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Abstract 
 

The aim was to study the association of CD150 expression in peripheral blood mononuclear 
cells (PBMCs) with response to hepatitis B (HB) vaccination. Heparinized blood drawn from 
non-responders and responders was used to obtain PBMCs. Out of 460 adult healthy males 
and non-pregnant females, 27 subjects who were negative for HB markers were defined as 
non-responders (15 males and 12 females, aged 21-47 years). Among subjects who were 
anti-HB positive, 27 subjects were randomly chosen as responders (16 males and 11 females, 
aged 20-48 years). The isolated PBMCs were cultured and induced with recombinant HB 
surface antigen (rHBsAg) or phytohaemaglutinin (PHA). The expression of CD150 was then 
analyzed using flow cytometry. The levels of CD150 in both PBMC (t = 2.086, P = 0.044) and 
CD3+CD4+ cells (t = 2.221, P = 0.032) in non-responders to the hepatitis B vaccine were 
found to be significantly higher than those in the responders when the cells were induced 
with rHBsAg, while the level of CD150 in CD3+CD4- cells in non-responders were not sig-
nificantly different from the responders. However, no significant difference was found in the 
level of CD150 in CD3+CD4+ cells or CD3+CD4- cells between non-responders and respond-
ers when the cells were induced with PHA. Therefore, CD150 may directly induce the pro-
liferation of CD4+ and play a role in non-response to HB vaccination. 
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Introduction 
 
Hepatitis B (HB) is an infectious disease that causes  
epidemics in many parts of Asia. The vaccine for HB is 
regarded as a safe, effective preventative for people 
living in regions where the virus is endemic, or for pa-
tients within high-risk population. However, 5%-10% 
of subjects (i.e., non-responders) do not develop protec-
tive surface antibodies after completing the full series 
of the standard HB immunization. Non-responders 
therefore remain susceptible to infection by the hepatitis 
B virus (HBV) [1].  
 
There may be multiple reasons for non-response to 
immunization, because the underlying mechanisms are 

complex. It is well established that genetic factors play 
a critical role in the induction of the anti-hepatitis B 
surface (anti-HBs) response that prevents or controls 
HBV infections. It has also been suggested that human 
leukocyte antigen phenotypes are related to non-
response [2, 3]. Other factors affecting immunity, such 
as, failure of antigen presentation or a lack of T helper 
cell response to the HB surface antigen (HBsAg) are 
also implicated [4-6]. In vitro experiments have shown 
that non-responders have poor peripheral blood mono-
nuclear cell (PBMC) proliferative responses and de-
creased expression of cell surface molecules such as 
CD69, CD25 and CD40 in T cells [7].  
 

In a recent investigation of the response of health care 
workers to the HB vaccine, CD150 (also known as the 
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signaling lymphocytic activation molecule, or SLAM) 
was identified as an expression marker upregulated 
upon vaccination. It was also shown by gene chip 
analysis that CD150 has a suppressive regulatory cell 
function on all activated T cells [8]. The cellular prolif-
eration response to specific or non-specific antigens is 
significantly associated with enhanced surface expres-
sion of CD150 in non-responders. Thus, it might be 
possible to use CD150 as a potential predictive marker 
for non-responsiveness [9].  
 
The SLAM family of human genes consists of seven 
related members of the immunoglobulin superfamily. 
These include CD150, CD244 (also known as 2B4), 
CD84, CD229 (formerly Ly-9), CD48, 19A and the 
B-lymphocyte activator macrophage expressed 
(BLAME). This set of genes, related to CD2 and CD58 
on Chromosome (Chr) 1p98, are found clustered to-
gether in the human genome on Chr 1q22-q23. These 
genes are expressed to varying degrees in subsets of 
immune cells (T, B, natural killer, and myeloid cells) 
and may function as ligands or receptors. Four of these 
family members (CD150, CD244, CD84, CD229) con-
tain conserved tyrosine motifs in their cytoplasmic tails 
that enable them to bind intracellular signaling mole-
cules SAP and EAT-2 [10]. SLAM and 
SLAM-associated protein (SAP) families influence the 
functions of conventional lymphocytes, including the 
secretion of certain cytokines by CD4+ T cells, and 
these molecules can mediate B cell help, CD8+ T cell 
proliferation and cytokine production, NK 
cell-mediated cytotoxicity, and B cell antibody produc-
tion. These unique functional properties appear to be 
facilitated by the ability of SLAM-related receptors to 
serve as self-ligands during homotypic interactions be-
tween immune cells [11].  
 
