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ABSTRACT

Prospective HLA-DR matching has been shown to enhance renal graft 
survival. It has also been dem onstrated that the major stimuli in the one
way mixed lymphocyte culture reaction (MLR) are the DR rather than DQ 
class II histocompatibility antigens. A two antigen DR match betw een the 
potential recipient and donor is usually associated with a negative MLR.
The findings of two family studies are reported  in which HLA-DR identity 
betw een the potential recipient and donors did not correlate with the 
MLR reactivity. These findings further strengthen the need for perform 
ing the M LR in conjunction with DR/DQ typing since splits have been  
described for some of the DR antigens which may not be detected  using 
the currently  available commercial typing trays.

In troduction

The D region of the HLA complex is 
comprised of at least three different loci, 
namely, DR, D P (SB) and DQ (DC, DS, 
MB).315 Gonwa et al8 found that adher
en t m ononuclear cells (AMC) expressing 
DS (DQ) w ere the m ost effective cell 
population as antigen p resen ters for T 
lymphocytes com pared to AMC lacking 
this class II gene product. Both popula
tions of AMC expressed DR antigens and 
w ere equally effective as stim ulator cells 
in the  one-way mixed lym phocyte cul
tu re  reac tio n  (M LR). M ore recen tly , 
N avarrete e t al16 using monoclonal anti
bodies specific for DR and DQ, de te r

m ined that D R antigen expression was 
necessary for the stim ulator cell popula
tion in o rd er to elicit a strong MLR. 
How ever, blocking the  M LR with the 
DR specific monoclonal antibody did not 
block the generation of cytotoxic T  cells. 
T he add ition  of m onoclonal antibody 
specific for DQ did not block the MLR, 
b u t it did im pair the generation of cyto
toxic/suppressor cells. The conclusion of 
N avarrete e t al16 was that strong reactiv
ity in the MLR was a direct function of 
DR expression on the stim ulator cells 
and not DQ.

The one-way M LR is an in vitro  model 
o f a llo g raft a n tig e n  rec o g n itio n  and  
potential rejection when disparity exists
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in the  D reg ion .4 P ineda et al17 noted 
that increased graft survival tim es were 
associated with a low stim ulation index 
(SI) in  th e  one-w ay M LR. B erg and 
R ingden5 and  Radvany and  V aisrub18 
show ed that a strong correlation exists 
betw een DR identity and MLR com pati
b i l i ty .  U s in g  a s ta b i l i z e d  r e la t iv e  
response, donor specific one-way MLR, 
Langhoff e t al10 noted  that this proce
dure provided a b e tte r indication of graft 
survival than DR typing.

The results of two family studies are 
reported  in which donor DR com patibil
ity did not correlate with the one-way 
M LR results, fu rther em phasizing the 
im p o rtan ce  of p e rfo rm in g  th e  m ixed 
lymphocyte culture reaction.

M aterials and M ethods

F a m ily  # 1  (C au c as ian ): T h e  son 
(poten tia l kidney recip ien t) and both  
parents (potential donors).

F a m ily  # 2  (C au c as ian ): T h e  son 
(p o te n tia l  b o n e  m arro w  re c ip ie n t) ,  
m o ther, m ate rna l g ran d p a re n ts , and 
m aternal uncle (potential donors).

P r e p a r a t io n  o f  M o n o n u c l e a r  C e l l s  
f o r  HLA-A, B, DR, a n d  DQ T y p in g

Heparinized tubes were used to col
lect venous blood from all individuals 
being tested. Purified lymphocytes were 
isolated using density gradient centrifu
gation* and carbonyl iron as described 
by M ittal et a l.14 The B cells w ere iso
lated from the purified lymphocyte p rep 
a ra t io n s  by  n y lo n  w ool s e p a ra tio n  
according to the m ethod of Fotino and 
M enon.7 Cell viability in all cases was 
> 95  percent.

* H istopaque 1.077, Sigma Chem ical C o ., St. 
Louis, MO.

