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Abstract. Experimental evidence suggests that jejunal al-
lografts are rejected as rapidly as are ileal grafts, despite
their lesser content of lymphoid tissue as an immunologic
stimulus, However, it may be possible to postpone the re-
jection of jejunal grafts more readily than that of ileal
grafts by means of immunosuppressive therapy with
cyclosporin (CyA). To test this, we used the rat model
(BN-LEW) of orthotopic small-bowel transplantation.
The proximal third of the small-bowel with one-third of
the mesenteric lymph nodes (n =20), or the distal ileal
third with all of the mesenteric lymph nodes (n = 22), or
the entire small-bowel (n = 23) was interposed after resec-
tion of an equivalent type and length of recipient bowel.
CyA (15 mg/kg) was given to all of these rats for 5 days.
Three additional control groups were not given CyA. The
difference in graft/recipient survival among the groups re-
ceiving CyA and among those not on CyA therapy was
not statistically significant. Antidonor hemagglutinin
titers, the mixed lymphocyte culture (MLC) assay, and
histologic examination of the allograft failed to show a
mitigated rejection reaction for the recipients of jejunal
grafts. The data show that short-term treatment with CyA
prolongs graft survival. Equal doses of CyA, however, did
not lead to prolonged survival of jejunal grafts or alter the
course of rejection in comparison with that for ileal or
whole-bowel transplants.
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It has been suggested that controlling the rejection of
small-bowel allografts is difficult because of the large
quantity of lymphoid tissue within them. Without a doubt
these tissues, consisting of mesenteric lymph nodes,
Peyer’s patches, and submucosal and intraepithelial lym-
phocytes, form a strong immunologic stimulus for the re-
cipient of such a graft to mount a rejection reaction. It is
conceivable that by reducing the quantity of lympho-
leukocytes transferred or by eliminating the lymphoid
tissue of the small-bowel graft entirely, one could reduce
the immunogenicity of the graft and thus mitigate itsrejec-
tion.

Several approaches can be taken to reduce the quan-
tity of lymphoid tissue in allografts. Pretreatment of the
donor with cytotoxic drugs, radiation, or antilymphocyte
serum has been shown to be moderately effective in post-
poning the rejection of renal and cardiac allografts [5, 6,
13]. For intestinal allografts, a reduction in lymphoid
tissue content is also possible if small-bowel segments are
used, the function of which is sufficient to keep the recip-
ient in nutritional balance. It is possible that a jejunal
transplant with a narrow mesenteric pedicle would pro-
vide an immunologic advantage because it contains a
lesser amount of lymphoid tissue than does an ileal trans-
plant or entire small-bowel graft. We previously evaluated
this possibility in an experiment and noted that the rejec-
tion of segmental grafts was slightly more protracted than
was that of whole-bowel grafts, which, in a precipitous
course, led to the recipient’s death from peritonitis.
Whole-bowel grafts were rejected, on the average, 2 days
earlier than segmental grafts (the difference was not sta-
tistically significant) {12]. With the method that we used,
we were unable to detect any immunologic basis for this
minor difference, and thus we considered the toxic effect
of a large, necrotic, rejected graft upon the recipient to be
the cause.

Nevertheless, a minor immunologic advantage may
exist for segmental grafts, especially jejunal grafts, an ad-
vantage that might become apparent in a lesser require-
ment for immunosuppressive therapy to mitigate their re-
jection than is needed for whole-bowel grafts. We
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undertook the present work on the rat model of small-
bowel transplantation in order to evaluate this possibility
and to expand the results of our previous study.

Methods

Animals

We used adult male rats of the inbred Lewis (LEW) and Brown-Nor-
way (BN) strains, weighing 180-220 g. The BN rats served as donors
and the LEW rats as recipients of the allografts. This provides a fully
allogeneic donor recipient strain combination with major locus
histoincompatibility.

