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Major histocompatibility complex class II (MHC II) plays an important role not only in the 
adaptive immune responses to foreign pathogens, but also in the development of some auto-
immune diseases. Non-classical MHC, HLA-DM is directly involved in MHC II loading with 
the peptide. To study this process, we obtained recombinant proteins HLA-DR1 and HLA-
DM. α/β-Chains of DR1 heterodimer contained C-terminal leucine domains of the fos and jun 
factors, respectively. Each DM chain contained constant fragment of human antibody heavy 
chain fused via a long linker domain. In addition, DM α-chain carried N165D substitution 
suppressing potential glycosylation at this site. We observed significant acceleration of influ-
enza hemagglutinin peptide HA306-318 loading to DR1 in the presence of DM, which indicates 
functionality of recombinant DR1–DM protein couple. Our results can be used to study the 
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Major histocompatibility complex class II (MHC II), 
a heterodimeric transmembrane glycoprotein with a 
molecular weight of 50 kDa, plays a central role in the 
adaptive immune response to foreign pathogens. It is 
expressed by “professional” antigen-presenting cells 
such as dendritic cells, macrophages, and B cells. Af-
ter loading, the MHC–peptide complex is transported 
to the cell surface, where it interacts with T-cell recep-
tors on the surface of CD4+ T cells. Newly synthesized 
α-and β-subunits of MHC II are translocated into the 
endoplasmic reticulum, where they bind to the trimeric 
chaperone protein, MHC II-associated invariant chain 
[2]. In the absence of peptide, MHC II aggregates [4], 
i.e. invariant chain initially protects the hydrophobic 
peptide binding site [8]. Then the complex enters the 
endosomal compartment [10]. The invariant chain out-
side the sites involved in trimer formation and MHC 
II association is unstructured; it is highly susceptible 
to proteolysis [7] and can be rapidly degraded by 
endosomal proteases, e.g. cathepsins [6]. The larger 
fragment of the invariant chain is eliminated, except 
a short CLIP peptide that remain bound in the peptide-
binding groove of MHC II [7,5].

The peptides assigned for loading on MHC II 
are formed from host or foreign proteins entering the 
endosome via pinocytosis, receptor-mediated endo-
cytosis, or autophagy. Irrespective of the origin of 
the target peptide, CLIP peptide should be removed 
from MHC II before loading. This process is provided 
by HLA-DM (DM), non-classical MHC II. The term 
“non-classical” means the absence of polymorphism 
and inability to bind peptides in contrast to classical 
human MHC II: HLA-DR, HLA-DP and HLA-DQ. 
DM has catalytic activity that promotes both peptide 
binding and release [11,14], i.e. acts as an enzyme-like 
catalyst [12,13]. DM is needed for efficient peptide-
loading; in the absence of DM, many MHC II on the 
cell surface carry CLIP instead of antigenic determi-
nants [3]. It should be noted that despite extensive 
studies, the mechanism of DM action remains unclear.

Our aim was creation of genetic constructs and ex-
pression of functional protein pair HLA-DR1 and HLA-
DM in preparative amounts for more detailed study of 
DM-dependent presentation of autoantigens on MHC II.

MATERIALS AND METHODS

In our laboratory, we have previously obtained ge-
netic constructs pMT-V5/His_Fos and pRmHa_Jun 

