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Abstract The serological identifi- 
cation of HLA class I1 alleles is 
often doubtful. Since accurate 
HLA typing is essential for the 
matching of donor-recipient pairs 
in allogeneic transplantation, an 
effort was made to establish DNA 
restriction fragment length poly- 
morphism (RFLP) typing and to 
assess the correlation between the 
serological and RFLP techniques in 
the population of Northern Greece. 
One hundred and two healthy 
individuals (204 HLA-DR alleles) 
from Northern Greece were 
HLA-DR, DQ typed with both the 
microcytotoxicity and the Taq I 
RFLP method, using three exon- 
specific probes. DNA-RFLP typing 
revealed (1) concordant results with 
serology in 69.9% (142/204) of the 
alleles and (2) at least one HLA- 
DR allele discrepant to serology in 

30.4% (62/204) of the alleles. 
Incorrect serological DR types 
(weak reactions or inability to 
distinguish between two alleles with 
a common epitope) were identified 
in 54 alleles (26.5 %), while 3.9 % 
(8/204) of serological “blank” 
alleles turned out to be definable 
alleles by RFPL. Of the individuals 
tested, 10.8 % (1 1/102) were DR- 
homozygous by RFLP. This com- 
parison of results obtained by 
serology and RFLP demonstrated 
the necessity of the clinical appli- 
cation of DNA typing, especially for 
organ transplantation where accu- 
rate HLA typing has an important 
influence on graft survival. 
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Introduction 

The HLA system is a highly polymorphic region, located 
on the short arm of chromosome 6, containing genes 
coding for at least three different classes of proteins: HLA 
class I, class I1 and class I11 antigens [l]. The analysis of 
their polymorphism is necessary to facilitate successful 
organ transplantation [2]. In addition, these loci have 
been implicated in susceptibility to autoimmune and 
other diseases and, furthermore, they contribute greatly 
to anthropological studies and paternity testing [3]. 

Identification of HLA class I1 antigens is convention- 
ally performed by serological (reactivity with allo- or 
monoclonal antisera) and cellular (mixed lymphocyte 
culture or primed lymphocyte test) techniques. Neverthe- 
less, it is known that these conventional techniques often 
cause problems due to weak reactions, inability to 
distinguish between two alleles with a common epitope, 
or purity and viability of B lymphocytes DNA restriction 
fragment length polymorphism (DNA-RFLP) analysis of 
HLA class I1 antigens has been shown to be a more 
accurate and reliable method [4]. The involvement of our 
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boratory in tissue typing of donor-recipient pairs in 
logeneic transplantation led us to establish the DNA- 
FLP analysis in order to obtain more accurate results, 
correlate the results obtained by the serological and 

RFLP methods and to assess the true frequency of HLA 
class I1 antigens in the population of Northern Greece 
(Epirus, Macedonia and Thrace). Our participation in the 
international Collaborative Transplant Study (CTS) and 
the CTS experience in the field of molecular typing 
encouraged us in our efforts to establish the DNA-RFLP 
technique. 

Materials and methods 

Blood samples (heparinized blood for serological typing and EDTA 
blood for preparation of DNA) were obtained from 102 unrelated, 
healthy individuals from Northern Greece. All individuals were 
HLA-DR typed by the standard microlymphocytotoxicity assay, 

using at least 3 mono- or oligospecific antisera per HLA-DR 
specificity. 

The DNA-RFLP method was performed according to the 
method presented at the Fourth European Histocompatibility 
Conference by J. Bidwell. In brief, isolated DNA from nucleated 
cells was digested with the restriction endonuclease Taq I, followed 
by agarose gel electrophoresis, denaturation and Southern transfer 
of single-stranded DNA from the gel to a nylon membrane. 
Membranes were then hybridized sequentially with the following 
radiolabelled cDNA probes: HLA-DRP pRTV 1 [5 ] ,  HLA-DQP pII- 
@-I [6] and HLA-DQa pDCHl /7]. 

