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Summary. Pre-anastomosis wedge biopsies from I4 cadaveric donor kidneys were examined
for the expression of class I (HLA-ABC) and class II (HLA-DR) antigens in renal tissue. Two
monoclonal antibodies to class I antigens and four to class II antigens were used in an indirect
immunoperoxidase technique. Consistent expression of both antigens was demonstrated on

the surface of glomerular, peritubular capillary and venous endothelial cells. Renal arteries
contained only class I antigens. Proximal tubules contained varying amounts of each antigen
in their cytoplasm. Sixteen human lymphocytotoxic allo-antisera showed marked variation in
their ability to detect HLA antigens on the kidney. The selection ofdonors for recipients ofrenal
allografts involves the complement-dependent cytotoxicity test and the failure of some

lymphocytotoxic antisera to bind to the kidney indicates that some suitable patients may be
incorrectly excluded. The use ofa binding assay using an immunoperoxidase technique should
be included in cross-match techniques particularly for patients who have high levels of
circulating cytotoxic antibodies.
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Previous studies of the antigenic structure of
the kidney have shown that class I antigens
(HLA-ABC) have a wide distribution whereas
class II antigens (HLA-DR) have restricted
expression on renal vasculature (Baldwin et
al. I98I; Hart et al. I98I; Natali et al. I98I;
Hancock et al. I982). Marked variation of
class II antigens on proximal tubular epithe-
lium has also been reported (Fuggle et al.
I983). The potential significance of class I
and II antigens in the kidney depends on
their site density and on variation in their
arrangement on the endothelial cell surface.
We have previously reported variation in

endothelial expression of blood group A
antigen and the inability of some preformed
allo-antibodies to bind to the kidney (Trickett
et al. I983).

In view of the large number of highly
presensitized patients requiring transplan-
tation who already possess circulating anti-
bodies to lymphocytes detected by comple-
ment-dependent cytotoxicity (CDC), it is im-
portant to distinguish those antibodies
which bind to the kidney and initiate vascu-
lar damage, from those that have no deleter-
ious effect. Auto-antibodies and most allo-
antibodies that are cytotoxic to B lympho-
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cytes giving a positive B cell cross-match are
probably irrelevant (Morris & Ting I98I;
Ting & Morris I983), whereas allo-antibo-
dies cytotoxic to T lymphocytes are signifi-
cant (Kissmeyer-Nielsen et al. I966; Patel &
Terasaki I969).

In this report we have mapped the anti-
genic distribution of class I and II antigens on
the endothelial cells of I4 kidneys using a
range of mouse monoclonal antibodies. In
addition, in order to assess the significance of
tissue expression of these antigens we have
investigated and compared the endothelial
binding of human lymphocytotoxic allo-
antisera.

Materials and methods

Kidneys. Pre-anastomosis wedge biopsies
were taken from I4 cadaveric donor kidneys
after nephrectomy and perfusion with hyper-
osmolar citrate (seven kidneys), Marshall's
solution (four kidneys) or Eurocollins solu-
tion (three kidneys). The average cold
ischaemia time before biopsy was 22.5 h.

Biopsies were collected and stored in liquid
nitrogen until use. All kidneys exhibited
normal renal morphology.

Monoclonal antisera. Two monoclonal anti-
bodies to class I antigens were used. W6/32
(Barnstable et al. I978) and 34/28 (Trucco
et al. I979) were obtained as supernatants
from Sera Labs (MAS I532 and MAS 0I7
respectively). Both these antibodies recog-
nize determinants common to all class I
(HLA-ABC) antigens.
Four monoclonal antibodies to class II

antigens were also studied. FMC 4 (Beckman
et al. I980) was obtained as a supernatant
from Sera Labs (MAS o6 i); CR3/43 (Sunder-
land et al. I98 I) was obtained as ascites fluid
and was a gift from Dr D.Y. Mason, John
Radcliffe Hospital, Oxford. DA2 (Brodsky et
al. 1980) and TAL-iB5 (Adams et al. I983)
were obtained as ascites fluid and superna-
tant respectively and were the gift of Dr W.
Bodmer, Imperial Cancer Research Fund,
London. FMC 4, CR3/43 and DA2 are mono-

clonal antibodies recognizing monomorphic
determinants on class II (HLA-DR) antigens.
TAL-iB5 recognizes an epitope common to
human class II a chains (Adams et al. I98 3).
All the monoclonals used were of mouse
immunoglobulin subclass IgG1, with the
exception of W6/32 which was IgG2a.