enco ding leucine motifs of fos transcription factor 
in case of α-chain and jun factor in case of β-chain 
to enhance expression and improve stability of the 
resulting DR-complex for expression in insect cells. 
The variable and constant domains of both HLA-DR1 
chains were amplified by PCR using genomic DNA 
of human HeLa cell line as the template. The result-
ing PCR products were ligated into pMT-V5/His_Fos 
and pRmHa_Jun constructs at KpnI/AgeI and BamHI/
SalI restriction sites for α- and β-chain, respectively. 
For proteins expression in suspension human cell 
culture HEK, genetic constructs pFUSE_Fc and 
pFUSE_lhFc encoding constant fragments of human 
immunoglobulin heavy chain (Fc) with standard 
and extended linker (hinge) domain, respectively, 
were also previously obtained in our laboratory. The 
variable and constant domains of HLA-DM α- and 
β-chains were amplified by PCR using genomic DNA 
of human HeLa cell line as the template. The result-
ing PCR products were ligated into pFUSE_Fc and 
pFUSE_lhFc genetic constructs at EcoRI and NcoI 
restriction sites. Based on pFUSE_DMα_Fc, pFUSE_
DMβ_Fc, pFUSE_DMα_lhFc and pFUSE_DMβ_lhFc 
and using overlapping PCR technique, we created 
genetic constructs with point substitutions N165D 
for α-chain and N192D for β-chain that are believed 
to be potential glycosylation sites.

Drosophila melanogaster S2 cells were trans-
fected by lipofection technique with pMT-V5/His_
DRa_Fos and pRmHa_DRb_Jun plasmids as well as a 
plasmid encoding blasticidin-resistance gene followed 
by blasticidin selection of stable culture. HLA-DR1 
expression in the resulting cell line was performed in 
serum-free medium Sf9, containing 1 mM Cu2+ over 9 
days. The resultant culture medium was 10-fold con-
centrated, dialyzed against PBS, applied onto an affi-
nity resin (L243 monoclonal antibodies to HLA-DR 
complex immobilized on CNBr-activated sepharose), 
and eluted with 50 mM glycine buffer (pH 11.5); the 
collected fractions were neutralized with 1 M tris-HCl 
(pH 8.0).

Suspension HEK293F cells were transfected with 
pFUSE_DMα_N165D_lhFc and pFUSE_DMβ_lhFc 
plasmids using lipofection technique. HLA-DM expres-
sion was performed in serum-free FreeStyle medium 
over 9 days. The resultant culture medium was loaded 
onto Protein G and eluted with 50 mM glycine buffer 
(pH 2.5); collected fractions were neutralized with 1 M 
tris-HCl (pH 8.0).

presentation of other viral and self-antigens and can become the basis for the development 
of new drug modeling.
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Fig. 1. Analyzed combination of HLA-DM chains (a), Western blot of transient transfection of DM α/β-chains combinations (b), ELISA 
expression of DM α/β-chains combinations in medium (c) and DM3 with standard and extended hinge (d). Immobilized antibodies are 
monoclonal antibodies to human antibodies, secondary antibodies are horseradish peroxidase conjugated monoclonal antibodies to human 
Fc-fragment. IP: immunoprecipitation. 

Fig. 2. SDS-PAGE of purified 
HLA-DM (a), SDS-PAGE and 
Western blotting of purif ied 
HLA-DR1 (b), ELISA of load-
ing reactions of HA306-318 peptide 
(PKYVKQNTLKLAT; 1.5 µM) 
onto HLA-DR1 (0.3 µM) with 
and without HLA-DM (0.3 µM) 
(c), kinetics of HA peptide load-
ing reaction on HLA-DR1 over 
5 h with and without HLA-DM 
(d). Immobilized antibodies are 
specific monoclonal antibodies 
L243 to HLA-DR complex, visu-
alization: streptavidin conjugated 
with horseradish peroxidase. Ar-
rows show bands corresponding 
to α- and β-chains.

FT — flowthrough.
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ELISA and Western immunoblotting were per-
formed by standard protocols. For immunoblotting, im-
munoprecipitation with monoclonal antibodies to the 
FLAG-epitope immobilized to agarose was carried out.