Results 

Figure 1 shows the autoradiogram of 15 individuals 
whose genomic DNA was digested with Taq I and probed 
with the pRTVl DRB probe. The DRP allogenotypes 
defined by this probe correlated with serologically assig- 
ned DR specificities. In addition, various DRP splits of 
the HLA-DR antigens were determined. Figure 2 shows 

Fig.1 Autoradiogram of 15 individuals whose genomic DNA was 
digested withTaq I and probed with the pR TVI DRB probe. DRB- 
RFLP patterns and sample numbers are shown on the top of each 
track, while fragment sizes are given in kilobase pairs (kb) at the right 
side of the autoradiogram 

Fig. 2 The DNA samples were rehybridized with the pII-P-1 DQB 
probe. DQB-RFLP patterns and sample numbers are shown on the 
top of each track and fragment sizes (kb) at the right side of the 
autoradiogram 
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Table 1 Gene and antigen frequencies of HLA-DRP, DQP and 
DQcl alleles in a Northern Greek population 

Fig. 3 The same DNA samples were reprobed with the pDCHl 
DQA probe. DQA-RFLPs and sample numbers are shown on the 
top of each track and fragment sizes (kb) at the right side of the 
autoradiogram 

the results of rehybridizing the membrane shown in Fig. 1 
with the DQB cDNA probe. Using this probe, seven’ 
RFLPs were identified that correlated with splits of DQ 
serological types. Figure 3 shows five DQa RFLPs of the 
same DNA samples probed with the DQa probe. 

The HLA-DRP, DQP and DQa gene and antigen 
frequencies of 204 alleles are listed in Table 1. The 
terminology of Bidwell [8] is used followed by the 
associated serological specificities for easy comparison. 
Only previously described Taq I DRP, DQP and DQa 
fragment patterns were seen. No unusual Taq I DRP- 
DQP-DQa associations were observed. In addition, 
normal frequencies for the various DRP splits of the 
antigens were determined. 

To compare the RFLP results with frequencies of DR 
alleles in Northern Greece, we translated the Taq I DR 
alleles to the corresponding serological alleles (Table 2). 
The discrepancies involved primarily certain antigens 
such as DR6, DR8 and DR10, antigens known to be 

RFLP HLA-DR n=204 (YO) (YO) 
serology alleles Gene Antigen 

frequency frequency 

H L  A-DR P 
D R P l  
D R b l 5  
DRP16 
DRP17.1 
DRP17.2 
DRP18 
DRP4.1 
DRj4.2 
D R p  11.1 
DRP11.2 
DRp11.3 
D R j  12.1 
DRp12.2 
DRB13a.l 
DRp13a.3 
DRP13a.4 
D R p l 3  b1/2 
DRP14a 
DRP14b 
DRP7.1 
DRP7.2 
DRj7.219 
DRB8 
DRBlO 

Total 

DR 1 
DR15(2) 
DR16(2) 
DR17(3) 
DR17(3) 
DR18(3) 
DR4 
DR4 
DRl l (5)  
DRl l (5)  
DRl l (5)  
DR 12(5) 
DR12(5) 
DR13(6) 
DR13(6) 
DR 13(6) 
DR13(6) 
DR14(6) 
DR14(6) 
DR 7 
DR7 
DR7/9 
DR 8 
DRlO 

34 6.86 
1 3  5.39 
14 6.86 
13 6.37 
8 3.93 
0 0.00 

24 11.77 
0 0.00 

46 22.55 
0 0.00 
0 0.00 
2 0.98 
0 0.00 
9 4.41 
4 1.96 
1 0.49 
4 1.96 

14 6.86 
4 1.96 
0 0.00 

11 5.39 
8 3.93 
6 2.94 

11 5.39 
204 100.00 

13.72 
10.78 
13.72 
12.74 
7.86 
0.00 

23.54 
0.00 

45.10 
0.00 
0.00 
1.96 
0.00 
8.82 
3.92 
0.98 
3.92 

13.72 
3.92 
0.00 

10.78 
7.86 
5.88 

10.78 
200.00 

27.94 
9.80 
0.98 

10.30 
5.88 

15.69 
29.41 

100.00 

55.88 
19.60 
1.96 

20.60 
11.76 
31.38 
58.82 

200.00 

HLA-DQN HLA-DQ 
DQcrla DQ5(1) 39 19.12 
DQctlb DQ4,DQ5,6(1), 32 8’ 15.69 

DQcllc DQ6(1) 13 6.37 
DQct2 DQ2,DQ7(3) 77 37.74 
DQcl3 DQ2,DQ7,8,9(3) 43 21.08 
Total 204 100.00 

DQ7(3) 

38.24 
31.38 

12.74 
75.48 
42.16 

200.00 

d;fficult to type by serology. Besides, after RFLP typing, 
no blank alleles remained. 