Operative technique

Entire small-bowel grafts extending from the ligament of Treitz to
the ileocecal valve, or segmental grafts consisting of either the proxi-
mal third (jejunal segmental graft) or the distal third of the small in-
testine (ileal segmental graft), were harvested on a vascular pedicle
from the BN donors. Of necessity, transplantation of ileal or entire
small-bowel grafts required transfer of the entire mesentery, where-
as jejunal grafts were transplanted with a short mesenteric pedicle,
thus containing fewer mesenteric lymph nodes. Transplantation of
the allograft into the LEW recipient involved end-to-side anasto-
moses between the superior mesenteric artery and the portal vein of
the graft and the infrarenal aorta and the vena cava of the recipient,
respectively. After revascularization of the graft, the native smallin-
testine of the recipient was resected to an extent equivalent to the
length and type of the allograft. The allograft was then interposed in
the gastrointestinal tract of the recipient by means of two end-to-end
intestinal anastomoses, by which gastrointestinal continuity was re-
established.

Experimental groups

Six experimental groups were formed according to the size of the in-
testinal allograft and according to the use or withholding of immumo-
suppressive therapy with cyclosporin A (CyA).

Group 1 (n = 17). The proximal third of the recipient’s small intes-
tine was replaced with a jejunal allograft of equal length. This re-
quired transplantation of only the proximal third of the small-bowel
mesentery.

Group 2 (n =14). The recipient’s ileum (distal third of the small in-
testine) was resected, and an equal length of ileum with the entire
small-bowel mesentery was transplanted.

Group 3(n =11).The recipient’s entire small intestine from the liga-
ment of Treitz to the ileocecal valve was resected and replaced with
an entire small-bowel graft.

None of the recipients in groups 1, 2 or 3 received immunosup-
pressive therapy. Four rats in each group were sacrificed on the 8th

postoperative day to obtain cells for mixed lymphocyte culture
(MLC).

Group 4 (jejunal transplant; n =20), group 5 (ileal segmental graft;
n =22), and group 6 (entire small-bowel graft; n =23) were formed
in parallel to groups 1-3. However, these animals received CyA
(15 mg/kg body weight) administered IM for 5 days. Whole blood
drug levels were monitored by radioimmunoassay. In each group,
four rats were sacrificed on the 8th and four more on the 18th
postoperative day for histologic evaluation of the graft and for the
MLC assay.

Determination of rejection

Complete rejection of the allograft (segmental or entire samli-bowel
graft) was easily determined because it led to the death of the re-
cipient in each instance.

Graft-versus-host reaction (GvHR)

All animals were monitored daily for clinical signs of graft-versus-
host disease (redness of ears, snout, and paws; hair loss; diarrhea).
Spleen, lymph nodes, liver, and host intestine were examined histo-
logically at the time of autopsy or sacrifice.

Histologic examination

The small-bowel graft with its mesentery and lymph nodes, as well as
the recipient’s own mesenteric lymph nodes, spleen, and liver, were
obtained at the time of autopsy or at the time of sacrifice. The speci-
mens were fixed in formalin and prepared for light microscopy with
H & E stain.

Hemagglutinin assay

Antidonor hemagglutinin titers were determined on days 3,6, and 9
postoperatively in rats in groups 1-3 and on days 6, 9, and 12 for
groups 46, Washed BN erythrocytes were incubated for 45 min
with complement-deactivated serum from normal LEW rats as con-
trols and with test serum from the LEW recipients of BN grafts.
After incubation and centrifugation, the titer was read as the highest
dilution at which agglutination persisted.

Mixed lymphocyte culture (MLC)

Lymphocytes from the spleens of LEW recipients and lymphocytes
from the mesenteric lymph nodes of the BN grafts were prepared ac-
cording to standard techniques. The cells were cocultured in 2 one-
way MLC for 4-5 days. Labeled *H thymidine was added, and the
thymidine uptake was determined after 18 h [1,9]. The values
(counts) were expressed as a percentage of the values for control
MLC, which were performed in parallel. The background activity
was 7% 1 1% and the “empty-well” activity was 2% +0.2%.

