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Refined methods of islet cell purification have led to
unprecedented success of islet cell allotransplanta-
tion via portal vein infusion in diabetic patients,
resulting in marked reduction of exogenous insulin
requirements and recently even insulin indepen-
dence. The authors report the bistologic findings of
islet cell allografts in the liver of four patients who
bad undergone combined kidney-islet or liver-islet
transplantation. Islet cell clusters were detected in
subcapsular location at the edge of portal triads. The
carly post-transplant period was characterized by
hatchy mixed portal infiltrates. Only minimal in-
flammation but decreased islet cell granulation was
observed in one patient 6 months after transplanta-
"on. As histologic detection of transplanted islet cells
hecomes available, additional parameters for evalu-
atlon of graft survival might be defined by morpbo-

logic assessment. (Am J Pathol 1992, 140:1255-
1260 )

Oespite successful treatment with exogenous insulin di-
betic patients suffer from a myriad of long-term compli-
=alons other than deranged blood sugar concentrations.
Ths hag Sustained efforts to transplant pancreatic islets
“™hef in the form of complete or segmental pancreatic
"logratts or as purified islet cell isolates. "2 Since full or-
23“ Pancreatic transplantation is associated with consid-
*able morbidity and mortality, the low risk procedure of
Set cell transplantation is an attractive alternative and
conducted experimentally for years. Until re-

c"""Y_- the main obstacles to long-tem success have
":_lﬂﬁdem yield of functional islets and allograft re-
RC8N.3-7 Within the last 2-3 years, refined purification

techniques and better control of rejection have led to a
number of successful transplants in type | insulin depen-
dent diabetics with some patients achieving insulin inde-
pendence.”'® At our own institution. treatment with the
powerful immunosuppressive agent FK506 has contrib-
uted to successful islet cell transplantation in patients re-
ceiving multiorgan transplants after upper abdominal ex-
enteration.''~"3 During the past year an additional num-
ber of patients with type | insulin-dependent diabetes
mellitus received islet cell transplants simuitaneously with
either fiver or kidney allografts. Graft survival in these pa-
tients is further complicated by potential recurrence of the
primary disease similar to that reported in patients receiv-
ing pancreas allografts.'* To date, histologic examination
of successful islet cell transplants has been largely con-
fined to animal studies.'>'” Little is known about mor-
phologic findings in human islet cell transplantation via
portal vein infusion, which could potentially add valuable
information in addition to functional assays. In four of our
patients, liver biopsy specimens or autopsy tissues con-
taining islet cells were available and the histologic find-
ings are presented in this study.

Patients and Methods
Tissues

Liver tissue was examined from one needle biopsy taken
at 14 days post-transplant, one wedge biopsy taken 2
days post-transplant and two entire organs obtained at
autopsy 5 days and 6 months post-transplant, respec-
tively.

Immunohistochemical Techniques

Immunohistochemical stains were performed on forma-
lin-fixed, paraffin-embedded tissue using the avidin-
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biotin complex (ABC) method as described by Hsu.'® A
panel of antibodies was used with antibodies directed
against insulin, glucagon, chromogranin (all Biogenex.
San Ramon, CA), UCHL-1 (DAKO, Santa Barbara. CA),
and LN3/HLA-DR (Biotest Diagnostics, Denville. NJ) as
summarized in Table 1.

Patients

All patients underwent islet cell transplantation via portal
vein infusion as previously described. '? Each patient re-
ceived purified isolates prepared from one or two donors
as previously described.'®? In addition, two of the pa-
tients received a cadaveric renal transplant and the other
two received liver transplants. Immunosuppression was
achieved with FK506 and variable amounts of pred-
nisone in all patients. Details of the clinical course and
islet cell function of all four patients are published as part
of a larger series of 22 patients receiving islet cell aliot-
ransplantation.®'

Case 1

A 48-year-old man was admitted with end-stage liver
disease due to alcohol abuse and a history of upper Gl
bleeding. In addition he had been an insulin-dependent
diabetic requiring four daily injections ranging from 40 to
80 units of insulin. He underwent orthotopic liver trans-
plant and simultaneous islet-cell transplant with islets pre-
pared from one donor pancreas. Fourteen days after the
operation, a liver needle biopsy was done to evaluate the
liver allograft; 6 months after the combined transplant he
died of hepatitis B and sepsis. No postmortem tissue was
available for additional studies.