HLA-A, B, DR a n d  DQ T y p in g

The microlymphocytotoxicity assay as 
described  by Hopkins and M acQ ueen9 
was followed for the  HLA typing. For 
the HLA-A and B typing of both fami
lies, Terasaki Third HLA trays, Lot # 5 t  
w ere used. The HLA-DR and DQ typing 
were performed on the enriched B cells of 
Fam ily  # 1  using Terasaki D RW  Tray, 
Lot 20f and Pel-F reez  HLA-DR Tray, 
Series DR-72-5, Lot # 6 .$  Terasaki DRW  
Tray, Lot #19  and Pel-Freez HLA-DR 
Tray, Series DR-72-5, Lot # 4  were used 
fo r th e  ty p in g  o f  th e  B c e lls  from  
m em bers of Family #2 .

O n e -W ay  M i x e d  Ly m p h o c y t e  C u l t u r e  
R e a c t io n  (M L R )

The procedure of Cerilli et al6 was fol
low ed for the  one-w ay MLR. Briefly, 
m ononuclear cells w ere  isolated  from 
heparinized blood using density gradient 
cen trifugation  as described , including  
blood from th ree unrelated  individuals 
to serve as a positive stim ulation control. 
Following th ree washes in Roswell Park 
M e m o r ia l  I n s t i t u t e  (R P M I) 1640 
m e d iu m ,§ th e  resp e c tiv e  cells w ere 
divided in half. One portion was resus
pended  in com plete RPM I 1640 m edium  
(one percent L-glutamine, 100 |xg per ml 
gentamycin, and 20 percen t heat inacti
vated AB serum) at 1 X 106 cells per ml, 
while the rem aining cells were treated 
with mitomycin C (50 |xg per 6 X 106 
cells) for 30 m inutes at 37°C. Following 
th ree washes in RPM I 1640 medium, the 
cells w ere counted and resuspended as 
described  previously. O ne-ten th  ml of 
each of the respective cell populations 
was added to a 96 well Costar microcul
ture plate11 in replicates of five as follows:

t  One Lambda Inc., Los Angeles, CA.
+ Pel-Freez Clinical Systems, Brown Deer, WI.
§ M.A. Bioproducts, Walkersville, MD.
|| Hyclone, Logan, UT.
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R X Rm, R x Dm, R X Um, D x  Dm, 
D X Rm, D X Um, U X Um, U X Rm 
and U X  Dm  in which m =  mitomycin 
C treated , R =  recipient, D =  donor, 
and U =  un re la ted  control. The cells 
w ere cu ltured  for five days at which tim e 
0.5 uci of 3H -thym idine (6.7 Ci pe r mM) 
was added  to each well. Following an 
additional 18 hours of culturing, the cells 
w ere harvested  onto glass fiber filters 
and  p re p a re d  for liq u id  sc in tilla tion  
counting. The data are presented  as both 
the stim ulation index (SI) and percent of 
relative response (% RR) as follows: 

cpm of responder 
g j  _  X stim ulator (m) treated 

cpm of responder 
X responder (m) treated

cpm =  counts per m inute 
m =  mitomycin C treated 

cpm of R x Dm 
RR =  -  o p m  o fR  X Rm x  m %  

cpm ot R X Um 
— cpm of R x  Rm

m =  mitomycin C treated 
R =  potential recipient 
D =  potential donor 
U =  pooled mononuclear cells of 

unrelated  individuals 
T he m ixed lym phocyte cu lture reac

tion (MLR) data are reported  routinely 
as bo th  the  sim ulation index (SI) and 
p e rc e n t re la tive  response (RR), since 
some investigators p refer both calcula
tions. The % RR determ ination is based 
on both the M LR results of the recipient 
and donor and recipient and pooled cells 
of the  unrelated  individuals and, as such, 
is thought to be a b e tte r means of p re 
senting  the  mixed lym phocyte cu lture 
reaction data.

