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SUMMARY 
To investigate the genetic influences underlying the 
development of sarcoidosis, HLA class II genotyping 
was performed in Japanese patients with sarcoidosis 
and healthy controls using the PCR-RFLP method. 
The frequencies of both DR52 group antigen-asso
ciated alleles (HLA-DRBl*l1, -DRBl*12 and 
-DRBl*14) and DRBl*08 alleles were higher in the 
patient group, suggesting that the common, specific 
amino acid residue on the DRBI molecule of these 
alleles may determine susceptibility to sarcoidosis. 
Alternatively, it is possible that another susceptibility 
gene, linked to these DRBI alleles, exists within the 
MHC region. We screened the TNFA, TNFB, HSP70- 1 
and Hum70t genes around the class III region, as well 
as the HLA-DMA and -DMB genes in the class II 
region, for genetic polymorphism in sarcoidosis. None 
of these genes suggested a susceptibility to sarcoidosis. 
These studies support the thesis that one of the major 
genetic factors controlling the development of sarcoi
dosis is located within the DRBllocus in the HLA class 
II region. 

Sarcoidosis is a multisystemic granulomatous disor
der characterised by an accumulation of activated 
CD4+ T cells and alveolar macrophages, which have 
been known to play an important role in the 
pathogenesis of granuloma formation.1 Although 
the aetiology of the disease remains unclear, 
infectious and environmental factors based on 
immunogenetic factors have been postulated. One 
of the genetic factors of the disease has been 
determined through analysis of major histocompat
ibility complex (MHC) genes, especially human 
leucocyte antigens (HLA). 

The MHC region, where the genetic loci control
ling susceptibility to many diseases have been 
mapped, is located on the short arm of chromosome 
6? The human MHC is a human HLA complex with 
a high level genetic polymorphism which regulates 
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immune response through a self/non-self discrimina
tion mechanism. Recent advances in polymerase 
chain reaction (PCR)-based DNA typing techniques 
have made it possible to detect HLA allelic 
polymorphisms at the molecular level. Certain 
HLA genes have been found to be related to the 
risk of developing certain diseases. The purpose of 
the present study is to characterise the immuno
genetic mechanisms in the pathogenesis of the 
development of sarcoidosis from the viewpoint of 
the role of HLA and non-HLA genes. 

HLA ASSOCIATION WITH SARCOIDOSIS 
Sarcoidosis has been shown to be associated with 
HLA-B8-DR3,3,4 -DRS5 and -DR66 haplotypes in 
Caucasians. In Japanese, the association between 
HLA-DRS2 and sarcoidosis has been confirmed 
several times.7.8 These previous studies were per
formed by conventional serological typing using the 
lymphocytotoxicity method. To determine the asso
ciation between HLA class II alleles and sarcoidosis, 
we performed PCR-based genotyping for HLA
DRB1, -DRB3, -DOA1, -DOB1 and -DPB1 alleles 
in Japanese patients with histopathologically con
firmed sarcoidosis. 

The HLA region can be subdivided into the class I 
and class II gene region. HLA-DP, -DO and -DR 
gene subregions have been identified in the class II 
region from the centromere to the telomere. HLA
DNA, HLA-DM, LMP, TAP and HLA-DOB genes 
have also been located between the DP and 
subregions (Fig. 1). The class II antigens, HLA
DR, -DO and -DP antigens, are encoded by two 
genes, one encoding the 0' chain (A) and the other 
the !3 chain (B). HLA-DR is polymorphic only for 
the !3 chain which is encoded by the DRB1 gene, 
whereas HLA-DO is polymorphic for both the 0' 

chain (encoded by the DOA 1 gene) chain and the !3 
chain (encoded by the DOB1 gene). Different HLA
DR haplotypes have different numbers and composi
tions of HLA-DR genes.9 The HLA-DR region 
includes the common DRA and DRB1, and may 
have some or no DRB2, DRB3, DRB4, DBRS, 
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Fig. 1. Map of the MHC region. 

