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Abstract Malononitrilamides 
(MNAs) represent a new class of 
low molecular weight immunosup- 
pressants and have been shown to 
prevent and reverse ongoing acute 
allograft rejection and effectively 
prolong xenograft survival in ro- 
dents. MNAs were also found to be 
potent inhibitors of B and T cell- 
mediated autoimmune processes 
and mediate their effects by binding 
specifically to dihydro-orotate de- 
hydrogenase (DHODH),  inhibiting 
de novo pyrimidine biosynthesis, 
thereby blocking T and B cell prolif- 
eration and strongly suppressing the 
IgM and IgG antibody production. 
Here we evaluated the effects of the 
MNAs (HMR 1279 and HMR 1715) 
on the in vivo lymphoproliferation 
that occurs after challenge with al- 
logeneic cells in a local graft-versus- 
host reaction in Lewis x Brown 
Norway F, hybrid rats by measuring 
the enlargement of the popliteal 
lymph nodes (PLN) draining the site 
of allogeneic cell injection. Oral ad- 

ministration of the MNAs dose-de- 
pendently prevented the localized 
lymphoproliferative response in the 
PLN assay and suppressed the 
lymph node hyperplasia. The MNAs 
even acted therapeutically when 
they were given during an ongoing 
alloreactivity as late as days 4 or 5 
after challenge. Consistent with the 
mode of action, a complete reversal 
of the immunosuppression on the 
lymphoproliferation in vivo was at- 
tempted in this protocol by the ad- 
dition of exogenous uridine during 
days 0-5. These data suggest the 
HMR 1279 and HMR 1715 mediate 
their antiproliferative and immuno- 
suppressive effects in the PLN assay 
in vivo by decreasing the activity of 
DHODH in the lymph node cells 
and thereby inhibiting pyrimidine 
biosynthesis. 
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Introduction 

Malononitrilamides (MNAs) represent a new genera- 
tion of low molecular weight immunosuppressive agents 
and belong to the derivatives of leflunomide’s primary 
metabolite A 771776. The MNAs (HMR 1279 and 
HMR 1715) are structurally unrelated and distinct in 
their mode of action to any other of the currently used 
immunosuppressants (Fig. 1). They have been shown to 
prevent and reverse established acute allograft rejection 

in various rodent models [5 ,  91 and effectively prolong 
xenograft survival [4, 71. These derivatives of lefluno- 
mide’s active metabolite have also been used effectively 
as immunosuppressive agents against certain types of B 
cell-mediated processes in rodent models of autoim- 
mune diseases [6, 8, 101. They mediate their effects by 
binding specifically to dihydro-orotate dehydrogenase 
(DHODH) and inhibiting de novo pyrimidine biosyn- 
thesis [I  I] .  Thereby they block B and Tcell proliferation 
and strongly suppress the IgM and IgG antibody pro- 
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Fig.1 Chemical structure o f  the Leflunornide (HWA 486) + A77 1726 
malononitrilamides ( MNAs) 
HMR 1279 and HMR 1715 

N 

Malononitrilamides 

MNA 279 (HMR 1279) 

MNA 715 (HMR 1715) 

duction [2, 31. Prompted by their immunopharmacolo- 
gical abilities we evaluated the effects of HMR 1279 
['-cyano-N-( 4-cyano-phenyl)-3-cyclopropyl-3-oxo-pro- 
pan-amide] and HMR 1715 (2-cyano-3-hydroxy-N-[4- 
(trifluoromethyl)-phenyl]-6-heptynamide} on the in 
vivo lymphoproliferation that occurs after challenge in 
Lewis x Brown Norway F, hybrid rats by measuring 
the enlargement of the popliteal lymph nodes (PLN) 
draining the site of allogeneic cell injection. 

Materials and methods 
Animals 

Lewis rats and Lewis x Brown Norway F, hybrid rats were all ob- 
tained from Charles River Wiga (Sulzfeld, Germany). All animals 
were fed 21 standard rat diet and drinking water ad libitum. 
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PLN assay 

To test the alloreactivity in vivo, a localized Tcell-dependent lym- 
phoproliferative response to allogeneic cells in Lewis x Brown 
Norway rats was examined. For this local graft-versus-host (GvH)  
reaction the PLN assay was used. This test is based on the enlarge- 
ment of the draining lymph node as a result of injecting immuno- 
competent cells (1 x 10' parenteral Lewis spleen cells) into the 
hind foot pad of Lewis ir Brown Norway F, recipients. The PLN as- 
say is usually measured a t  day h after challenge as a gain in lymph 
node weights and was performed as described by Ford et  al. [l]. 