Statistical analysis

All results were expressed as mean and SEM. The two-tailed Stu-
dent’s r-test was used for the calculation of P values.

Results
Survival (Fig.1)

The recipients of segmental allografts that did not receive
CyA therapy (groups 1 and 2) had a slightly prolonged
mean survival time compared to that of rats receiving en-
tire small-bowel grafts; however, the difference was not
statistically significant (P > 0.05). Rats with jejunal grafts
died after an average of 13.1 +2.1 days, and those with
segmental ileal grafts died after 12.9 +1.3 days. Many rats
with segmental grafts died with the clinical picture of a
small-bowel obstruction, whereas rats that received anen-
tire small-bowel graft (group 3) died after 9.5 £ 0.4 days
from peritonitis.
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Fig.1. Mean survival times of rats with jejunal (0, ileal (8 ), or en-
tire ( @ ) small bowel allografts. The rejection of jejunal grafts was as
rapid as that of ileal or entire bowel grafts. Although CyA therapy
prolongs graft survival significantly, extended survival is not pref-
erentially seen with jejunal grafts

The postopertive course of rats receiving CyA was the
same, irrespective of the type of allograft implanted. After
an initial weight loss during the first 5 postoperative days,
the rats gained weight until the 14th-17th day, when they
developed diarrhea. This was followed by progressive
weight loss and then by death after 24.4 +5.3 (group 4),
27.1+6.1 (group 5), and 24.3 £ 3.9 days (group 6). There
was no statistically significant difference in the average
survival times for these three groups. However, the aver-
age survival time of the rats in groups 1-3, when compared
to that of groups 4-6, was significantly shorter.

Pathohistology

Gross inspection of the intestinal allografts at the time of
autopsy demonstrated that segmental grafts (groups1
and 2) were frequently encapsulated, whereas grafts of
the entire small intestine (group 3) were always necrotic,
causing diffuse peritonitis. Enlargement of mesenteric
lymph nodes, often associated with hemorrhagic disco-
loration, was seen in all grafts.

Histologic study of the grafts and mesentenc lymph
nodes obtained from the untreated rats sacrificed on the
8th postoperative day indicated florid rejection in all
grafts, irrespective of the type and length of the graft used.
Specifically, segmental jejunal grafts, although showing
signs of encapsulation in several instances, did not disclose
consistently fewer rejection changes than did all other
grafts. Extensive infiltration of the mucosa and submuco-
sa, associated with variable degrees of mucosal flattening
and sloughing, was encountered in all grafts. The mesen-
teric lymph nodes and Peyer’s patches showed varying de-
grees of lymphocyte depletion.

Light microscopic study of the allografts of groups 1-3
obtained at autopsy showed severe destruction of the mu-
cosa and infiltration of the bowel wall by leukocytes and
lymphocytes in all animals in all groups (Fig.2). The
mesenteric lymph nodes and Peyer’s patches of the grafts
showed marked lymphocytic depletion and disappear-
ance of the nodal architecture (Fig.3). The bowel wall of
segmental grafts as well as of entire grafts was thinned.
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However, the loops of segmental grafts were frequently
adherent to each other and to the mesentery or to the re-
cipient’s own bowel, thereby becoming encapsulated. The
cellularity and the architecture of the host or lymphatic
tissues (spleen, mesenteric lymph nodes) were normal.

The grafts of rats that received CyA and were sacri-
ficed on the 8th postoperative day did not disclose any evi-
dence of rejection. Histologic study of sections from these
grafts indicated that the mucosal and submucosal archi-
tecture was intact, and that there was no lymphocyte infil-
tration. All grafts obtained on the 18th postoperative day,
however, showed signs of rejection, with sporadic mucosal
sloughing, lymphocytic infiltration of the submucosa, and’
edema of the bowel wall (Fig.4). Mesenteric lymph node
enlargement, which was seen macroscopically, was paral-
leled histologically by varying degrees of lymphocyte infil-
tration and depletion (Fig. 5).

