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Abstract  
urrently, general immunosuppressive drugs are used to maintain tolerance to allografts. However, these 
drugs have a major drawback of rendering the patient susceptible to infections and other side effects 
like malignancy and drug related toxicities with an overall rejection of the organ at some point. Previous 

studies have shown that MHC-Ig dimers may suppress alloresponsive T cells in a donor specific manner in 
vitro. This work aimed to answer the question as to whether these dimers will surmount rejection through the 
direct mechanism of allorecognition by suppressing alloreactive CD8+ T cells. To do this, we first identified two 
mice models with a single mismatch at the MHC loci. We found and procured white albino NOD mice which 
happened to be transgenic for HLA-A2 and HLA-A24 molecules. We then constructed a human-mouse hybrid 
HLA-A2-Ig dimer by overlap-PCR to join parts of two different already cloned plasmids to form the full length 
HLA-A2β2α1α2murineα3 insert which was then cloned to pcDNA3.1 to form pcDNA3.1HLA-
A2β2α1α2murineα3. The IgG2bFc region was added by restriction digestion and ligation to form the plasmid 
pcDNA3.1HLA-A2β2α1α2murineα3IgG2bFc. Sequencing was done and confirmed that the construction and 
cloning were successful. The plasmid pcDNA3.1HLA-A2β2α1α2murineα3IgG2bFc was then transfected by 
electroporation to J558L cells. Screening was done using G418 for 4 weeks in cell culture. We purified the dimer 
by affinity chromatography and then used ELISA to confirm expression of the dimer. The purified dimer was 
then used in 1-way MLC experiments where responder cells were mice cells expressing HLA-A24 molecules 
while stimulator cells were mice cells expressing HLA-A2 molecules. Cell samples were gated on anti-mouse 
CD3-PE/CY7, anti-mouse CD4-PE, and anti-mouse CD8-APC/CY7. Cell proliferation was analysed using 
CFSE. Our results showed that the proliferation of CD4+ T cells was inhibited in the presence of the dimer. This 
work is crucial for subsequent studies aiming to search for induction of donor specific tolerance. 
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Introduction 
Previous studies have shown that suppression of T 
cells is peptide-MHC complexes specific and can 
either be a syngeneic or allogeneic response in an 
indistinguishable manner (Chen et al., 2009; Heath, 
et al., 1991; Kourilsky & Claverie, 1989; X. F. Weng 
et al., 2007; X. Weng et al., 2007, 2009; Zhong et al., 
2009). Further, other studies have shown that the 
vast majority of alloreactive T cells react to 
alloantigens presented by the direct pathway of 
allorecognition (Benichou et al., 1999; Benichou, 
1999; Liu et al., 1993; Marino et al., 2016). This is 
supported by the realization that the frequency of 
cells engaged in the indirect pathway of 
allorecognition is approximately 10-fold lower than 

that of cells engaged in direct recognition. As a 
result, the direct pathway accounts for >90% of 
acute skin graft rejection in a variety of mice models 
(Benichou et al., 1999; Benichou, 1999; Benichou & 
Fedoseyeva, 1996; Marino et al., 2016). In fact, the 
direct pathway has classically been considered the 
major driving force in alloresponses (Womer, et al., 
2000). There is also some evidence that 
allorecognition through the direct pathway may 
actually inhibit allograft rejection at least later in 
the course of rejection, through inhibition of direct 
alloresponses (Frasca et al., 1998; Gould & 
Auchincloss, 1999; Lee et al., 1997).  

We postulated that suppression of donor MHC 
specific alloresponsive T cells could abrogate direct 
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allograft rejection in vivo. In this regard, we first set 
out to determine whether donor derived MHC-Ig 
dimers could suppress donor specific alloreactive T 
cells in vitro. Employing a donor specific blockage 
of the direct response would set a different trend 
from the current means of using general 
immunosuppressive agents by allowing non-
alloreactive T cells to survive and be available for 
other protective roles thereby tremendously 
reducing the disadvantages of non-specific 
immunosuppression in allograft transplantation. In 
this regard, we proposed a novel mechanism for 
suppressing antigen specific alloreactive T cells. 
Our model consisted of transgenic mice; the donor 
mice expressing the HLA-A2 molecules and 
recipient mice expressing the HLA-A24 molecules 
(Fig. 1). To block allograft rejection in a donor 
antigen specific fashion in our proposed model, we 
needed a human-mouse hybrid HLA-A2 dimer that 
is loaded with similar antigens to those of the 
donor. We therefore embarked on constructing, 
cloning, and expression of the dimer as initial 
preparatory steps. To have similar miscellaneous 
antigens to those of the donor attached to the 
dimer, the dimer was expressed in J588L cells. This 
was followed by testing of the ability of the dimer 
to suppress alloreactive CD8+ T cells in vitro using 
mixed lymphocytes culture (MLC) experiments. 
Our results show that CD4+ T cell proliferation was 
inhibited by HLA-A2-Ig dimers. 