Case 2

A 34-year old man was admitted with end-stage renal
disease secondary to diabetes meliitus. He underwent
cadaveric renal transplant and simuitaneous islet-cell
transplant with islets prepared from pancreas of two do-
nors. Postoperatively, he was taken to the operating room
again for evacuation of a perinephric hematoma. A liver
wedge biopsy was done at the same time. Since the

Table 1. Specificity, Working Dilution, and Source of the
Antibodies Used in the Study

Antibody Dilution Source
anti-insulin 1:.1067 Biogenex
anti-glucagon prediluted  Biogenex
anti-chromogranin 1.320 Biogenex

UCHL-1 (anti-CD45R)  1:10 DAKO

LN3 (anti-HLA-DR) 1.5 Biotest Diagnostics

amount of islet cells he had received initially wag consg
ered suboptimal, an additional 1solate from a thirg

was infused 5 days later. To date, he stili requires 1g unds
of insulin per day; however, this represents an 80% re
duction compared with pretranspiant requirements

Case 3

A 46-year-old man was admitted with end-stage reng,
disease secondary to diabetes mellitus. He underwery
cadaveric renal transplant and simultaneous islet trans.
plant with islets prepared from one donor pancreas
Three days after transplant he suffered an episoge of
aspiration with prolonged cardiac arrest. He was trang
ferred to the intensive care unit, and immunosuppression
was stopped. He did not recover and died 5 days after
transplant. An autopsy was performed, which showeq
diffuse alveolar damage and early focal bronchopney.
monia but no cardiac findings, specifically, no myocarg.
al infarction could be found. Other findings are describeq
under Results.

Case 4

A 31-year-old woman was admitted with end-stage
liver disease secondary to cystic fibrosis. In addition she
had a history of diabetes mellitus, diagnosed at age 15,
She underwent orthotopic liver transplant and simulta-
neous islet-cell transplant with islets prepared from pan-
creas of two donors. Blood obtained during the operation
before infusion of islets revealed high levels of C-peptide,
indicating endogenous insulin production and therefore '
an insulin resistant form of diabetes mellitus. There was
no significant reduction of insulin requirements, and she
had multiple complications in the months after transplan-
tation, including renal failure, marginal respiratory func-
tion, and multiple infections. She died with clinical signs
of sepsis 9 months after transplant at an outside hospital,
where permission was granted for an autopsy. Blocks
from formalin-fixed, paraffin-embedded liver tissue ob-
tained at autopsy were sent to our institution for analysis.

Results

In all patients, islet cells were found predominantly in a
subcapsuiar iocation. In the first two patients that under-
went liver biopsies, only insulin and glucagon stains were
performed. In patient 1, anislet cluster was situated atthe
edge of a portal triad (Figure 1). The infiammatory infil-
trate consisted predominantly of neutrophils and did not
seem to be particularly concentrated around this cluster
but was scattered diffusely throughout the triads that
were visualized during the biopsy.
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Figure 1. Immunoperoxidase stain for msulin in luer-needle bi-
opsy specimen from patent 1. obtained 14 dans after combined
liver-istet transplantation The darkby staming cell cluster at the
edge of a portal triad represents islet cells engrafted within a small
a venule The predommanth neutropbihic mfiltrate reflects the
clinical state of sepsis at the time and was seen i other trads that
did not contan islets ( X 350)

The second patient showed an intraportal thrombus
composed of a cluster of cells and some fibnn strands,
consistent with engrafting islet cells (Figure 2). The clus-
ter was seen on the initial H&E stained section and was
lost on deeper cuts stained with anti-insuiin. An attempt at
performing immunoperoxidase staining on the original
slhide was unsuccessful. most likely due to destruction of
the epitope by the preceding destaining procedure. A
second triad in this biopsy showed loosely cohesive cells
surrounded by a dense infiltrate of lymphocytes and
macrophages similar to the infiltrates observed in the
third patient (Figure 3) except for the additional presence
of scattered eosinophis. No staining for insulin was ob-
served on deeper sections.