DRB6, DRB7, DRB8 or DRB9 genes, depending on 
the DR haplotype (Fig. 2). Of these, DRBl, DRB3, 
DRB4 and DRB5 are polymorphic and the rest are 
pseudogenes. The DRB3 gene encodes the DR52 13 
chain to specify the DR52 group. The DR3 (R17 and 
DR18), DR5 (DR11 and DR12) and DR6 (DR13 
and DR14) antigens are in complete correlation with 
the genetic composition of DR52. The DR52 group 
haplotypes (DR3, DR5 and DR6) include the DRA, 
DRB1 and DRB3 genes as well as two pseudogenes. 
The DRB1 gene is highly polymorphic and deter
mines the DR3, DR5 and DR6 specificities. 
Although when serological typing was the only 
available method it was thought that DR8 also 
correlated with DR52, the DR8 group haplotype 
includes DRA and DRB1 genes, which determine 
DR8 specificity, but does not possess the DRB3 
gene. On the other hand, the DR4, DR7 and DR9 
antigens correlate completely with DR53. The DR53 
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Fig. 2. Gene structure of HLA-DR region with the 
hap 10 types of the DR52, DR8 and DR53 group antigens. 
Black bars, expressed gene; stippled bars, pseudogene. 

group haplotypes (DR4, DR7 and DR9) include the 
DRA, DRB1 and DRB4 genes in addition to three 
pseudogenes. The DRBI gene determines DR4. 
DR7 and DR9 specificities, while the DRB gene 
encodes the DR53 13 chain to specify the DR53 
group. 

HLA class II (HLA-DRBl, -DRB3, -DQAl, 
-DQB1 and -DPB1) genotyping was performed by 
the PCR-restriction fragment length polymorphism 
(RFLP) method.1O,1 1  Genomic DNA from 63 
patients with sarcoidosis and 110 healthy controls 
was first extracted and purified from peripheral 
blood cells by the proteinase K-phenol extraction 
method.1 2  The genomic DNA was then amplified by 
the PCR procedure, and the PCR product was 
digested with allele-specific restriction endonucleases 
as previously described.l3 

HLA-DRB1 genotyping showed that the frequen
cies of HLA-DRB1 *11 (DRB1 *1101-1105), -*12 
(DRB1 *1201 and 1202), -*14 (DRB1 *1401-1410) 
and -*08 (DRB1 *0801-0805) were significantly 
higher in the patients than in the healthy controls.ll 
These results are consistent with the increased 
frequencies of HLA-DR5 (DR11 and DR12), -DR6 
(DR13 and DR14) and -DR8 antigens in patients 
with sarcoidosis revealed by serological typing.lO 

Among the antigens, the frequency of DRB1 *1302 
(DRB1 *13) was lower in the patients than in the 
healthy controls. Among DR52 group antigens 
HLA-DR3 is very rare in Japanese, although very 
common in Caucasians. HLA-DRB3 genotyping 
showed that the frequency of DRB3*0101 was 
significantly higher in the patient group than in the 
control group. However, this may represent a linkage 
disequilibrium with DR5- and DR6-associated 
DRBl alleles.11·14 On the basis of these genotyping 
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results, the DRBI gene of HLA-DR5, -DR6 and 
-DRS antigens may be primarily responsible for 
susceptibility to sarcoidosis. Since the frequency of 
DRBI *OS (DRS), which does not contain the DRB3 
gene,9 was significantly higher in the patients, the 
DRB3 gene cannot be the susceptibility gene to 
sarcoidosis. In HLA-DQAl and -DQBl genotyping, 
a strong association of DQAl *0501 and DQBl *0301 
with sarcoidosis was observed which can be 
explained by linkage disequilibrium with DR5-
associated alleles.l1 The frequency of the 
DRBI *0101-DQBl *0501 -DPBl *0402 haplotype, 
common among Japanese, was significantly lower in 
the patients compared with the healthy controls.JO·11 

These results taken together show that HLA alleles 
responsible for susceptibility to sarcoidosis may be 
located in the DRBI locus, rather than the DRB3. 
DQAl, DQBl or DPBl locus. 