Materials and Methods 
Construction, Sequencing, Cloning, and 
Expression of the HLA-A2-Ig Dimer 

The HLA-A2-Ig dimer was constructed from 2 
already constructed different plasmids (one of the 
plasmids contained the HLA-A2-β2α1α2 coding 
region and the other one contained the mouse 
H2Dbα3 coding region) by amplifying the regions 
of interest using PCR and joining them to make the 
HLA-A2-β2α1α2α3 insert by overlap-PCR as 
described previously (G. Pont-Kingdon, 1994; 
Genevieve Pont-Kingdon, 2003). This was then 
ligated to the pcDNA3.1 to form the plasmid 
pcDNA-HLA-A2-β2α1α2H2Dbα3. The IgG2bFc 
region was also amplified by PCR from an already 
existing plasmid and then joined to the pcDNA3.1-
HLA-A2-β2α1α2α3 plasmid by restriction 
digestion and ligation to form the pcDNA3.1-HLA-
A2-β2α1α2α3IgG2bFc plasmid. The constructed 
dimer was validated by sequencing (Invitrogen, 

Shanghai – China). It was then transfected into 
J558L cells by electroporation followed by selecting 
for stable transfected clones for a month using G418 
antibiotic. Thereafter, expression of the dimer was 
done in J558L cells cultured in Rosewell Park 
Memorial Institute (RPMI) 1640 (Gibco – USA) 
supplemented with 10% FBS (Gibco – USA). 

ELISA 

ELISA was done to determine the expression of the 
HLA-A2 dimer after electroporation of J558L cells 
and selecting for stable transfected clones for a 
month using G418 antibiotic. Sandwich ELISA was 
performed using following antibodies in 
accordance with the manufacturer’s instructions: 
Goat anti-mouse IgG (Biolegend – USA) capture 
antibody, Rabbit anti-human β2-microglobulin 
(Biolegend – USA) detection antibody, and goat 
anti-rabbit IgG (Biolegend – USA) secondary 
antibody. 

Processing of the Dimer 

The dimer was harvested from supernatant of 
confluent grown J558L transfected cells. The 
supernatant was concentrated using Polyethylene 
Glycol (PEG) 20000 (BioSharp – USA). It was then 
dialyzed in PBS overnight at 4°C followed by 
sterilization by sieving through a 2μm sieve and 
stored at -20°C until use. 

Mice  

Strain 1 was NOD.129p2 (B6)-B2m<tmlUnc>Tg (HLA-

A/H2-D/B2m) 1Dvsj – These mice are transgenic for 
HLA-A/H2-D/B2M gene and as a result they 
express the HLA-A2.1 molecules. They are 
commonly referred to as NOD.HHD. These mice 
do not express murine MHC class I and therefore 
all the CD8+ T cells are HLA-A2.1 restricted 
(Pascolo et al., 1997; Serreze, Marron, & DiLorenzo, 
2007; Takaki et al., 2006). Compared to the standard 
NOD mice expressing murine MHC class I 
molecules, these mice have a 90% reduction in 
CD8+ T cells (Firat, 2002; Serreze et al., 2007; Takaki 
et al., 2006). Strain 2 was NOD.129p2 (B6)-

B2m<tmlUnc>Tg (HLA-A24/H2-D/B2m) 3Dvs/j– 
These mice are transgenic for HLA-A24/H2-
D/B2M gene and homozygous for the B2mtm1Unc 
mutation. They are commonly referred to as 
NOD.B2mnull. A24/HHD. Both strains were 
obtained from Jackson labs in the US and 
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propagated at the Tongji Medical College animal 
house.  

One-Way Mixed Lymphocytes Culture (MLC) 

Lymphocytes from the spleens of HLA-A24 mice 
were processed and stained with CFSE then used 
as responder cells while those from the spleens of 
HLA-A2 mice were processed and used as 
stimulator cells. The co-culture was done in RPMI 
1640 (Gibco – USA) supplemented with 10% FBS 
(Gibco – USA) at a responder to stimulator ratio of 
10:1 with responder cells being 2.5 x 106 cells per 
well in 24 well plates. The wells were then treated 
with the dimer and non-transfected J588L 
supernatant in sets. Sets of non-treated wells were 
used as negative controls. 