Comparison of the results obtained by serology and 
RFLP revealed: (1) concordant results with serology in 
69.6% (142/204) of the alleles and (2) at least one HLA- 
DR allele discrepant from serology in 30.4% (62/204) of 
the alleles. Precisely, incorrect serological DR types were 
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Table 2 Comparison of HLA-RFLP and serological gene frequen- 
cies ( O h )  in the Northern Greek population 

HLA-DR RFLP DR-serology DR-serology 
n=102 n=102 n=449” 

DR 1 
DR2 
DR 3 
DR4 
DR 5 
DR6 
DR 7 
DR8 
DR9 
DRlO 
DRx 

6.86 
12.25 
10.30 
11.77 
23.53 
17.64 
9.41 
2.94 
0.99 
5.39 
- 

6.93 
12.37 
9.90 

13.86 
23.76 

9.90 
11.38 
0.99 
0.99 
0.00 
9.90 

9.0 
16.0 
10.6 
12.1 
28.9 
10.0 
8.6 
0.3 
0.5 
1.2 
9.6 

a Serological frequencies were obtained in a previous study 

Table 3 Discrepancies between RFLP-DRP typing and serological 
HLA-DR typing (n = 204) 

No discrepancy 69.6% (142/204) 
Antigen/antigen 26.5% (52/204) 
Antigen/“blank” 3.9 % (8/204) 

~~ 

RFLP homozygous 10.8% 

identified in 26.5% (54/204) of the alleles, while 3.9% 
(8/204) of serological “blank” alleles turned out to be 
definable alleles by RFLP. Of the individuals tested, 
10.8 % (1 1/102) were DR-homozygous by the RFLP 
method (Table 3). 

Discussion 

Considering the need of an international waiting list for 
organ or bone marrow transplantation as well as a list of 
bone marrow donor volunteers, it is necessary to improve 
and standardize existing HLA typing methods. The 
demonstration that approximately 25 YO of serological 
HLA-DR typings can be erroneous compared to DNA 
analysis calls for the introduction of DNA typing techni- 
ques [4]. Moreover, a significant difference in graft 
outcome has recently been shown in a retrospective study 
between DNA HLA-DR matched and mismatched trans- 
plants [2]. 

The RFLP technique was the first method used to 
identify HLA class I1 polymorphisms at the DNA level. 
Although it has major disadvantages (slowness, radioac- 
tivity), our results revealed an important qualitative 

difference between DNA typing and serology in the 
population of Northern Greece. The analysis of incorrect 
serological DR types (30.4 %) showed that most discrep- 
ancies involved crossreactivities between alleles with a 
common epitope (26.5%), while 3.9% of alleles were 
defined that had been incorrectly assigned as “blanks” by 
serology. In addition, we noticed that the majority of the 
discrepancies occurred when serotyping was performed 
between 1986 and 1989. Better quality HLA-DR antisera 
and more efficient techniques for B lymphocyte prepara- 
tions (B Lymphokwik, immunomagnetic beads) intro- 
duced more recently may explain the improvement in our 
results after 1989. 

RFLP typing is a useful technique for obtaining HLA 
frequencies in a normal population. Consequently, it 
might provide an insight into genetic relationships among 
different ethnic groups. RFLP can reveal unknown 
alleles, resulting in new linkage disequilibria between 
DNA fragments and the formation of “natural selection 
haplotypes” [9]. 

The frequencies of Taq I/DRP RFLPs, when com- 
pared with those obtained with serological typing in a 
previous study (Table 2), revealed a very impressive 
discrepancy rate for certain alleles. The discrepancies 
concerned mainly DR6, DR8 and DRlO antigens, for 
which monospecific antisera are still difficult to obtain. 
For DR6, the gene frequency appears to be increased 
from 10.00% by serology to 17.64% by RFLP (Table 2). 
Consequently, this frequenc incorrect assignment might 
explain the presence or absence of a “DR6 effect” in 
kidney transplantation [lo, 111. 

The HLA-DRP frequencies were also compared with 
reported frequencies in other European populations 
based on the data of the 11 th International Histocompati- 
bility Workshop. No particular difference between the 
Greek population and other European ethnic groups was 
revealed. This is important information in vie& of plans 
for international organ and bone v r r o w  exchange lists. 

Despite the limitations demonstrated by RFLP typing, 
which were related to the slowness of the technique, we 
intend to continue the use of Taq I/DR allogenotyping for 
the typing of bone marrow and kidney transplantations. 
Meanwhile, technical improvements in DNA-based typ- 
ing are already available. Therefore, we have adopted 
DNA typing using the PCR method whereby the time 
required for HLA-DR typing has been dramatically 
shortened, allowing us to use DNA typing also for 
cadaver donors. 
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