In the liver obtained from the third patient at autopsy.,
slet celis were identified morphologically in aimost every
section from the anterior inferior edge. All blocks on which

2. High-power 11eu’ of liver-uedge biopsy specimen from

T‘L:m‘ 2, obtained 2 days afier combned kidnev-isiet ransplant

hqucells within the portal vein. accompanied by some

foviss Srands, most likely represenuss an islet cell “thrombus.” A

‘hm' mononuclear is present. The arteriole in the triad
changes of diabetic arveriopatby (HGE. X 350).
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immunoperoxidase staining was performed demon-
strated islet cells containing insulin granules, mostly lo-
cated within the portal triads (Figure 3a). Approximately
20% of cells within the same cluster stained positive for
glucagon (not shown). An occasional single insulin-
containing cell was detected within the lobule along the
sinusoidal lining. Approximately half of the islet clusters
were associated with a mild predominantly lymphocytic
infiltrate. The other half was associated with a dense
mixed infiltrate of lymphocytes, macrophages. and few
eosinophils (Figure 3b.c). Most of the lymphocytes
stained positive with the T-cell marker UCHL-1. Although
a fair number of lymphocytes were aiso positive for HLA-
DR, this rather signifies activation of T cells than B-cell
origin. Some of the strongly HLA-DR positive histiocytic
cells showed dendritic morphology and possibly repre-
sent antigen-presenting cells. Several clusters of loosely
cohesive cells did not stain with any of the antibodies and
could represent acinar cells from the allograft cell sus-
pensions. A PAS stain after diastase digestion was neg-
ative, but this could simply refiect degranulation of zy-
mogen granules. Alternatively, these cells could be mui-
tinucleated, foreign body giant cells in response to
celluiar debris trom acinar cells or minute particles such
as plastic flakes from culture flasks generated during the
islet purification procedure. The allograft kidney showed
moderate patchy lymphocytic infiitrates in interstitial and
perivenular location, consistent with early acute celiular
rejection.

The largest cohesive clusters were found in the liver of
the fourth patient. Agamn, clusters were situated preferen-
tially along the anterior inferior edge of the liver and mi-
croscopically at the edge of the portal triad. Staining for
insulin was only weakly positive and indicates degranu-
lation which correlates with the clinical situation of hyper-
alimentation and sepsis at the time of death. Staining of
deeper sections with antiglucagon showed scattered
positive cells and confrmed the endocrine nature of the
cell clusters. As in the triad shown in Figure 4. inflamma-
tion was minimal and consisted of occasional small lym-
phocytes. The allograft liver did not show any signs of
acute or chronic rejection.

Discussion

Isiet-cell transplantation traditionally has been monitored
by production of C-peptide and blood glucose levels. As
with other allografts, however, histologic fingings may not
always correlate with functional parameters and could
possibly add valuabie information to guide clinical man-
agement. One of the first crucial steps is cormect tissue
sampling and the small senies presented in this study
indicates that the antenor infenior edge of the liver is a
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Figure 3. A=C: Section of liver from panent 3, obtained at autopsy 5 davs after combined kidney-islet transplant. A: Islet cell cluster uwub
npical granwdar cytoplasmuc staining for insulin (anti-insulin immunoperoxidase. X 350). B: Identical area stained for activated T-cell
marker. Most of the small round lymphocytes are positive The cell clusters indicated by arrouheads could represent foreign body giant cells
clearing up cellular detms from acinar cells or other noncellular contaminants generated during the isolation procedure (UCHL-1 immu-
noperaxidase. X350} C: Identical area stained for class Il antigen. Several strongly positive histiocvic cells with denditic cvioplasmic
projections could represent antigen presenting cells. Many small lmphocytes also stan positive, indicating Tcell activation rather than B-cell
lineage (anti-HIA-DR LN 3 immumoperoxtdase. % 350) D: Section of allograft kidney from same patient. showing a patchy, mild to moderate
lympbocytic infiltrate. consistent uith early acute cellular rejection (HEE. X 140).

preferential location for isiet cell engrafting. The same ob-
servations are being reported in two other patients who
had undergone islet cell transpiantation after upper ab-