Monoclonal antibodies were tested at a
range of dilutions on kidney sections and
subsequently used at the concentration
which produced clear distinct positive stain-
ing.

Affinity-purified rabbit anti-mouse im-
munoglobulin was obtained from Sera Labs,
rabbit anti-human immunoglobulin IgG
from Behring and horseradish peroxidase-
conjugated goat anti-rabbit immunoglobulin
from Miles-Yeda.

Human allo-antisera. Six maternal allo-anti-
sera defining the class I antigens HLA-A2,
A3, B8, and BI2 together with io maternal
sera defining class II antigens HLA-DRi,
DR3, DR4 and DR7 were obtained locally,
and were characterized on panels oflympho-
cytes from normal individuals by comple-
ment-dependent cytotoxicity (CDC).

Immunoperoxidase technique

Monoclonal antibodies. Renal tissue was
examined by an indirect immunoperoxidase
technique (Trickett et al. I983).

Cryostat sections (5 rm) were air dried,
fixed in acetone for IO min and washed in
phosphate-buffered saline (PBS) pH 7.2 for
30 min with three changes of buffer. The
sections were then incubated with the appro-
priate monoclonal antibody for 6o min,
followed by incubation with rabbit anti-
mouse immunoglobulin, diluted I:150 in
PBS containing 0.75% human AB serum, for
30 min. Subsequently all sections were incu-
bated with horseradish peroxidase-conju-
gated goat anti-rabbit immunoglobulin,
diluted I:800 in PBS for 30 min. The sections
were washed between each incubation step
with PBS pH 7.2 for 30 min, with three
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changes of buffer. Incubations were carried
out at both 20°C and 3 70C in a humidified
atmosphere. Slides were then incubated
with diaminobenzidine tetrahydrochloride
(Sigma) 0.5 mg/ml in 0.2 M Tris-HCL buffer
pH 7.6 containing O.oI% hydrogen peroxide
(Graham & Karnovsky I966) for io min.
The peroxidase reaction was stopped by
washing in PBS, followed by tap water for 5
min and the slides were then counterstained
with Mayer's haemalum, dehydrated in eth-
anol, cleared in xylene and mounted in DPX.
Sections were examined independently by
two observers and the intensity of staining
was graded.

Specificity controls included absorption of
specific antibodies with two human B lym-
phoblastoid cell lines, Bristol 8 which
expresses HLA-ABC and HLA-DR antigens,
Daudi which expresses HLA-DR but lacks
HLA-ABC (Brodsky et al. I979), and cells
expressing only HLA-ABC from a T cell
chronic lymphocytic leukaemia patient.
Absorption of monoclonal antibodies was
performed by incubation with an equal
volume of the appropriate washed packed
cells for 6o min at 40C, 20°C and 37°C. A

further control included incubation of sec-
tions with second and third antibodies alone.

Human allo-antisera. The indirect immuno-
peroxidase technique was performed as de-
scribed above by substituting human lym-
phocytotoxic sera for the monoclonal anti-
sera together with rabbit anti-human IgG,
diluted I:4000 in PBS, as the second anti-
serum. Positive controls included a kidney
with defined Ig deposits, whilst negative
controls included pooled human AB sera,
previously screened for the absence of lym-
phocytotoxic antibodies and blocking acti-
vity in mixed lymphocyte culture. ABO in-
compatibility restricted the use of allo-anti-
sera for some kidneys.

Results

Class I antigens
The monoclonal antibody W6/32 consis-
tently showed intense staining for class I
antigen on the glomerular and peritubular
capillary endothelium of all I4 kidneys.
Biopsies of seven kidneys contained veins
whose endothelium also showed uniform

Table i. Distribution of HLA antigens in 14 kidneys using monoclonal antibodies

Class I Class II
(HLA ABC) (HLA-DR)

Monoclonal antibody W6/32 FMC4
CR3/43
TAL-iB5

Arterial endothelium + + -*
Glomerular capillary endothelium + + + + + +
Peritubular capillary endothelium + + + + + +
Venous endothelium + + + +
Proximal tubule epitheliumt - + - +++
Distal tubule epitheliumt - + - + + t

Staining intensity: + + + strong, + + moderate, + weak,
- negative.