On postmortem macroscopic evaluation of the allo-
grafts of the rats in groups 4-6 that died of rejection, graft
encapsulation, stenotic segments, and enlargement of the
mesenteric lymph nodes were evident. Peritonitis was
present in all of these animals. Histologic study demon-
strated loss of mucosa, submucosal fibrosis, and thicken-
ing of the bowel wall in all grafts, irrespective of their
length or type.

GvHR

No clinical signs of graft-versus-host reactions were seen
in any of the animals, regardless of the type and length of
small bowel transplanted. Histologic examination of host
liver, spleen, lymph nodes, and intestine revealed no evi-
dence of GVHR (periportal lymphocytic infiltration, de-
pletion of lymphoid cells, and loss of architecture, muco-
sal, or submucosal cell infiltration).

Hemagglutinin titers

In all six groups, the hemagglutinin titers were normal (up
to 2%) on the 3rd postoperative day. In rats not receiving
immunosuppressive therapy with CyA, the titers were
elevated to 28 and 2'° on the 6th and 9th postoperative day,
with no difference among the groups 1-3. CyA therapy
delayed the rise in hemagglutinin titers. However, the
titers were elevated on the 12th day in all treated rats, irre-
spective of the type of allograft implanted (Fig.6).

Mixed lymphocyte culture

Cells harvested from graft lymph nodes on the 8th post-
transplantation day, when incubated with normal LEW
lymphocytes, elicited strong stimulation in the one-way
MLC for groups 1 and 3. There was no difference with re-
spect to the type of allograft transplanted. The MLCs for
rats with ileal grafts were unsuccessful because the mesen-
teric lymph nodes could not be separated in a sterile
fashion from the encapsulated intestine; this led to bac-
terial contamination of the MLC.
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Fig.5 A, B. Photomicrographs of mesenteric lymph nodes from a A
jejunal allograft and an B ileal allograft harvested on the 18th post-
operative day after a short course of CyA therapy. Nodal enlarge-
ment and lymphocytic depletion with loss of nodal architecture have
occurred. The arrow indicates the capsule of the node ( x 80)

In contrast to the findings in groups 1 and 3, virtually
no stimulation in the one-way MLC was seen when
mesenteric cells of the allografts were harvested on the 8th
post-transplantation day from recipients that had re-
ceived immunosuppressive therapy. The stimulatory
index, although still suppressed, rose to 27%-38% when
the cells were harvested on the 18th post-transplantation
day, 13 days after cessation of CyA therapy and, on the
average, 6 days prior to the recipient’s death. This indi-
cates that allogeneic BN lymphocytes continued to be
present in the lymphoid tissues of the graft on the 18th
postoperative day. No difference in stimulation was seen
with regard to the type and length of the intestinal allo-
graft implanted. These findings are illustrated in Fig. 7.

Discussion
With regard to future clinical small-bowel transplanta-
tion, several factors enter into the decision-making pro-

cess as to the type and length of bowel graft to be used.

-
w

Fig.2 A, B. Histologic appearance of an untreated A jejunal and B
ileal allograft at the time of rejection (13th postoperative day). In
both graft specimens, there is extensive cellular infiltration of the
bowel wall and mucosal sloughing ( x 43)

Fig.3A, B. Photomicrographs of mesenteric lymph nodes from an
untreated A jejunal and B ileal allograft obtained at the time of au-
topsy. Lymphocyte depletion and loss of nodal architecture are pres-
entin both graft nodes ( x 85)

Fig.4 A, B. Histologic appearance of a A jejunal and an B ileal allo-
graft obtained on the 18th postoperative day from rats receiving
short-term CyA therapy. Submucosal infiltration with sporadic
mucosal sloughing, and edema and fibrosis of the bowe! wall are
present. There is no difference in appearance between the jejunal
and the ileal allografts ( x 55)