As a control to insure the com petency 
of the  cells being tested in the one-way 
MLR, the  m ononuclear cells from the 
re sp e c tiv e  ind iv iduals w ere  c u ltu re d  
w ith  phytohem agglu tin in*  (25 (xg p e r

TABLE I

HLA Phenotyping of Family #1

Family Member HLA-A B HLA-DR, DQ

Son
Mother
Father

A 1 ,30; B7,14 
A30,X; B14/X 
A 1 , 31; B7,40

DRl,4,W 5 3 ; 
DR1,4,W 5 3 ; 
DRl,4,W 5 3 ;

DQW1,W3 
DQW1 W3 
DQW1 W3

T A B L E  II

HLA Phenotyping of Family #2

Family Member HLA-A, B HLA-DR, DQ

Son
Mother
Uncle
Grandfather
Grandmother

A 1 ,24; B8,16 
Al,24? B 8 /16 
Al, 2; B8,16 
A 1 ,11; B8,X 
A2 ,24; B16,X

DR3,W6,W52? DQW1,W2 
DR3,W6,W52 ? DQW1,W2 
D R 3 ,W 6 ,W5 2; DQW1,W2 
DR3,W6,W52; DQW2,X 
DR3,W6,W52; DQW1,W3

(PHA), Sigma Chemical C o., St. Louis, MO.

ml). At two days into the culture period, 
0.5 uci of 3H-thym idine (2.0 Ci per mM) 
was added, and the cells were cultured 
for an additional 18 hours prior to har
vesting. The PHA data are p resen ted  as 
the  SI of cpm with PHA/cpm  w ithout 
PHA.

Results

T he d a ta  in tables I and II  p re se n t 
th e  HLA pheno typ ing  of fam ilies # 1  
and #2 .

The results of the one-way M LR and 
PH A  s tim u la tio n  u s in g  th e  iso la ted  
mononuclear cells from the m em bers of 
Families # 1  and 2, including the  th ree 
pooled unrelated  controls, are presented  
in tables III and IV. Only the SI and % 
RR are being p resen ted . The standard 
deviations for each run were always less 
than 15 percent of the respective means.

Discussion

The mixed lym phocyte cu ltu re  reac
tion (MLR) is thought to be an in vitro  
m odel of allograft antigen recognition  
and rejection when disparity is present 
a t th e  H L A -D  reg io n  b e tw e e n  th e  
potential allograft recipient and donor.4



DR TYPING AND MLR DISPARITY 3 21

A low M LR and no DR incompatibility 
betw een recipient and donor are corre
la ted  w ith increased  graft survival.2,5 
M adsen e t a l,12 M iddleton e t a l,13 and 
Lucas et al11 found that DR m atching for 
cadaver renal allografts greatly enhanced 
the one year graft survival rates.

I t should be noted that the main pur
pose of the  m ixed lym phocyte culture 
reac tion  is to  d e te c t d isp a rity  at the  
H LA -D  region  b e tw een  th e  po ten tia l 
rec ip ien t and donor. B ecause certain  
variables are associated with this in vitro  
test system, a stimulation index of <five 
or a relative response of < 20  percent is 
associated w ith M LR com patibility.6,18 
Some of the  m inor stim ulation seen in 
the assay betw een HLA identical indi
viduals is probably due to d isparity  at 
o ther non-HLA-DR loci of the HLA-D 
region. O ne variable of the MLR is the 
means by which the stim ulator cells are 
processed to p reven t th e ir replication, 
namely, mitomycin C (m) treatm ent or 
irradiation. In  our hands, the  m trea t
m ent has been used successfully to inac
tiv a te  th e  s tim u la to r  ce lls , b u t  th is 
m ethod is not as efficient as irradiation. 
I t has been  found that m trea ted  cells 
w ill exh ib it a very  lim ite d  d e g re e  of 
stimulation in the presence of PHA (SI of 
no  m o re  th a n  f iv e ) , c o m p a re d  to  
un treated  cells which respond vigorously 
to this mitogen (SI >  100). Appropriate 
irrad ia tion  of the  stim u la to r cells fol
lowed by the addition of PHA results in 
an SI of about tw o .t

Reinsmoen et al19 described an anom
alous reactivity in the M LR and DR typ
ing in HLA-A,B,C, and DR identical sib
lings. T he re su lts  in th is  s tu d y  also 
indicate that DR identity does not always 
constitute a low MLR amongst blood rel
atives. In  Family # 1 , the son (potential 
re c ip ie n t)  re a c te d  v igo rously  to  the  
DR/DQ identical cells of his father in the

t  Unpublished observations.