* Weak arterial staining seen in one kidney with FMC4, see
text.

t Distal tubule epithelium showed variable staining with
CR3/43 only.

: Variable staining.
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Fig. i. Arterial endothelium (arrow) containing class i, antigens (a). In comparison, there are no class II,
antigens (b). Indirect immunoperoxidase, DAB-H2o2, with haematoxylin nuclear counterstain. x I IOO.

distribution of antigen (Table i). Ten kidney
biopsies contained interlobular arteries
which showed similar staining (Fig. i) but a
further kidney had arterial endothelium
without demonstrable antigen. The other
monoclonal antibody 34/28, showed less
intense staining throughout and arteries
were often negative.
The cytoplasm of proximal tubular epithe-

lial cells was negative in ii kidneys and
positive in three kidneys with the W6/32
antibody; 34/28 antibody however was
always negative. Distal tubule epithelium
showed only trace amounts in two kidneys
with W6/32, whilst no antigen was detect-
able in any distal tubules with 34/28 anti-
body.

Specificity for class I antigens was con-
firmed by abolition of staining following
absorption of W6/32 with Bristol 8 cells
whilst absorption with Daudi failed to
remove antibody activity.
Each human allo-antiserum to class I

antigens showed greater variation in stain-
ing pattern and intensity than the mono-
clonal antibodies. Individual kidneys showed

inconsistent staining patterns, with the
panel of allo-antisera (Fig. 2 and Table 2). In
three kidneys (Patients 7, II, I 3) the pres-
ence of HLA-A2 could not be demonstrated
by one allo-antiserum although it was
detected by the other. Antisera to HLA-A3,
B8 and BI2 did not detect antigen on any of
the kidneys expected to express them. In
addition antisera to HLA-A3 and B8 demon-
strated unexpected 'additional' activity
which could not be explained from previous
characterization by lymphocytotoxicity.

Class 11 antigens

Class II antigens were detected on glomeru-
lar, peritubular capillary and venous endoth-
elium whilst the arterial endothelium was
negative (Table I and Figs I and 3)
FMC 4, CR3/43 and TAL-IB5 monoclonal

antibodies showed only minor differences in
the detection of these antigens.
The glomerular and peritubular capillary

endothelium showed strong and consistent
expression of class II antigens in I2/14
kidneys with FMC4, and in I3/I4 kidneys
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Fig. 2. Peritubular capillary endothelium containing antigens demonstrated by human HLA-A2
allo-antiserum and indirect immunoperoxidase with haematoxylin counterstain. x 750.

Table 2. Reactivity of six class I (HLA-ABC) allo-antisera in i3 kidneys

Antisera to HLA-A, B antigens

Donor tissue type A2 A3 B8 B12
Donor
kidney HLA-A HLA-B I 2 3 4 5 6

I 2 1 12 40 + ++ - - - El
2 I 2 7 8 + + + ++ - E EI NT
3 2 3 7 w44 + + + + NT (+)(+) NT
4 I 2 7 w44 + + NT -(+)NT
5 2 W24 7 w35 + +++ - _ _ _
6 2 - 7 14 + ++ -

7 2 26 5 40 + E - - NT
8 I- 8 27 - - (+)EE -
9 2 3 i8 w5o ++ + E - _ _

IO 2- 7 17 ++ ++ NT - (+)NT
II 2 28 5 w35 El ++ NT - (+)NT
I2 2 w31 5 w39 ++ ++ - _ - NT
I3 2 - 17 w44 R + - - - NT

Staining intensity: +++ strong, + + moderate, + weak,
- negative.
NT Not tested.
O Donor lymphocytes typed + for antigen but renal endothelium

and epithelium -.
( ) Donor lymphocytes - for antigen but renal endothelium +.
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Fig. 3. Peritubular capillary endothelium containing class II antigens. Monoclonal antibody (CR3/43),
indirect immunoperoxidase with haematoxylin counterstain. x 750.