Clearly, transplantation of the entire small bowel would
be the best possible solution for the patient with short-gut
syndrome. Several factors counteract the advantage of
transplanting an entire small bowel, which would provide
the patient with normal absorptive capacity. First there is
the limited space available in the abdominal cavity of a re-
cipient, which might not accommodate an entire bowel
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" Fig.6. Lewis anti-BN hemagglutinin titers obtained on the 3rd, 6th,
and 9th postoperative days in rats not given CyA and on the 6th, Sth,
and 12th postoperative days in those rats receiving CyA in a 5-day
course. In rats without immunosuppressive therapy, the titers were
elevated on the 6th and 9th postoperative days. There was no dif-
ference in the titer levels for the various groups. CyA delayed the
rise in hemagglutinin titers-to the 9th postoperative day in all three
groups, irrespective of the type of allograft implanted. O, Jejunum;
,ileum, @ entire small bowel
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Fig.7. Stimulation of LEW (recipient strain) thymocytes induced by
BN lymphocytes prepared from mesenteric nodes. Stimulation is ex-
pressed as percentage of control value. Mixed lymphocyte cultures
were performed in parallel. The stimulation index was pronounced
on the 8th postoperative day (1-3 days prior to recipient death) in
group 1 and group 3 rats. CyA treatment suppressed cellular im-
mune response completely on the 8th and markedly on the 18th post-
transplantation days (13 days after cessation of CyA). There was no
difference in stimulation among the groups. O, Jejunal grafts; §,
ileal grafts B, entire bowel grafts

graft; second, the availability of an entire bowel graft from
cadaver donors only and not from living related donors;
and third, the possibility that an entire bowel graft with its
large amount of lymphoid tissue might induce a vigorous
rejection reaction, or even graft-versus-host disease,
which might be difficult to control by immunosuppressive
therapy. In contrast, segmental grafts are more likely to fit
into the recipient’s shrunken abdominal cavity. Besides,
segmental grafts can be obtained from living related as
well as cadaver donors, and, if they are long enough, seg-
mental grafts provide sufficient absorptive. capacity to
maintain the recipient’s caloric nutritional balance while
providing for the transfer of a smaller quantity of lym-
phoid tissue, which might induce a lesser rejection reac-
tion than would an entire small-bowel graft.

Our study did not provide evidence that segmental
grafts have an immunologic advantage over entire bowel
grafts. Orthotopically placed segmental intestinal grafts
were rejected as rapidly as were entire allografts. Further-
more, a short course of CyA, although effective in pro-
longing the survival of the recipients of any type or length
of intestinal allograft, did not lead to longer survival for
the recipients of jejunal grafts than for those of ileal grafts.

In the fully allogeneic rat strain combination used, no
signs of GVHR were seen. Previous work has shown that
the development of lethal GVHR in this strain combina-
tion (BN to LEW) requires the transplantation of a graft
from a sensitized donor into an immunocompromised
host [11]. However Diflo et al. [3] demonstrated a tran-
sient period of graft-versus-host disease in the same strain
combination (with only a 1-day prolonged immunosup-

pressive therapy with CyA) 4-6 weeks after transplanta-
tion. All animals recovered and survived for more than
100 days. This shows that there seems to be a balance be-
tween rejection reaction and GvHR, with a predomina-
tion of rejection reactions. It remains unclear to what de-
gree a GVHR has to be anticipated in human small-bowel
transplantation.

Deltz [2], who also used the rat model of small-bowel
transplantation, noted that recipients of segmental jejunal
grafts survived for longer periods than did the recipients
oflonger or entire small-bowel grafts. Deltz used a semial-
logeneic rat strain combination that may be associated
with a less vigorous rejection reaction than that seen in the
fully allogeneic combination. It is more likely, however,
that the difference in survival between the recipients of
segmental and entire bowel graftsis the result of the meth-
odology used. Deliz conducted the experiments in a he-
terotopic accessory intestinal transplantation model in
which the recipient is not dependent for nutritional sur-
vival upon the functional performance of the allograft; the
recipient may survive even though graft rejection is com-
plete. Under these circumstances, the development of an
abdominal mass can be used as an indicator of graft rejec-
tion, but this is a subjective and insensitive method [7].