Substances 

Both MNA 779 H M R  1279) and MNA 715 ( H M R  1715) were sup- 
plied in pure form as a white powder (Hoechst Marion Roussel, 
Wiesbaden, Germany) and were prepared daily fresh as a homoge- 
nous suspension in 1 YO carboxymethyl cellulose (1  % CMC) at 
varying concentrations. All the animals were given the test drugs 
each morning by gastric gavage and were treated with the drugs at 
the concentrations and schedules given in the text. Control animals 
received the vehicle solution ( 1  YO CMC) only. 
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Fig.2 Prevention of the localized lymphoproliferative response 
and popliteal lymph node (PLN) swelling by MNA 379. Animals 
were treated with 12.5. 25. or 50 mgikg of the drug by oral gavage 
(p. o.) on day 0 together with the challenge and showed a dose-de- 
pendent inhibition of the lymph node hyperplasia. A therapy con- 
trol group was treated with cyclophosphamide Norway (cyclo- 
phosph.) (SO mgikg, i.v.). (neg. negative. pus positive, L B N  Le- 
wis x Brown Norway) 
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Fig.3 Two oral administrations of MNA 715 (12.5 or 25 mgikg) on 
days 0 and 4 relative to the challenge with spleen cells had a better 
inhibitory effect on PLN enlargement. Cross-over treatment with 
both MNAs was equally as effective as monotherapy with one 
MNA alone 

Results and discussion 

Prevention of alloreactivity in a local GvH reaction 
(PLN assay) 

In this system there is an enlargement of the draining 
lymph node at the site of allogeneic cell injection rela- 
tive to the node draining the syngeneic cell injection 

Popliteal lymph node (PLN) assay (LEN rats) 
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Fig.4 Therapeutic effects of MNA 27Y on the local graft-versus 
host reaction in the PLN assay. Even a single administration of 
35 mgikg either on day ((1) 3, day 4, or days 3 and 5 resulted in a 
significant inhibition of this lymphoproliferative response. Later 
application seems to have better therapeutic activity in treating 
lymph node hyperplasia 
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Popliteal lymph node (PLN) assay (LEN rats) 

i Uridine 2 glkg s.c MNA 715 given p.0. on day 0 

Fig. 5 Antiproliferative and immunosuppressive effects of 
MNA 715 (15 or 30 mgikg) were completely antagonized when 
3 gikg of exogenous uridine were given in addition s. c. on days 0 
to 5 

site. A single administration of either one of the two 
MNAs (12.5, 35, or 50 mgikg), given by oral gavage on 
day 0 together with the challenge, dose-dependently 
prevented the localized lyrnphoproliferative response 
and suppressed the lymph node hyperplasia (Fig. 2). 
The development of in vivo alloreactivity and the PLN 
swelling was always inhibited, independently to the 
time when the nodes were harvested and the lympho- 
proliferation was measured. Two oral administrations 
of 25 mg/kg of the MNAs on days 0 and 4 relative to 
the challenge with spleen cells had a better and more 



pronounced inhibitory effect on the development of the 
in vivo alloreactivity and showed a higher suppression 
of the PLN enlargement (Fig. 3 ) .  Cross-over treatment 
with both MNAs on days 0 and 4 was equally as effec- 
tive as the monotherapy with one MNA alone. The 
lymph node hyperplasia in response to a localized injec- 
tion of allogeneic cells was significantly suppressed. 
HMR 1279 and HMR 1715 abrogated ensuing local 
GvH reaction and inhibited PLN swelling in a dose-de- 
pendent manner as was measured by lowered weights. 

Therapy of localized lymphoproliferative response 
in the PLN assay 

Even a single administration of 25 mg/kg of the MNAs, 
when given orally during an ongoing alloreactivity as 
late as on day 4 or 5 after challenge with the alloantigen 
resulted in a clear inhibition of this lymphoproliferative 
response. Therapeutic treatment (later application) 
seems to have better efficacy in treating lymph node hy- 
perplasia than earlier application. Both HMR 1279 and 
HMR 1715 acted therapeutically and only 1 day after 
drug application the PLN enlargement was already sup- 
pressed (Fig. 4). These results presented here clearly in- 
dicate that the new immunosuppressants, the low mo- 
lecular weight MNAs, can even inhibit ongoing aberrant 
immune responses. 

The suggested molecular mechanism 
by which MNAs inhibit alloreactivity in vivo 

Here we demonstrate that HMR 1279 and HMR 171.5 
mediate their antiproliferative and immunosuppressive 
activity in vivo on the alloreactivity in a local GvH reac- 
tion in the PLN assay by decreasing the DHODH activ- 
ity and inhibiting the de novo pyrimidine biosynthesis of 
the infiltrating lymphocytes. The prevention of PLN en- 
largement by the MNAs (15 or 30 mglkg) was antago- 
nized by uridine supplementation. Consistent with the 
mode of action, a complete reversal of the immunosup- 
pression was attempted in this protocol by the addition 
of exogenous uridine during days 0-5 at 2 g/kg twice a 
day given subcutanously, thereby antagonizing the anti- 
proliferative effects of the MNAs (Fig. 5 ) .  These data 
suggest that HMR 1279 and HMR 1715 mediate their 
antiproliferative and immunosuppressive effects in the 
PLN assay in vivo by decreasing the activity of DHO- 
D H  in the lymph node cells and thereby inhibiting the 
pyrimidine biosynthesis. 
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