Flow Cytometry 

After co-culture for 6 days, samples were stained 
using PE/CY7 conjugated anti-mouse CD3 (E 
Bioscience – USA), PE conjugated anti-mouse CD4 
(E Bioscience – USA), and APC/CY7 conjugated 
anti-mouse CD8 (Biolegend - USA) antibodies. 
Flow cytometry was performed for analysis. 
Statistical analysis was done using the student’s t 
test. A p value of 0.05 or less was considered 
significant. 

Results 
HLA-A2-Ig Dimer Construction, Cloning, 
And Expression 

The dimer was constructed by recombinant DNA 
technology followed by overlap-PCR and cloned 
into pcDNA3.1 plasmid. Results were analysed 
using gel electrophoresis (Fig. 2) and DNA 
sequencing (Invitrogen, Shanghai, China) (Table 1). 
The resultant clone was then transfected to J588L 
cells by electroporation and the expressed dimer 
analysed by ELISA. Fig. 3 shows that there was 
almost nothing detected for the negative control 
(next to last bar on the far right designated J588L). 
This was the same for phosphate buffered saline 
(PBS), cell culture media (RPMI 1640), and blank 
controls. All the samples with transfected plasmid 
clone (here designated S1 to S5) show high levels of 
the dimer proteins (Fig. 3). Taken together, these 
results show that our HLA-A2-Ig dimer was 
successfully constructed, cloned, and expressed. 

 

Figure 1. Single locus mismatched allo-transplant model 
(Jackson lab, NH, USA). A human-mouse hybrid HLA-
A2 dimer was constructed in order to block allograft 
rejection in a donor antigen specific fashion in this model 

 

 

Figure 2. Gel electrophoreses of PCR products during 
the construction of the pcDNA3.1-HLA-
A2β2α1α2murineα3-Fc dimer 

  
(a) Amplification of the HLA-A2β2α1α2 region and 
the murineα3 region gave a 1kb and 0.25kb 
fragment respectively. (b) Joining of the HLA-
A2β2α1α2 fragment and the murineα3 fragment by 
overlap PCR gave a 1.25 fragment which is the 
HLA-A2β2α1α2murineα3 region. (c) Digestion of 
the HLA-A2β2α1α2murineα3 and the pcDNA3.1 
plasmid with HindIII and EcoRV to create cohesive 
ends before forming the pcDNA3.1-HLA-
A2β2α1α2murineα3 by ligation. (d) Checking by 
digesting with HindIII and EcoRV restriction 
enzymes showed that the ligation and 
transformation to DH5α competent cells was 
successful. (e) Checking by PCR showed the HLA-
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A2β2α1α2murineα3 was correct at 1.25kb. (f) 
Amplification of the Fc fragment using FcRRR and 
FcXbaIRR enzymes which contained the EcoRV 
and XbaI restriction enzyme sites (see Table 1) gave 
a 0.75 kb fragment. (g) Restriction digesting with 
EcoRV and XbaI enzymes to create cohesive ends. 
This was followed by ligation to form the 
pcDNA3.1-HLA-A2β2α1α2murineα3-Fc plasmid 
which was then transformed to DH5α competent 
cells. (h) Digestion of the pcDNA3.1-HLA-
A2β2α1α2murineα3-Fc plasmid with HindIII and 
XbaI enzymes gave a 2kb fragment which 
represented the HLA-A2β2α1α2murineα3-Fc 
region. This confirmed that the ligation and 
transformation procedures were successful. 

Table 1. The sequence of the constructed HLA-A2-

β2α1α2-mouseα3IgG2bFc region. Sequencing was done 

by the Invitrogen Company in Shanghai, China. The 

correct sequence confirmed that all procedures were 

successfully carried out 

 

 

 

 

Figure 3. ELISA results of the dimer expression by J558L 
cells. S1 to S5 are supernatant samples from different 
clones of the transfected J558L cells while J558L 
represents the supernatant sample from non-transfected 
J558L cells.  

