicated a significant difference.

Results
1. There were no significant differences between group in the baseline characteristics of the enrolled patients, 

including the gender, age, donor age, number of previous transplants and ischemia-reperfusion time. The total 
number of peripheral blood lymphocytes in the Control Group was 2.36 ± 0.21x109/L, and the total number of 
peripheral blood lymphocytes in the Test Group was 2.53 ± 0.23x109/l, P > 0.05, without statistical significance, as 
shown in Table 1.

2. The renal puncture histopathology of the Control Group did not change significantly (Figure 1). Under the 
microscope, the Test Group showed obvious edema of renal interstitium with sufficient cell infiltration, mainly 
monocytes and lymphocytes, and many monocytes in glomeruli and peritubular capillaries (Figure 2).

Table 1 Total Number of Peripheral Blood Lymphocytes, Proportion of T Lymphocytes, Proportion of B Lymphocytes, and Expression of 
HLA II mRNA and Protein on the Surface of Peripheral Blood B Lymphocytes in the Control Group and the Test Group

Group Total Number of Peripheral 
Blood Lymphocytes

Proportion of 
T Lymphocytes

Proportion of 
B Lymphocytes

HLA II mRNA 
Expression

HLA II Protein 
Expression

Control Group (n=12) 2.36±0.21x109/L 67.48%±5.35% 10.82%±1.26% 2.43 ± 0.28 4.42 ± 0.36

Test Group (n=18) 2.53±0.23x109/L 87.52%±6.28% 3.36%±0.26% 0.28 ± 1.14 21.65± 2.83
P value P>0.05 P<0.05 P<0.05 P<0.01 P<0.01
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3. Flow cytometry analysis results: relative to the total peripheral blood lymph value, the proportion of 
T lymphocytes in the Control Group was 67.48% ± 5.35%, and the proportion of T lymphocytes in the Test 
Group was 87.52% ± 6.28%; the proportion of B lymphocytes in the Control Group was 10.82% ± 1.26%, and that 
in the Test Group was 3.36% ± 0.26%; the proportion of CD4CD8 double positive T cells in the Control Group 
was 0.88% ± 0.06%, and the proportion of CD4CD8 double positive T cells in the Test Group was 0.34% ± 0.03%. 
There were significant differences between the Control Group and the Test Group (P = 0.025, 0.028, 0.021), as 
shown in Table 1 and Figure 3.

4. The mRNA expression of HLA II molecules in blood B lymphocytes in the Control Group was 2.43 ± 0.28, which 
increased to 10.28 ± 1.14 in the Test Group, P < 0.01, with significant difference. The ROC curve analysis showed 
that the cutoff value of mRNA expression of HLA II molecules for the acute rejection was 9.15 (AUC: 0.98, P < 
0.01). Additionally, the expression of HLA II molecular protein in peripheral blood B lymphocytes in the Control 
Group was 4.42 ± 0.36, which increased to 21.65 ± 2.83 in the Test Group, with significant difference (P < 0.01), 
as shown in Table 1 and Figure 4.

Figure 1 Histopathology of renal puncture in the Control Group did not change significantly (x200).

Figure 2 Histopathology of renal puncture in the test group showed that the renal interstitium is obviously edematous with much cell infiltration, mainly monocytes and 
lymphocytes (black arrow, x200).
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Discussion
Although kidney transplantation is a very popular option to treat kidney disease, acute rejection is most likely to occur 
within 3 months after the transplant.7–9 Acute rejection of kidney transplantation is a serious condition, as it can easily 
lead to fever, blood in urine, and other systemic symptoms, but also cause abdominal distension, abdominal pain, and 
even necrosis of the transplanted kidney leading to much harm. Therefore, early detection of acute rejection and 
subsequent effective treatment are critical, which is the key to the success of the kidney transplantation.

At present, clinicians evaluate the acute rejection of renal transplantation mainly based on the patients’ clinical 
indications, such as kidney swelling and tenderness, fever, fatigue, decreased urine output, weight gain, and increased 
blood pressure, and the results of the corresponding renal function tests, such as serum creatinine and urea nitrogen 
levels. These evaluation methods have poor sensitivity and specificity and cannot detect acute rejection of kidney 
transplantation in time and accurately.10–12 In this study, 35 patients who had undergone renal transplantation were 
selected and it was observed that 23 patients had clinical acute rejection, but only 18 patients had true acute rejection, as 
confirmed pathologically. This showed that the current method for clinicians to evaluate acute rejection of kidney 
transplantation is not ideal.