with TAL-iB5. Less intense staining was
seen in two kidneys using FMC 4 and in one
kidney with TAL-iB5. Veins in seven kid-
neys showed moderate endothelial staining
with little variation. The glomerular arter-
ioles showed variable staining in 2/I4 kid-
neys for FMC 4 and I/14 kidneys with
TAL-iB5. Interlobular arteries were present
in ii kidneys but showed no reaction with
CR3/43 and TAL-iB5 (Fig. i). FMC 4 was
negative in IO kidneys but showed weak
endothelial staining in one renal artery.
The monoclonal antibody DA2 gave either

weak staining or none by the indirect
immunoperoxidase technique used in this
study. Tubular epithelium showed a marked
variation in the expression of class II
antigens. Proximal tubular epithelium
showed diffuse staining with CR3/43 in nine
kidneys, but none in five kidneys. FMC 4 and
TAL-iB5 were positive in five kidneys onl'y.
Distal tubular epithelium was positive in four
kidneys with CR3/43, but negative in all I4
kidneys with FMC 4 and TAL-IB5.

Absorption of FMC 4, CR3/43 and
TAL-iB with Bristol 8 cell line abolished all

staining whilst absorption with T-CLL cells
failed to remove antibody activity, confirm-
ing specific class II activity.
Human allo-antisera to class II antigens

gave the same pattem ofantigen distribution
as the monoclonal antisera but reactions
were less intense (Table 3). However the
HLA-DRi positive kidney (Patient 8) gave a
negative result with two DRi allo-antisera.
Five allo-antisera showed additional reac-
tions incompatible with results obtained
from lymphocytotoxicity (Table 3).

Discussion

Monoclonal antibodies demonstrated strong
expression of class I antigens on renal veins,
glomerular and peritubular capillary
endothelium and on the majority of arteries.
The consistent expression of these antigens
reflects the known deleterious effect of pre-
formed, cytotoxic allo-antibodies which give
a positive T-cell cross-match (Kissmeyer-
Nielsen et al. I966; Patel & Terasaki I969).
Our findings are in agreement with previous
reports ofthe widespread distribution of class
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Table 3 Reactivity of io class II (HLA-DR) allo-antisera in eight kidneys

Antisera to HLA-DR antigens

DRi DR3 DR4 DR7
Donor Donor
kidney HLA-DR type I* 2 3 4 5 6 7 8 9 I0

I 4 w6 + + (++) (+) - + + + - - -
2 4 3 - - - + +++ + ++
3 2 w6 + + (+ +) (+ +) - - - - - - -
4 2 7 (+) - - - - - - + + + +
5 w6 - NT - (+) (+) - - - NT NT
6 5 w6 + - - (+ +) - - - - - -
7 4 + NT - - +++ +++ + - NT NT
8 I 7 EJ NT R - (+ + +) - - + + NT NT

Staining intensity: + + + strong, + + moderate, + weak, - negative.
NT, Not tested.
O Donor lymphocytes typed + for antigen but renal endothelium and epithelium-.

) Donor lymphocytes - for antigen, renal endothelium +
* Serum had additional reactivity to some DR4, 5 and w6 positive cells by lymphocytotoxicity.

I antigens in the kidney (Baldwin et al. I98I;
Hart et al. I98I; Hancock et al. I982), and
their detection on tubular epithelial cells also
confirms previous work (Hancock et al.
I982; Fuggle et al. I983). As class I
antigens are seen within epithelial cytoplasm
and not solely present on the cell surface they
are likely to be the result ofpassive re-absorp-
tion of HLA antigens from the glomerular
ultrafiltrate and derived from the serum
(Pellegrino et al. I974).

Class II antigens were more restricted in
their distribution on renal tissue being con-
fined to the glomerular, peritubular capillary
and venous endothelium. Several juxtaglo-
merular arterioles expressed class II antigens
suggesting that they were efferent (postglo-
merular) in origin. Interlobular arteries were
negative with the exception of one kidney.
These observations extend previous findings
(Baldwin et al. I98I; Natali et al. I98I;
Hancock et al. I982; Fuggle et al. I983). The
lack of class II antigens on renal arteries may
influence the nature of the rejection process.