To investigate the possible association of CD150 with 
response to the HB vaccine in the Chinese population, 
we analyzed and compared its expression in responders 
and non-responders. We further analyzed the expression 
of CD150 on PBMCs when the cells were induced with 
phytohaemaglutinin (PHA) or recombinant HBsAg 
(rHBsAg) in vitro. 
 
Materials and Methods  
 
Subjects  
Volunteers were enrolled by the Department of Infec-
tion at the Third Affiliated Hospital of Sun Yat-sen 
University, Guangzhou from September 2007 to June 
2010. All volunteers satisfied the following criteria: 
adults with a well-documented history of HB vaccina-
tion within the past two years (completing at least one 
standard immunization schedule); negative serologies 
for HB virus; and healthy, with normal liver function. 

Following standard boosting schedules (20µg yeast re-
combinant HB vaccine, 0, 1, 6 months), anti-HBs were 
determined seven to twelve months after inoculation 
(Abbott kits, IMx AUSAB). Out of 460 adult healthy 
males and nonpregnant females, 27 subjects who were 
negative for HB markers (HBsAg, anti-HBs, HBeAg, 
anti-HBe, and anti-HBc) were defined as 
non-responders (15 males and 12 females, aged 21-47 
years). Among subjects who were anti-HBs positive, 27 
subjects were randomly enrolled as responders (16 
males and 11 females, aged 20-48 years). The study was 
approved by the hospital research Ethics Committee. 
Signed informed consent was obtained from all partici-
pants in this study. 
 
Isolation of PBMCs  
A total of 18 ml of venous blood was drawn from each 
patient, divided into three sterile tubes, and subse-
quently sent for preparation of PBMCs within 4 h. 
PBMCs were isolated using the density gradient cen-
trifugation method. The blood was diluted with phos-
phate buffered saline (PBS) (1:1 volume ratio), slowly 
added onto the surface of lymphocyte separation me-
dium (5 ml/each tube), and subsequently centrifuged at 
700 g for 20 min. The buffy interface layer was col-
lected and washed with sterile PBS several times. The 
isolated PBMCs were used for both flow cytometric 
analysis of CD150 expression, and further cell culture 
using induction with PHA or rHBsAg. 
 
Culture of PBMCs with PHA or rHBsAg 
PBMCs were cultured with Roswell Park Memorial 
Institute (RPMI)-1640 medium containing 10% fetal 
calf serum (FCS), and stimulated with either phytohe-
magglutinin (PHA, 1µg/ml) or the purified yeast HB 
antigen (rHBsAg, 3µg/ml) at 37 °C under 5% CO2 and 
95% relative humidity for 48 h. 
 
Flow cytometry assay 
Following 48 h of cell culture, cells were washed with 
PBS twice, re-suspended in PBS and adjusted to a con-
centration of 1x106/ml. Fluorescein isothiocyanate 
(FITC)-conjugated anti-human CD4 monoclonal anti-
body, phosphatidylethanolamine (PE), PE-conjugated 
anti-human CD150, and allophycocyanin 
(APC)–conjugated anti-human CD3 (each 20 µl) were 
added to 100 µl of cell suspension and incubated at 20 
°C for 30 min. A total of 10 µl of mouse IgG1 (kappa) 
was added to 100 µl of cell suspension as a control. 
Cells from each tube were washed with 1 ml PBS. Fol-
lowing centrifugation at 300 g for 5 min, cells were 
resuspended in 500 µl of PBS. A three-color fluores-
cence flow cytometry (BD-FACScalibur) assay was 
performed after setting the gates for the forward scat-
tering and side scattering lights and the compensation 
of fluorescence for each channel. Cell Quest software 
was used to analyze the expression of CD150 in the 
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PBMCs, CD3+CD4+ and CD3+CD4- cells. 
 
Statistical analysis 
Statistical analysis (bilateral t-test) was performed using 
the SPSS 16.0 statistical package. A P-value P≦0.05 
was assumed to indicate a significant difference. 
Results 
 
Flow cytometry assays revealed that the levels of 
CD150 in both PBMC (t = 2.086, P = 0.044) and 

CD3+CD4+ cells (t = 2.221, P = 0.032) in 
non-responders to the hepatitis B vaccine were signifi-
cantly higher than those in the responders when the 
cells were induced with rHBsAg. While the level of 
CD150 in CD3+CD4- cells in non-responders were not 
significantly different from the responders. There were 
no significant differences in the levels of CD150 in 
CD3+CD4+ cells or CD3+CD4- cells between the 
non-responders and responders when the cells were 
induced with PHA. (Table 1)  

 
Table 1   Expression of CD150 (%) in non-responders and responders; *: P<0.05. 