The use of the orthotopic small-bowel transplantation
model avoids the problem of relying on a subjectively
defined parameter. Since an orthotopic intestinal allograft
is in continuity with the recipient’s gastrointestinal tract, it
must be functional and intact if the recipient is to survive.
Rejection invariably leads to necrosis and/or fibrosis of
the graft and to the death of the recipient. Even in the
orthotopic transplantation model, fibrosis and encapsula-
tion of the graft sometimes do not interfere as instanta-
neously with the recipient’s survival as does necrosis of the
graft. We noted this with segmental grafts, the rejection of
which was often associated with encapsulation and which
led to a marginal, not statistically significant, prolongation
of recipient survival (when groups 1 and 2 were compared
with group 3).

We evaluated two immunologic parameters as well as
histologic changes as indicators of graft rejection. The
measurement of recipient antidonor hemagglutinin titers,
which provide a well-defined humoral parameter related
to the immunologic events taking place in the recipient,
failed to demonstrate any difference among ileal, jejunal,
and entire allografts, regardless of whether CyA was ad-
ministered or withheld. Furthermore, when we used the
one-way MLC assay, lymphocytes, irrespective of their
origin from jejunal, ileal, or entire bowel grafts, were
equally stimulatory for LEW lymphocytes. The stimula-
tory capacity of graft lymphocytes obtained on the 8th
postoperative day from rats that had received CyA wasre-
duced, probably as a result of a CyA-induced alteration of
the graft lymphocyte and macrophage populations [10].

Finally, histologic evaluation of biopsy specimens and
of autopsy material failed to demonstrate any difference
in the processes of rejection of the bowel grafts among the
groups.

There was a good correlation between the immuno-
logic parameters, the results of the histologic evaluation,
and the clinical course of the rejection of the allografts. In



each instance, a delay in rejection and a prolongation of
survival were paralleled by a delay in the development of
the recipient’s antidonor antibodies and of the stimulatory
capacity of the donor lymphocytes residing within the al-
lograft.

Which segment of the small intestine (jejunum or
ileum) might be more suitable for harvesting and trans-
plantation is an unresolved issue. From the point of view
of organ procurement, a distal small-bowel graft is more
readily obtainable from living related and from cadaver
donors. In terms of absorptive capacity and reserve, ileal
grafts would be preferable to jejunal grafts. Many investi-
gators have found that distal (ileal) resections are more
deleterious than are proximal (jejunal) resections, a find-
ing that would also indicate that ileal rather than jejunal
grafts should be used (4, 8, 14). It has been shown re-
peatedly that the ileumn has a vast functional reserve and is
capable of providing adequate absorption of carbo-
hydrate, protein, and fat if the jejunum were to be lost. In
addition, the ileum has the specific capability to absorb
bile acids and vitamin B12.

Our study indicates that the immunogenicity of a
jejunal allograft is as strong as that of an ileal or entire
small-bowel allograft. The reduction in the amount of
lymphoid tissue that can be achieved with use of a jejunal
versus an ileal allograft is insufficient to be reflected in
prolonged survival of graft and recipient or as a less pro-
nounced alteration of immunologic parameters. The fact
that renal and cardiac allografts transplanted within the
same donor-recipient rat strain combination are also re-
jected between 9 and 13 days post-transplantation seems
to indicate that the immunogenicity of organ grafts, even
with a minimal amount of lymphoid tissue, such as the
heart and kidney, is sufficient to induce their rapid rejec-
tion. It appears that the organ graft’s own immunoge-
nicity, aided by a small number of passenger leukocytes,
stimulates the recipient’s immune processes to a maxi-
mum. A reduction in the immunogenicity of organ grafts
cannot be achieved by a mere reduction of their load of
lymphoid tissue unless such a reduction is complete or
nearly complete. It is quite possible that, in addition to
removal of the lymphoid tissues, other immunogenic
properties of the intestinal allograft (class I and II anti-
gens) must be altered or eliminated before graft rejection
can be mitigated.
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