It is surprising that the majority of renal
transplants performed in the presence of a
positive B cell cross-match are successful

(Morris & Ting I98 i) as there is very limited
variation in the expression of class II
antigens. However many B cell positive
cross-matches are not the result of antibodies
to class II antigens (d'Apice & Tait I980) and
some are due to non-HLA autologous anti-
bodies (Ting I983; Ting & Morris I983).
Infrequently hyperacute and accelerated
rejection can be associated with antibodies
directed against class II antigens (Ahern et al.
I982; Mohanakumar et al. I98I) which
confirms that their presence on the renal
vasculature may be responsible. Rapid allo-
graft rejection due to those antibodies will
depend not only on class II (HLA-DR) antigen
expression but also on their ability to bind to
the kidney.
The detection of class II antigens within

tubular cytoplasm varies as in a previous
report (Fuggle et al. I983). There was no
correlation between expression of epithelial
class II antigens and HLA type, perfusion
time or perfusate. The variability of proximal
tubular class II antigens may result from
re-absorption of HLA-DR antigens from the
glomerular ultraffitrate as for HLA-ABC
antigens (Wilson et al. 1979).
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Considerable variation in detection ofclass

I and II antigens was seen with human
lymphocytotoxic allo-antisera in contrast to
results obtained with the monoclonal anti-
bodies. The pattern of reactivity was similar
but detection on individual structures varied
considerably. Endothelium was often
'patchy' in staining pattern, particularly
with class I allo-antisera. Several lymphocy-
totoxic allo-antisera (Tables 2 and 3) did not
bind to any renal, endothelial or epithelial
structures, despite the fact that they were
well characterized and gave reproducible
results by complement-dependent cytotoxi-
city on testing lymphocytes. There are
several possible explanations for these find-
ings. The detection of antigenic determinants
is dependent on concentration, subclass and
avidity of the antibody. Antigen may be
present at levels below the threshold sensiti-
vity of the test system whilst the antigenic
determinants may in some instances be
subject to conformational changes in their
topographical expression on the cell surface.
This 'antibody-dependent' expression may
account for the previous unsuccessful
attempts to reproducibly demonstrate indi-
vidual class I antigens (Baldwin et al. I98 I).

Currently, testing of the recipients serum
with the potential donor's lymphocytes is
very important in selecting donors and reci-
pients for renal transplantation (Ting I 98 3).
However these cross-match tests use non-
renal targets and may in some instances lead
to the exclusion of suitable recipients. The
nature and specificity of antibodies produc-
ing a positive T and/or B cell cross-match
needs further evaluation as complement-
dependent cytotoxic allo-antibodies vary in
their ability to bind to renal endothelium.
The finding that some class I lymphocyto-
toxic antibodies fail to bind has important
clinical implications. A kidney-binding assay
such as the immunoperoxidase technique
described, should prove useful in the success-
ful selection of kidney donors for highly
presensitized patients if the recipient's circu-
lating cytotoxic antibodies are ineffective in
binding to the donor kidney. Studies are

currently in progress to determine the suit-
ability of such a procedure.

Acknowledgements

The authors would like to express their
thanks to Dr W. Bodmer and Dr D.Y. Mason
for generous gifts of antisera and to Jackie
Clark and Pauline Longman for excellent
secretarial assistance in the preparation of
this paper.

References
ADAMS T.E., BODMER J. & BODMER W.F. (I983)

Production and characterization ofmonoclonal
antibodies recognising the a chain subunits of
human la alloantigens. Immunology 30,
61 3-624.

AHERN A.T., ARTRUc S.B., DELLAPELLE P., COSIMI
B.A., RUSSELL P.S., COLVIN R.B. & FULLER T.C.
(I982) Hyperacute rejection ofHLA-AB identi-
cal renal allografts associated with B lympho-
cyte and endothelial reactive antibodies. Trans-
plantation 33, 103-lO6.

D'APICE A.J.F. & TAIT B.D. (I980) Most positive B
cell crossmatches are not caused by anti-
HLA-DR antibodies. Transplantation 30,
382-383.

BALDWIN W.M., CLAAS F.H.J., VAN ES L.A. & VAN
ROOD J.J. (I98I) Distribution of endothelial
monocyte and HLA antigens on renal vascular
endothelium. Transplant Proc. 13, 103-107.

BARNSTABLE C.J., BODMER W.F., BROWN G., GALFRE
G., MILSTEIN C., WILLIAMS A.F. & ZIEGLER A.
(I 9 78) Production ofmonoclonal antibodies to
group A erythrocytes, HLA and other human
cell surface antigens-new tools for genetic
analysis. Cell 14, 9-20.