Inhibition of CD4+ T Cell Proliferation 

Lymphocytes from the spleens of HLA-A24 mice 
were processed and stained with CFSE then used 
as responder cells while those from the spleens of 
HLA-A2 mice were processed and used as 
stimulator cells. After co-culture for 6 days, 
samples were stained using anti-mouse CD3 
(PE/CY7 conjugated), anti-mouse CD4 (PE 
conjugated), and anti-mouse CD8 (APC/CY7 
conjugated) antibodies. Only cells containing CD3 
and CD4 molecules were observed while those 
containing CD3 and CD8 were not detectable. 
Proliferation magnitude was determined using the 
proliferation index (PI) (Saverino et al., 2002). As 
shown in figure 4, the PI for dimer treated samples 
was statistically significantly lower than control 
samples with a p value of 0.00158 (Fig. 4). Taken 
together, these results show that the dimer 
inhibited the proliferation of CD4+ T cells. 
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Figure 4. Proliferation of CD4+ T cells  
The proliferation of CD4+ T cells was inhibited in dimer 
treated samples (p = 0.00158) compared to control 
samples. At the same time, the proliferation of CD4+ T 
cells was not statistically significant for non-transfected 
J588L cell supernatant (p = 0.09585) compared to control 
samples. (a) Control (media only). (b) non-transfected 
J558L supernatant. (c) HLA-A2IgG2bFc dimer. (d) 
graphical representation of the proliferation indices. 

Discussion 
Currently, organ transplantation offers hope to end 
stage failed organs and tissues. Although the art of 
surgical transfer of the organs from one organism 
to another has been mastered, the immune system 
poses the biggest risk to the resultant transplant. To 
counter the effects of the immune system to the 
transplanted organs, general immunosuppressive 
drugs are normally used. However, this poses the 
threat of lowering the overall ability of the immune 
system to protect the individual and therefore 
results in susceptibility to infections and non-
infectious diseases like cancer. It is therefore 
imperative to come up with strategies that can 
either reduce our reliance on immunosuppressive 
drugs or remove the need to use them altogether.  

Previous studies have shown that HLA-A2-Ig 
dimers can inhibit alloreactive T cell responses in 
vitro (X. Weng et al., 2007; Zhong et al., 2009). In 
this regard, we developed a strategy for 
suppressing alloreactive T cells in vitro that would 
mimic the reality of the situation in a 
transplantation environment. We used transgenic 
mice expressing HLA-A2 and HLA-A24 molecules 
on their cell surface (Fig. 1). These were therefore 

single locus mismatched which closely mimic 
transplantation environments with the difference 
of having just one mismatch instead of several 
more even in the cases of closely matching the 
organ and the recipient in the real situation. The 
single locus polymorphism here would still allow 
for activation of alloreactive T cells.  

We constructed a HLA-A2-Ig dimer which would 
then interact with the responder cells. To ensure 
that we had the correct dimer molecule, a series of 
methods for construction and validation were used 
(Fig. 2, Table 1, and Fig. 3) which all confirmed it 
was right. This was then applied in the single 
mismatch transplantation model where the 
responder cells represented the recipient while the 
stimulators cells represented the donor. Our results 
showed that the HLA-A2 dimer significantly 
reduced the proliferation of the responder T cells 
containing CD4 molecules (Fig. 4). We expected to 
see a reduction in CD8+ T cells but this did not 
occur. One possible explanation for the 
phenomenon we observed could be through 
trogocytosis. It has been shown that cell membrane 
molecules could be transferred to other cells by a 
process of trogocytosis (Chung et al., 2014; Dopfer, 
Minguet, & Schamel, 2011; Gilmartin & Petri Jr, 
2017; Matlung et al., 2018; Miyake et al., 2017; Perry 
& Ravichandran, 2017). Other cells could have 
acquired TCRs or CD4 molecules by the process of 
trogocytosis which were (other cells) then able to 
interact with the HLA-A2-Ig dimer molecules 
leading to the observation made. It has been shown 
that the direct pathway accounts for >90% of acute 
skin graft rejection in a variety of mice models (G 
Benichou et al., 1999; Gilles Benichou, 1999; Gilles 
Benichou & Fedoseyeva, 1996). Cells involved in 
this model are CD8+ T cells. The indirect 
mechanism of antigen presentation is done mainly 
through the CD4+ T cells. Suppressing both CD4+ 
and CD8+ T cells would be more appealing. 
Therefore, the ability to suppress CD4+ T cells is 
encouraging since these cell types are the biggest 
players in transplantation rejection through the 
chronic mechanism made possible by the indirect 
presentation of antigens to T cells. These results are 
therefore crucial for future studies that aim to 
develop strategies for donor specific tolerance 
induction. However, more studies are needed to 
elucidate the mechanism by which CD4+ T cell 
proliferation was down-regulated. 
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