 
Stimulus Cell type Non-responder Responder t P-value 
HBsAg PBMC 50.26±1.42 45.20±1.97 2.086 0.044* 
 CD3+CD4+ 55.14±2.01 48.75±2.05 2.221 0.032* 
 CD3+CD4- 37.59±2.32 35.88±2.55 0.496 0.623 
PHA PBMC 36.90±1.99 30.17±1.50 2.699 0.081 
 CD3+CD4+ 43.31±2.60 35.70±1.61 2.490 0.057 
 CD3+CD4- 34.71±2.02 29.28±2.63 1.639 0.109 
No PBMC 41.19±2.25 35.89±1.78 1.848 0.072 
 CD3+CD4+ 41.79±2.63 35.52±2.75 2.297 0.052 
 CD3+CD4- 38.42±1.68 33.96±1.45 2.003 0.059 
 
Discussion 
 
HB virus infection remains a major public health problem 
worldwide. The efficacy of HB vaccines for preventing 
disease is well known. However, 5–10% of patients who 
receive the vaccine are unable to achieve a protective 
level of antibodies (>10 U/L) after vaccination. The lack 
of response to HB vaccination remains a problem for in-
dividuals who are at risk of HB infection. The mechanism 
responsible for the non-response to HB vaccination is 
associated with the dysfunction or dysregulation of T 
lymphocytes, B lymphocytes, and APCs in 
non-responding individuals. No consensus about the 
mechanism has been established, and the results presented 
by different investigators are controversial, indicating that 
further studies are needed [3, 12-16].  
 
CD150, a lymphocyte activation signaling molecule, was 
recently reported to be significantly upregulated in 
non-responders, compared with high responders. This 
finding prompted us to investigate whether this also oc-
curs in the Chinese population. In our preliminary study 
of 54 subjects who received HB vaccination (27 
non-responders, 27 responders), the CD150 level in 
CD3+CD4+ cells in the non-responders was significantly 
higher than that in the responders. This preliminary result 
seems to be consistent with a previous report showing the 
up-regulation of CD150 in non-reponders to HB vaccina-
tion in Indian health care workers [9]. To probe the possi-
ble mechanism underlying non-response to HB vaccina-
tion, we induced PBMCs, isolated from patients, with 
PHA or rHBsAg in vitro, and compared the expression of 

CD150 between the cells of responders and 
non-responders. We observed an altered expression pat-
tern of CD150 in the rHBsAg-induced PBMCs of 
non-responders. The expression of CD150 on 
rHBsAg-induced PBMCs or rHBsAg-induced CD3+CD4+ 
cells in non-responders was significantly higher than that 
in the responders (P≦0.05). And there were no significant 
differences in the levels of CD150 in PHA-induced 
PBMCs or PHA-induced CD3+CD4+ cells or CD3+CD4- 
cells between the non-responders and responders. The 
mechanism underlying the altered CD150 expression pat-
terns before and after treatment with PHA or rHBsAg in 
this study was not determined due to the limited size of 
samples collected.  
 
The functional role of CD150 in the development of the 
response to HB vaccination has not yet been evaluated. 
CD150 is constitutively expressed on T cells, a proportion 
of B cells, and rapidly induced on naive T cells after acti-
vation. CD150 can enhance antigen-specific proliferation 
and cytokine production by CD4+ T cells, strongly 
upregulate the production of interferon-γ, and directly 
induce the proliferation of CD4+ T-cell clones and preac-
tivated T cells, even in the absence of any other stimuli, 
and without CD28 involvement [17]. Future investiga-
tions are needed to determine what position CD150 holds 
in the complicated regulation of the immune response, 
and in particular, to the response to vaccination. In the 
future, a more detailed analysis of the CD150 expression 
spectrum on subtypes of PBMCs in a large number of 
patients will be necessary in order to cast light on the 
mechanism of non-response to HB vaccination, and to 
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further elucidate the potential role of CD150 in the im-
mune response.  
 
Conclusion 
 
Our preliminary study on a small number of patients sug-
gests that CD150 may play a role in the response to the 
HB vaccine. However, the results emphasize the need for 
a larger sample population in order to study the associa-
tion between the expression spectrum of CD150 with re-
spect to responders and non-responders, and to elucidate 
the role of CD150 in the immune response. 
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