To consider the pathogenesis of the development 
of sarcoidosis at molecular level, amino acid 
sequences of DRBI alleles were compared with 
each other. Amino acid residues at positions 10 to 12 
were found to be common only in HLA-DR3, -DRS, 
-DR6 and -DRS associated DRBI alleles.1 s Recent 
studies of HLA_DRI16.17 and _DR31H molecules by 
X-ray crystallography enabled us to find several 
'pockets' in the HLA groove, to which amino acids of 
an antigenic peptide directly bind. Among these 
amino acid residues, position 11 is known to 
constitute a part of pocket 6 in the HLA groove1 7·1H 

and to be the position for directly binding to the 
amino acid of an antigenic peptide.19 Therefore, 
serine at position 11 in the DRBI molecule of HLA
DR3, -DRS, -DR6 and -DRS (called the DR3, 5, 6, S 
group antigens) may be responsible for the patho
genesis of sarcoidosis.1 O·1 1.1 4 Despite the presence of 
Ser-ll, DRBI *1302 was the only allele of the DR3, 
5, 6, 8 group antigens to appear at a lower frequency 
in the patients than in the healthy controls. It has 
been postulated that the amino acid residue (gluta
mic acid) at position 71, which is unique to 
DRBI *1302, affects the binding of helper T cell 
receptor.19  Glutamic acid at position 71 may play a 
protective role against the development of sarcoido
sis.1 1  This hypothesis explains why HLA-DR3 is 
found to be associated with sarcoidosis in Caucasian 
populations?,4 

Our results on HLA class II genotyping suggest 
that the HLA-DRBI gene of the DR3, 5, 6, S group 
antigens can be assumed to be the most probable 
candidate for determining genetic susceptibility to 
sarcoidosis. The question then is why individuals 
without DR3, 5, 6, S group antigens also develop the 
disease. It is interesting that all the patients who did 
not have DR3, 5, 6, S group antigens had HLA
DR53 antigen.lO HLA-DRB4 genotyping is being 
conducted in such patients with sarcoidosis to 
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investigate the involvement of the DRB4 gene 
which encodes the DR53 13 chain to specify the 
DR53 group antigens (DR4, DR7 and DR9).9 In fact 
there is a molecular basis for some of the clinical 
heterogeneity observed in sarcoidosis patients with 
and without the DR3, 5. 6, S group antigens.1 4 

THE TUMOUR NECROSIS FACTOR (TNF) 
GENE IN SARCOIDOSIS 

Another possible explanation for the association 
between the HLA-DR3, 5, 6, S group antigens and 
sarcoidosis is that these antigens are a genetic 
marker. and that the primary or additional suscep
tibility gene to sarcoidosis exists within or in a 
linkage with the HLA region. Between the class I 
and class II region of the HLA is a region carrying 
non-HLA genes, including those encoding the 
complements. the adrenal enzyme steroid 21-hydro
xylase, tumour necrosis factor (TNF)-Q' and TNF-13 
and three members of the heat shock protein 
(HSP)70 family (Fig. 1). Some of these may also 
play an important role in the immune response. The 
genes for TNF-Q' and TNF-13 are in the class III 
region, 250 kilobases (kb) centromeric to the HLA-B 
locus.2o 

TNF-Q' and -13 are cytokines, potent immuno
modulators21 which play an important role in the 
association between HLA autoimmune diseases.22�24 
The level of TNF-Q' protein production is known to 
be higher in the bronchoalveolar lymphoid fluid of 
patients with sarcoidosis than in healthy indi
viduals,zs TNF-Q' is produced by macrophages,26 
and promotes granuloma formation. Variations in 
TNF-Q' production rates between individuals have 
been demonstrated to correlate with some HLA-DR 
haplotypes in Caucasians27.28 and with polymorphic 
sequences closely linked to the TNFB locus: namely, 
the Ncol diallelic RFLP in the first intron of the 
TNFB gene (TNFB*),z9 First, we analysed TNFB 
diallelic polymorphism in 75 patients with sarcoidosis 
and 75 healthy controls. using the PCR-RFLP 
method?O Polymorphism at position 252 in the first 
intron results in an amino acid substitution at amino 
acid position 26,z9 To detect an Ncol diallelic RFLP 
of the TNFB gene (TNFB*l and TNFB*2), the 36S 
base pair (bp) fragment in the first intron was 
amplified by the PCR procedure. TNFB*1 has an 
Ncol restriction site (235 pb and 133 bp cleaved 
fragments), whereas TNFB*2 does not. The allele 
frequency of TNFB*1 was significantly increased in 
the patients with sarcoidosis as compared with the 
healthy controls?O However, the increased frequency 
of TNFB*1 may be explained by linkage disequili
brium with HLA-DR5, -DR6 and -DRS linked HLA
B alleles, which are known to be linked strongly with 
TNFB alleles.31 
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Fig. 3. Polymorphisms in the 5'-flanking region of the TNFA and HSP70-1 genes. G-A substitution at position 
-308 and G-A substitution at position -238 were identified in the TNFA gene, and A-C substitution at position -110 
was identified in the HSP70-1 gene. 