TABLE III
Phytohemagglutinin and One-Way Mixed Lymphocyte 

Culture Reaction Results of Family #1

One-Way MLR

Family Member

Stimulator Cells 
(Mitomycin C 

Treated) SI % RR
PHA
SI

Son x Mother 
x Father 
x Unrelated

4.5*
22.1
68.5

5.3
31.3

152

Mother x Son
x Unrelated

6.0*
21.6

24.5 128

Father x Son
x Unrelated

5.9*
18.1

28.3 156

*P < 0.05 compared to counts per minute of Responder 
x Responder (mitomycin C)

MLR = mixed lymphocyte culture reaction 
SI = stimulation index 
RR = relative response 
PHA = phytohemagglutinin

M LR (SI =  22.1, RR =  31.3 percent), 
while the converse M LR resulted in an 
SI of 5.9, indicating that the he lper T 
cells of the son w ere seeing an additional 
d e te rm in a n t( s )  on th e  DR a n tig e n s  
p resent on the paternal cells. This reac
tivity may be d irected  to splits related to 
the DR 4 antigen, since splits have not 
been  described for DR l . 1

Enhanced reactivity was also noted in 
Family # 2  with the potential recipient’s 
lymphocytes responding to the DR/DQ 
identical cells of his uncle (SI =  12.7, 
RR =  23 percent) and grandfather (SI =
11.7, RR =  22 percent). As in Family 
# 1 , the converse MLR results w ere SI of 
5.6 and 4.1, respectively, again indicat
ing that the helper T cells of the poten
tial re c ip ie n t w ere  seeing  add itiona l 
stim ulatory determ inants, possibly anti
gens associated w ith one of the  splits 
(DRW  13,14) of DR W 6.1 The in terp re
ta tio n  of th e  resu lts  w ith  the  g ran d 
m other are less clear, mainly because the 
results of her DR/D Q typing do not com
pletely correlate with the DR 3,W 6 phe
notype. Strong linkage disequilibrium  
ex is ts  w ith  D R  3 /D Q  W 2, and  D R  
W 6 /D Q  W l , 1 y e t th e  g ra n d m o th e r  
was typed as a D Q  W 1,W 3 rather than a
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TABLE IV

Phytohemagglutinin and One-Way Mixed Lymphocyte 
Culture Reaction Results of Family #2

One-Way MLR

Family Member

Stimulator Cells 
(Mitomycin C 

Treated) SI % RR
PHA
SI

Son x Mother 
x Uncle 
x Grandmother 
x Grandfather 
x Unrelated

3.9*
12.7 
38.5
11.8 
50.9

6.0
23.0
75.0
22.0

124

Mother x Son
x Unrelated

3.5*
75.3

3.3 170

Uncle x Nephew (PR) 
x Unrelated

5.6*
54.5

8.6 126

Grandmother x Grandson 
x Unrelated

23.0
61.3

36.5 146

Grandfather x Grandson 
x Unrelated

3.9*
61.8

4.7 115

*P < 0.05 compared to counts per minute of Responder 
x Responder (mitomycin C)

MLR = mixed lymphocyte culture reaction 
SI = stimulation index 
RR = relative response 
PHA =• phytohemagglutinin

W 1,W 2. A lth o u g h  no DR rea c tiv ity  
other than the 3,W 6 occurred, it is con
ceivable that she was not a DR3. The 
MLR results with the grandm other (SI 
=  38.5, RR = 75 percent) dem onstrate 
vigorous T cell proliferation; however, in 
th e  co n v e rse  M LR (g ra n d m o th e r  X  
g randson ), e n h a n c e d  re a c tiv ity  also 
resulted  (SI =  23.0), which may indicate 
that the grandm other was not a DR3.

Although these are the only two cases 
in which type of MLR reactivity with DR 
com patibility has been  seen, it fu rther 
emphasizes the necessity of performing 
the M LR when the transplant involves a 
living donor, and points to the need for 
im p ro v e m e n ts  in  th e  D R  ty p in g  to 
enhance the DR antigen/M LR correla
tion.
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