BECKMAN I.G.R., BRADLEY J., BROOKS D.A. KUPA A.,
McNAMARA P.J., THOMAS M.E. & ZOLA H.
(I980) Human lymphocyte markers defined by
antibodies derived from somatic cell hybrids II.
A hybridoma secreting antibody against an

antigen expressed by human B cell and null
lymphocytes. Clin. exp. Immun. 40, 593-60I.

BRODSKY F.M., PARHAM P., BARNSTABLE C.J.,
CRUMPTON M.J. & BODMER W.F. (1979) Mono-
clonal antibodies for analysis of the HLA sys-
tem. Immun. Rev. 47, 3-6I.

BRODSKY F.M., PARHAM P. & BODMER W.F. (I980)
Monoclonal antibodies to HLA-DRw deter-
minants. Tissue Antigens i6, 30-48.

FUGGLE S.V., ERRASTI P., DAAR A.S., FABRE J.W.,



HLA antigens on the renal endothelium 87
TING A. & MORRIS P.J. (I983) Localization of
major histocompatibility complex (HLA-ABC
and DR) antigens in 46 kidneys. Transplantation
35, 385-390.

GRAHAM R.C. & KARNOVSKY M.J. (1966) The early
stages of absorption of injected horseradish
peroxidase in the proximal tubules of mouse
kidney: ultrastructural cytochemistry by a new
technique. I. Histochem. Cytochem. I4,
29I-302.

HANCOCK W.W., KRAFT N. & ATKINS R.C. (I982)
The immunohistochemical demonstration of
major histocompatibility antigens in the
human kidney using monoclonal antibodies.
Pathology 14, 409-414.

HART D.N.J., FUGGLE S.V., WILLIAMS K.A., FABRE
J.W., TING A. & MORRIS D.J. (I 98 I) Localization
ofHLA-ABC and DR antigens in human kidney.
Transplantation 31, 428-433.

KISSMEYER-NIELSEN F., OLSEN S., PETERSON V.P. &
FJELDBORG 0. (I966) Hyperacute rejection allo-
grafts associated with pre-existing humoral
antibodies against donor cells. Lancet i,
662-665.

MOHANAKUMAR T., RHODES C., MENDEZ-PICON G.,
GOLDMAN M., MONCURE C. & LEE H. (I 98 I)
Renal allograft rejection associated with pre-
sensitization to HLA-DR antigens. Transplan-
tation 31, 93-95.

MORRIS P.J. & TING A. (I98I) The crossmatch in
renal transplantation. Tissue Antigens I7,
75-82.

NATALI P.G., DE MARTINO C., MARCELLINI M.,
QUARANTA V. & FERRONE S. (I98I) Expression

of Ia-like antigens on the vasculature ofhuman
kidney. Clin. Imm. Immunopath. 20, 11-20.

PATEL R. & TERASKI P.I. (I 969) Significance of the
positive crossmatch test in kidney transplan-
tation. N. Engi. 1. Med. 280, 735-739.

PELLEGRINO M.A., FERRONE S., PELLEGRINO A.G.,
OH S.K. & REISFIELD R.A. (I 9 74) Evaluation of
two sources of soluble HLA antigens: platelets
and serum. Eur. 1. Immun. 4, 250-255.

SUNDERLAND C.A., NAIEM M., MASON D.Y., RED-
MAN C.W.G. & STIRRAT G.M. (I98I) The ex-
pression of major histocompatibility antigens
by human chorionic villi. J. Reprod. Immun. 3,
323-331.

TING A. (I983) The lymphocytotoxic crossmatch
in clinical renal transplantation. Transplan-
tation 35, 403-407.

TING A. & MORRIS P.G. (I983) Successful trans-
plantation with a positive T and B cell cross-
match due to auto-reactive antibodies. Tissue
Antigens 2I, 219-226.

TRICKETr L.P., EVANS P.R., MACIVER A.G., SMITH
J.L. & SLAPAK M. (I983) Variable localization of
blood group antigen in group A kidneys. Br. J.
exp. Path. 64, 137-143.

TRUCCO M.M., GARoTrA G., STOCKER S.W. & CEP-
PELLINI R. (1979) Murine monoclonal anti-
bodies against HLA structures. Immun. Rev. 47,
2 I9-2 52.

WILSON B.S., INDIVERI F., PELLEGRINO M.A. &
FERRONE S. (1979) Production and characteri-
zation of DR xenoantisera use for detection of
serum DR antigens. J. Immun. I22,
I967-1971.