The 5' -flanking (promoter-enhancer) region of the 
TNF A gene is involved in transcriptional regulation 
of TNF A expression?2 Recently, diallelic poly
morphisms have been identified in the promoter
enhancer region of the TNF A gene (TNF A *): 
namely, A-G substitution at position -30833 and 
G-A substitution at position _23834 (Fig. 3). We 
analysed these two polymorphic sites of the TNF A 
gene in 67 patients with sarcoidosis and 64 healthy 
controls using the PCR-RFLP method. 

The TNF A region incorporating these two 
polymorphic sites was amplified by the PCR 
method using the following primers: 5' -AGGCAA
TAGGTTTTGAG GGCCAT-3' and 5'-ACACT
CCCCATCCTCCCGGCT-3,?5 The diallelic poly
morphism at position -308 was detected by Neol 
digestion of the amplified 117 bp product. TNF A-
308* A yielded two fragments of 97 bp and 20 bp, 
whereas TNFA-308*G had no Neol site. TNFA-
238 alleles were detected by NlalV digestion of the 

Table I. Phenotype frequencies of the TNF A gene in the 
patients with sarcoidosis and the healthy controls 

Patients Controls 
TNFA allele (n = 67) (n = 64) 

TNFA-308*A 67 (100%) 64 (100%) 
TNFA-308*G 2 (2.9%) 2 (3.1°ti,) 

TNFA-238*G 67 (100%) 64 (100%) 
TNFA-238*A 0 0 

PCR-amplified 11 7 bp product. TNFA-238*A 
showed two fragments of 70 bp and 47 bp, while 
TNFA-238*G had three fragments of 50 bp, 47 bp 
and 20 bp. 

As shown in Table I, our analysis of genetic 
polymorphism in the TNFA gene of healthy Japa
nese controls and those with sarcoidosis indicated a 
rather low degree of polymorphism in this gene. 
There were no differences observed in the pheno
type frequency of these TNF A alleles between the 
patients and the healthy controls. 

It has been reported that TNFB*1 homozygous 
individuals show an elevated level of TNF-a produc
tion relative to TNFB*2 homozygous individuals 
upon phytohaemagglutinin stimulation of peripheral 
blood mononuclear cells?9 Although some degree of 
association has been observed between the TNFB*l 
allele and sarcoidosis, this may be attributed to 
linkage disequilibrium between TNFB and HLA 
genes. Furthermore, Jacob et al.27 demonstrated that 
HLA-DR3 and -DR4 positive subjects produced 
high levels of TNF-a , while Wilson et al.28 reported 
that A at position -308 (TNFA- 308*A) was strongly 
associated with the HLA-DR3 haplotype. We 
suggest that TNFA-308*A allele may be a high 
TNF-a producer. 

On the other hand, TNF A-238* A allele has been 
reported to be associated with HLA-DR17 (a 
SUbtype of DR3) and -DR7 haplotypes?4 Taken 
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together, TNFB*l, TNFA-308*A and TNFA-238*A 
alleles may be high producers of TNF-a and 
associated with HLA-DR3 haplotypes. Since HLA
DR3 is one of the major antigens in Caucasians and 
closely associated with Caucasian patients with 
sarcoidosis?.4 it is possible that the TNF A or 
TNFB gene is the susceptibility gene to the devel
opment of sarcoidosis in Caucasians. However, in 
Japanese, DR3 is a very rare antigen and no TNFA 
or TNFB allele could reflect the production of TNF
<X in sarcoidosis. With regard to the high level of 
TNF-a production in patients with sarcoidosis, there 
is a possibility that other regulatory mechanisms such 
as post-transcriptional regulation may play a role in 
the pathogenesis of sarcoidosis. Alternatively, there 
could be disease-specific regulation of TNF A or 
TNFB gene expression different from the one for 
healthy individuals. 