-t

Figure 4. Section of liver from patient 4, obtained at autopsy 9
monibs after combined liver-isiet transplant. Several clusters of islet
cells, outlined by arrouveads. statn onh' weakly with insulin. No
significant inflammatory mfiltrate is visible (anti-insulin immuno-

peraxidase, % 350).

dominal exenteration and liver replacement'?'? and
leave little doubt as to where sampling should be per-
formed. These findings are similar to intraportal islet cell
transplants in rats and dogs, which also resulted in pre-
dominantly subcapsular location of endocrine ceils.'S'?
In our material islet cell clusters were mostly confined to
locations within and at the edge of portal triads, whereas
only rare single subsinusoidal insulin positive cells were
observed within the lobule. In canine autografts. most of
the reported microscopic findings are similar with the ex-
ception of slightly more numerous endocrine cells within
the lobuie.’” This could reflect subtle differences in the
dispersion of islets during the purification procedure and
could result in altered function and survival of a small
subset of grafted celis. The fact that islet cells could even
be found on a liver needle biopsy from one of our patients
suggests that large numbers of islets do survive the
transplantation procedure. Even in the immediate post-
transplant period inflammation around the islet cell
thrombi can be minimal as in our second patient and
insulin stains are heipful for detection of small islet clus-
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ters. In our hands the stain for insulin was consistently
more intense than for chromogranin and is preferred as a
survey stain. Glucagon-secreting celis could be demon-
strated in larger islet clusters in the third and fourth pa-
tient. Small clusters were usually lost on deeper cuts. The
intense portal inflammation which was seen 2 and 5 days
post-transpiant in some triads of the second and third
patient is likely to be a reaction to nonisiet cell contami-
nants such as acinar cells. soft tissue and hematolym-
phoid elements. Our own studies on the composition of
islet-cell isolates have revealed that even the most highly
purified preparations contain approximately 10-20%
other cell elements and can be as high as 60%.22 Islet
cells have been shown to engraft in a great variety of sites
such as forearm muscle. omentum, pentoneum, spleen.
kidney.' 4% but the liver has emerged as an especially
favorable location once the infusate was reduced to such
a low volume as to prevent portal hypertension. A signif-
ipant change of portal vein pressure was not observed in
any of the four patients. although islet-ceil thrombi could
be demonstrated histologically. The portal inflammation
as seen in the second (not illustrated) and third patient, 2
and 5 days. respectively, after islet-cell infusion, could
represent cleanng up of degenerating acinar and other
transplanted non-islet celis. Nevertheless. an additional
component of early celiular rejection cannot be ruled out
in the third patient, especially since immunosuppression
had been withdrawn 2 days before the patient's death
and changes consistent with early celiular rejection were
found in his allograft kidney (Figure 3d). Despite the pro-
nounced inflammation in many triads, islet cells appear
well granulated and clinically no exogenous insulin was
féquired to maintain normal biood glucose levels on the
day of the patients death. Mononuclear infiltrates within
slet cell clusters such as described in rejection of whole
organ pancreas transplants (isletitis) were not seen.'
More material needs to be studied to determine morpho-
logic corretates of rejection more accurately. in the fourth
Patient, the weak staining of islet cell clusters for insulin
(Figure 4) is interpreted as excessive degranulation
which correlates with the clinical situation of insulin resis-
'ant diabetes and parenteral hyperalimentation, both of
which chronically stimulate sustained insulin release. De-
Qenerative changes such as described in falled canine
'Slet grafts were not observed.'” Although the patient did
Not benefit from the islet transplant, the findings docu-
f“em the long-term survival of morphologically intact al-
0graft isiets in sufficient numbers to be detected on his-
ologic examination. In summary, the early posttransplant
Penoa in diabetic patients receiving a combined kidney-
'Siet or ver-islet allograft is characterized by focal portal
Mammation consisting of lymphocytes, macrophages,
ad occasiong) easinophils, which probably represents
Clean-up of decaying nonendoctine allograft compo-
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nents and cannot be reliably distinguished from early re-
jection at this point. Findings 6 months after transplanta-
tion included large islet clusters at the edge of portal tri-
ads with no or minimal inflammation and only weak
granulation. As more material becomes available for his-
tologic examination, morphologic findings might provide
valuable information for prognosis and management of
isiet transplant recipients.
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