RESULTS

Despite large body of evidence about presentation 
of exogenous and endogenous antigens by MHC II, 
the mechanism of this process is poorly understood. 
Elucidation of the process of activation of antigen 
presentation is very important for understanding of 
the mechanisms of autoimmune processes and de-
struction of cells damaged by an external pathogen. 
In autoimmune pathologies, a number of autoantigen 
peptides and the corresponding MHC II were iden-
tified, for example, myelin basic protein MBP85-99 
– HLA-DR2b (DRA, DRB1 1501 allele) complex 
in multiple sclerosis [15], and collagen II peptide 
CII263-270 – HLA-DR1 (DRA, DRB1 0101 allele) and 
HLA-DR4 (DRA, DRB1 0401 allele) complexes in 
rheumatoid arthritis [9].

In this study, we choose HLA-DR1 allele as the 
most common in adaptive immunity and the least stud-
ied in autoimmune pathologies. The first task was the 
expression and purification of HLA-DR1 and HLA-
DM proteins and then we tested the hypothesis of ac-
celeration of loading of the chosen HLA-DR allele by 
HLA-DM. To test this hypothesis and to confirm func-
tional expression of HLA-DR1 and HLA-DM couple, 
we chose classical influenza virus hemagglutinin pep-
tide HA306-318 [1].

To solve the first task, we fused HLA-DR and 
HLA-DM with a fragment of human immunoglobulin 
constant heavy chain (Fc). This modification improves 
complex stability due to dimerization of Fc, enhances 
expression, and ensures effective one-step affinity iso-
lation on Protein G. However, in case of HLA-DR, this 
expression and isolation system was less effective than 
one with constructs containing fos and jun produced 
by expression in Drosophila melanogaster S2 cells.

In case of HLA-DM, there was a possibility of 
protein glycosylation in HEK cells; therefore, we de-
cided to introduce two substitutions in potential gly-
cosylation sites N165D on the α-chain and N92D on 
β-chain [1] and create four combinations: DM1, DM2, 
DM3, and DM4 (Fig. 1, a). Transient transfection with 
the obtained genetic constructs was performed to iden-
tify the optimal DM combination. The highest expres-
sion level was obtained for DM3 that consisted of 
DMα N165D and wild type DMβ (Fig. 1, b, c) This 
variant was chosen for further studies. At the next 
stage, we performed transient transfection of the cho-
sen DM3 with standard and extended hinge. According 
to ELISA data (Fig. 1, d), the effect of extended hinge 

that presumably improves DM complex folding 4-fold 
exceeded the effect of standard hinge.

Finally, DMα N165D lhFc and DMβ lhFc were 
selected for HLA-DM. The yield of HLA-DM was 
24 mg from 1 liter medium, purity ≥98% (Fig. 2, a). 
HLA-DR with fos and jun was obtained by expres-
sion in Drosophila melanogaster S2 cells; the yield 
was 2 mg from 1 liter medium, purity ≥95% (Fig. 2, 
b). At the last stage we analyzed activation of viral 
peptide presentation by HLA-DM complex. Loading 
of HA peptide onto HLA-DR1 after 1 h incubation 
was detected only in the presence of HLA-DM in the 
reaction mixture (Fig. 2, c). Detailed analysis showed 
that HLA-DR 10-fold accelerated the loading process in 
comparison with the non-catalyzed reaction (Fig. 2, d).

It is known that apart from classical protective 
functions MHC II is involved in the development of 
autoimmune diseases such as diabetes type 1, rheu-
matoid arthritis, and multiple sclerosis. Autoimmune 
pathologies attract much interest from the viewpoint 
of modern experimental molecular immunology, be-
cause the mechanisms underlying the development 
of these diseases are not yet completely understood. 
Our experiments showed that HLA-DM assists pre-
sentation of the viral peptide by HLA-DR complex. 
The designed genetic constructs and chosen conditions 
for the expression of complex components in insect 
and mammalian cells will be useful for studying the 
mechanism of autoantigen fragments presentation by 
MHC II HLA-DR2b in multiple sclerosis.

The study was supported by Ministry of Educa-
tion and Science of the Russian Federation (RFME-
FI61314X0008).
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