HEAT SHOCK PROTEIN (HSP) 70 GENES IN 
SARCOIDOSIS 

The 70 kDa heat shock proteins (HSP70) are known 
to be major antigens in many bacterial and parasitic 
infections and to be involved in antigen processing 
and presentation?6 The high degree of sequence 
homology between endogenous HSPs and bacterial 
HSPs may cause antibodies or T cells directed 
against the bacterial HSPs also to attack their own 
HSPs, leading to autoimmune diseases. Three genes 
encoding members of the HSP70 family are also 
located in the class III region of HLA, between the 
complement and TNF genes, 92 kb telomeric of the 
C2 gene?7 They are named HSP70-1, HSP70-2 and 
Hum70t (HSP70-Hom)?8 The HSP70-1 and HSP70-
2 genes are expressed at high levels after thermal 
shock. The Hum70t gene, located 4 kb telomeric of 
the HSP70-1 gene, is expressed specifically in 
spermatids. The existence of anti-HSP70 antibodies 
in the peripheral blood of patients with sarcoidosis 
(M. Asano et ai., unpublished data) suggests that 
HSP70 may control the predisposition to sarcoidosis. 

Recently, limited polymorphisms in these three 
(HSP70-1, HSP70-2 and Hum70t) genes have been 
identified and characterised.39 In the HSP70-1 gene, 
three polymorphic sites were found in the 5'-
flanking, 5' untranslated (S'UT) regions and in the 
coding sequence. In the Hum70t gene, two poly
morphic sites were identified in the coding sequence. 
To investigate the possibility that the HSP70 genes 
may play a role in the pathogenesis of sarcoidosis, we 
analysed genetic polymorphisms in the 5'-flanking 
region (designated as HSP70-1 *a) and the 5' UT 
(designated as HSP70-1 *b) of the HSP70-1 gene and 
the coding region of the Hum70t gene (designated as 
Hum70t*b) in both the patients with sarcoidosis and 
the healthy controls. 
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In our previous report, we investigated the 
polymorphisms in the S'UT region of the HSP70-1 
gene and in the coding region of the Hum70t gene by 
the PCR-RFLP method in 53 patients with sarcoi
dosis and 50 healthy controls?O The polymorphism at 
position 190 in the 5' UT region of the HSP70-1 gene 
was determined using NiaIV digestion of the PCR 
product. The polymorphism at position 2347 in the 
coding region of the Hum70t gene, which causes an 
amino acid substitution from methionine to threo
nine, was detected using NeoI digestion of the 
amplified product. There was no difference in allele 
frequency of the HSP70-1 *b or Hum70t*b gene 
observed between the patient and control groups. 

Furthermore, the polymorphism at position -110 in 
the 5'-flanking region of the HSP70-1 gene (Fig. 3) 
was identified by single-strand conformation 
polymorphism (SSCP) analysis after PCR amplifica
tion was performed in 54 patients with sarcoidosis 
and 47 healthy controls. Genomic DNA was ampli
fied for SSCP analysis by PCR using the following 
primers: 5'-CGCCA TGGAGACCAACACC-3' and 
51-AAAGGTAGTGGTCTGTCGCAGCA-3'. 
Amplification was performed for 30 cycles, with 1 
minute incubation for each step at 96, 56 and noc, 
respectively. PCR products (3 ILl) were mixed with 
4.9 ILl of a solution containing 80% formamide, 20 
mM EDT A and 0.01 % bromphenol blue. The 
mixture was then incubated at 95°C for 5 minutes 
and chilled on ice. Samples (3 ILl) were subjected to 
electrophoresis on 10-20% polyacrylamide gradient 
gels for 3-4 hours at 4°C and a constant current of 
20 rnA. Gels were stained with a silver stain kit 
(Daiichi Chemical Co., Tokyo, Japan). DNA frag
ments showing altered electrophoretic mobility by 
SSCP were reamplified by PCR, and the purified 
PCR products were then sequenced by dideoxy
chain termination with a DNA sequencer (model 
373A, Applied Biosystems). 

Sequence analysis resulted in the identification of 
the HSP70-1 *a1 allele, which contains A at position 
-110, and the HSP70-1 *a2 allele, which contains C at 
the same position. As shown in Table II, no 
significant difference in the allelic distribution of 
the polymorphism at position -110 in the 5'-flanking 
region of the HSP70-1 gene was observed between 
the patient and control groups. 