There was no significant difference in the total number of peripheral blood lymphocytes between the 18 patients with 
acute rejection of renal transplantation and the Control Group, but from the flow cytometry analysis, we observed that the 
proportion of T lymphocytes increased, the corresponding proportion of B lymphocytes decreased, and the proportion of 
CD4CD8 double positive T cells decreased. T lymphocytes are multipotent stem cells derived from bone marrow. In human 
embryonic and neonatal stages, a part of pluripotent stem cells or pre-T cells present in the bone marrow migrate into the 
thymus, where they differentiate and mature under the induction of the thymic hormone and become T cells whose function 
is immune activity. Mature T cells are distributed to the thymus-dependent area of peripheral immune organs through blood 
flow and can be recycled through lymphatic vessels, peripheral blood, and tissue fluid to offer cellular immunity and immune 

Figure 3 The result of flow cytometric analysis of peripheral blood lymphocytes. (A) Proportion of T lymphocytes in test group. (B) Proportion of B lymphocytes in test 
group. (C) Proportion of CD4CD8 double positive T cells in test group.

Figure 4 Expression of HLA II protein in peripheral blood B lymphocytes.
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regulation functions. CD4CD8 double positive T cells are immature T cells in the thymus—their cell membrane surface 
expresses both CD4 and CD8 molecules, and they are formed after the development of double negative cells.13,14

CD8+ cytotoxic T cell precursor cells were activated and proliferated into mature cytotoxic T cells after binding with 
donor HLA I antigen, which had an aggressive effect on the transplantation; CD4 + T helper cells recognize donor HLA 
II antigens and promote antigen-presenting cells to release IL-1, promoting T helper cell proliferation and releasing IL-2, 
which further boosts T helper cell proliferation and provides auxiliary signals for the differentiation of cytotoxic T cells. 
Except for IL-2, T cells can also produce IL-4 and IL-5, promote B cell differentiation, and produce anti-transplantation 
antibodies, which cause transplantation rejection.15–17 As several CD4+T helper cells and CD8+ cytotoxic T cells 
participate in acute rejection, the proportion of T cells in peripheral blood increases and the proportion of lymphocytes 
decreases. Several T cells participate in acute rejection, resulting in insufficient supply of T cells in the thymus, and the 
corresponding reduction of mature and immature T cells in the thymus. Therefore, the proportion of CD4CD8 double 
positive T cells in peripheral blood also decreases.

HLA II molecules are composited by the Chain α and Chain β encoded by HLA genes, and the extracellular segment 
includes α1, α2, β1, and β2 domains. HLA II molecules are distributed on the surface of professional antigen-presenting cells, 
activated T cells, and thymic epithelial cells. HLA I and HLA II antigens are expressed on the cell membrane of T cells, of 
which HLA I antigens are expressed on the surface of T cells at all development stages, while resting T cells have no HLA II 
antigens, but they can be expressed after T cell activation.18,19 When acute rejection occurs in renal transplantation, the 
proportion of activated T cells increases due to increased proportion of T lymphocytes, and the corresponding mRNA and 
protein expression of HLA II molecules also increases. Real-time fluorescent quantitative PCR was applied to detect the 
mRNA expression of HLA II molecules in peripheral blood B lymphocytes. As HLA II molecules are composed of DQA1/ 
DQB1 or DPA1/DPB1, special primers with primer sequences covering DQA1/DQB1 and DPA1/DPB1 were designed, so 
that the mRNA expression of HLA II molecules in the peripheral blood B lymphocytes could be detected.20 As the monoclonal 
antibodies against HLA I molecules produced by Abnova Company contain HLA (DR, DP, and DQ), the protein expression of 
HLA II molecules in peripheral blood B lymphocytes was detected in the immunoblot test.

In conclusion, when acute rejection occurred after renal transplantation, the proportion of T lymphocytes increased, 
the corresponding proportion of B lymphocytes decreased, and the proportion of CD4CD8 double positive T cells 
decreased, as well as the expression of HLA II molecules in peripheral blood lymphocytes decreased. These indicators 
suggest the possibility of acute rejection, especially the mRNA expression of HLA II molecules in peripheral blood 
lymphocytes. This is relatively specific and highly operable and can be immensely helpful to clinicians in evaluating the 
acute rejection of kidney transplantation in the early stages.

Abbreviations
HLA II, human leukocyte antigen II; RNA, ribonucleic acid; mRNA, messenger ribonucleic acid; CD, cluster differ-
entiation antigen; EDTAK2, dipotassium ethylenediaminetetraacetate; OD, optical density; PCR, polymerase chain 
reaction; IL, interleukin.
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