The HSP70-1 gene may be regulated by the 
interaction of the heat shock transcription factor 
(HSF) with the heat shock element (HSE) present in 

Table II. Allele frequencies of the 5' -flanking region in the 
HSP70-1 gene in the patients with sarcoidosis and the healthy 
controls 

Nucleotide Patients Controls 
Allele position -110 (n = 54) (n = 47) 

HSP70-1*al A 64 (59.3%) 54 (57.4%) 
HSP70-1*a2 C 44 (40.7%) 40 (42.6%) 
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its 5' -flanking region.4o Heat shock treatment induces 
the rapid binding of HSF to the promoter of HSP70-
1, which alters the pattern of methylation reactivity 
of the region encompassing the NGAAN site of 
HSEs. The polymorphic site is assumed to include 
the HSEs, suggesting that the polymorphism of the 
5' -flanking region in the HSP70-1 gene may affect 
both gene expression and protein production. The 
polymorphism at position -110 in the HSP70-1 gene 
has been demonstrated to be associated with HLA
DR alleles in Caucasians: a C at position -11 0 
(HSP70-1 *a2) is associated with HLA-DR3.41 There
fore, this polymorphism may contribute to the 
development of DR3-associated autoimmune dis
eases in Caucasians, including sarcoidosis. However, 
our results exclude HSP70 gene polymorphism as a 
genetic factor in the development of sarcoidosis. 

HLA-DM GENE IN SARCOIDOSIS 
The HLA-DMA and -DMB genes, recently identi
fied between the HLA-DQ and -DP genes within the 
HLA, encode a novel human MHC class II 
molecule.42 Although the function of the DM gene 
is not completely understood, the DM molecule may 
be directly involved in the class II-dependent peptide 
presentation pathway in the immune response 
requiring the removal of the invariant chain pep
tide.43 Genetic polymorphisms, mainly in the third 
exons of both the DMA and DMB genes, have been 
reported. The DMA gene has four alleles (HLA
DMA*0101-0104)44 and the DMB gene has five 
(HLA-DMB*0101-0105).44,45 

To better understand the molecular basis of the 
association between the class II component and 
sarcoidosis, we evaluated whether or not the poly
morphism of the DM gene is a predisposing genetic 
factor for sarcoidosis. The alleles of the DMA and 
DMB genes were identified in 70 patients with 
sarcoidosis and 95 healthy controls using the PCR
RFLP method.46 The PCR-amplified products were 
digested with ApeLI, HinplI and BsrI for DMB, and 
HinjI, FokI, StanI and AciI for DMA. 

No significant differences in the frequency of the 
DMA alleles were observed between patients and 
the healthy controls. On the other hand, the 
frequency of DMB*0102 was significantly higher 
and that of DMB*OlO1 was significantly lower in the 
patients than in the healthy controls.46 Since linkage 
disequilibria between HLA-genes and HLA class II 
genes were observed, the increased frequency of 
DMB*0102 in the patients is attributed to the weak 
linkage disequilibrium with DRB1 *1101, the allele 
that was significantly increased in the patients with 
sarcoidosis.11 The decreased frequency of 
DMB*0101 in the patients can be explained by its 
linkage disequilibria with DRBl *0101 and 
DPB1 *0402, which were lower in the patients with 
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sarcoidosisY Therefore, HLA-DMA and -DMB 
genes are not directly involved in the development 
of sarcoidosis. The DM genes are believed to have 
diverged at about the time that class I and class II 
sequences split from each other, and represent 
primordial MHC genes.47 Furthermore, concerning 
their limited polymorphism as compared with those 
in other HLA class I or class II genes,44 it is not very 
likely that HLA-DM genes are directly involved in 
susceptibility to the disease. 

CONCLUSION 
In the course of these studies we have found that the 
HLA-DRBl gene may be directly involved in the 
pathogenesis of the development of sarcoidosis. The 
pathogenesis underlying sarcoidosis can be discussed 
in the context of amino acid residues at specific 
positions on the HLA-DRBl molecule. However, it 
does not completely negate the association with 
sarcoidosis of other non-HLA genes located near the 
HLA-DRBl gene. Intensive analysis of genetic 
polymorphism specific to sarcoidosis in these 
known genes is necessary for the further study of 
sarcoidosis. 

Key words: Sarcoidosis, Disease susceptibility, Human leukocyte 
antigen (HLA), Tumour necrosis factor (TNF). Heat shock 
protein 70 (HSP70). HLA-DM. 
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