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Abstract
We have employed recently developed techniques in T-cell culturing to study the nature and
function of infiltrating hepatic allograft T cells. Using the rationale that intragraft T cells are
activated during cell mediated damage to the allograft, we were able to show that these cells
would propagate and remain functionally active in the presence of the T-cell growth factor, IL-2.
In several instances, phenotypic analysis of cells grown in this manner was very similar to that
found within the graft. Both proliferative and cytotoxic responses could be detected from the
cultured cell lines. The majority of the proliferative responses were donor-directed and
immunogenetic analysis could define donor-directed HLA reactivity, to either class I or class II
antigens, or both. Monoclonal anti-HLA antibodies inhibition profiles verified the apparent HLA
reactivity. In a smaller percentage of cases, only IL-2 responsiveness could be detected, and no
HLA reactivity could be determined. Cytotoxicity could be detected against both class I and class
II antigens, however, those cells which demonstrated a greater magnitude of donor-directed
cytotoxicity appeared to be directed against class I antigens. A significant correlation between
donor-directed proliferation of biopsy cultured lymphocytes and cellular rejection was found. This
model appears to be useful in delineating functions of the intragraft T-cell population during
rejection.

Introduction
Hepatic allograft transplantation has become an accepted form of therapy for treatment of a
variety of life-threatening liver diseases [1–4]. The indications for this procedure range from
end-stage liver failure, due to a variety of causes, to patients with inborn errors in
metabolism and hepatic malignancy. The success of this procedure has been well
documented. With the advent of cyclosporine immunosuppression, 60–70% 5-yr survival
rates are being achieved [1]. Rejection continues to be a major cause of graft dysfunction, in
spite of technological and immunosuppressive advances [1,4].

While little is known about the immunobiology of hepatic rejection, several observations
point out possible differences from other allograft rejection models. The ability to transplant
cadaveric livers in spite of a positive lymphocytotoxicity cross-match and across ABO
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incompatibilities highlight possible differences in allorecognition [5,6]. Whether this reflects
the unique anatomic architecture of the liver, or whether there are differences in the
expression of alloantigens, is not known. Several studies have demonstrated disparity of
expression of class I and class II MHC antigens on normal liver vasculature when compared
to other vascularized organs [7,8].

While most current models of allorecognition and subsequent rejection assign T
lymphocytes a central role [9], little is known regarding the function of these cells or their
contribution to the severity of graft rejection. Immunohistochemical staining of organ
transplant tissues with monospecific cell surface marker antibodies has given conflicting
data on the CD4 and CD8 markers1 of infiltrating T cells [11–14]. These studies have other
limitations: (i) inability to correlate cell surface markers with functional characteristics of
the cells in question, and (ii) presence of “irrelevant” mononuclear cell infiltrates in the
absence of clinical rejection within the allograft [15,16]. Several models have therefore been
advanced to study the functional characteristics of infiltrating graft cells and their role in
rejection. In vitro functional assays of enzymatically isolated lymphocytes from rejected
organs have demonstrated allospecificity [17]. The sponge-allograft model has been
employed to study the kinetics of graft infiltration [18,19]. Recent advances in T-cell culture
technology have enabled the propagation and expansion of activated T cells from allograft
biopsies. Kim et al. have shown that cloned noncytotoxic T-cell lines from mouse skin
allografts could mediate rejection when reinjected into naive animals [20]. Both Moreau et
al. [21], and Mayer et al. [22], have described isolation of functionally active allospecific
human T-cells lines propagated from either percutaneous biopsies or rejected renal grafts.
We have recently described the allospecificity of T cells grown from serial endomyocardial
biopsies from heart allograft recipients, and demonstrated both class I and class II HLA
recognition [23].

We are interested in understanding the mechanisms of allorecognition and hepatic rejection.
Because immunologic monitoring of peripheral blood has limitations in these patients [24],
we have routinely obtained liver core biopsies during an episode of hepatic allograft
dysfunction for histologic confirmation of cellular infiltration. Utilizing T-cell culture
techniques, we report the functional characterization of expanded T cells from these
biopsies.

Materials and Methods
Source material

Samples of hepatic allografts were obtained from clinical material taken from percutaneous
liver biopsies, intraoperative liver biopsies, or allograft hepatectomies. The patient profile is
shown in Table 1. All transplant recipients were placed on post-operative intravenous
cyclosporine A and steroids, as maintenance immunosuppression. Indications for sampling
were derangements in liver function tests and bile composition via T-tube drainage from the
allograft [25]. All material was taken in a sterile manner for propagation of infiltrating cells
and for histologic evaluation.

Histology
Samples sent for histology were sectioned and stained with (i) hematoxylin and eosin, (ii)
reticulin, and in several instances (iii) immunohistochemical stains, e.g., anti-T cell, anti-B

1The nomenclature CD3, CD4, and CD8 refer to T3, T4, and T8, respectively, according to the 1984 report by the Committee on
Human Leucocyte Differentiation Antigens: IUIS/WHO Nomenclature Subcommittee [10].
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cell, and anti-DR. These slides were then evaluated in a blind manner by one of us (J.D.)
using previously defined criteria for liver rejection [25–28].

Panel cells
Lymphocytes were obtained either by mechanical disruption of donor spleens, obtained
during organ procurement, or from peripheral blood from normal healthy adult volunteers.
Cells were isolated by centrifugation over a Ficoll-Hypaque gradient (sp gr 1.077) (Ficoll-
Paque, Pharmacia, Piscataway, NJ) and washed several times with Hank's Balanced Salt
Solution (B&B/SCOTT, Fiskeville, RI). Viability was determined with trypan blue and the
cell aliquots were frozen in 20% human AB serum and 20% dimethyl sulfoxide, and stored
in liquid nitrogen. EBV-transformed lymphoblastoid cell lines (LCL) were prepared from
donor splenocytes using Epstein-Barr virus and cyclosporine A [29]. PHA-transformed
lymphoblast cultures were prepared by incubating lymphocytes with phytohemagglutin-M
(PHA) (DIFCO, Detroit, MI) for 4 days prior to use.

Generation of lymphocyte cultures from liver samples
Percutaneous and intraoperative core liver biopsies were divided into several smaller
fragments, generally 4–12 in number. Allograft hepatectomy samples were similarly
sectioned but the yield was substantially greater and a total of 96 fragments were processed.
For purposes of this paper, all liver samples will be designated as “biopsy.” All fragments
were individually placed into 100 μl tissue culture medium (TCM) supplemented with 100
μl recombinant IL-2 (Sandoz Pharmaceuticals, Basel) (final dilution 1:10,000) in 96-well
microculture plates (COSTAR, Cambridge, MA). TCM consisted of RPMI-1640 (B&B/
SCOTT), supplemented with 10% normal human AB serum, 4 mM L-glutamine, 24 mM
HEPES buffer, and 60 μg/ml of gentamycin sulfate (GIBCO, Chagrin Falls, OH).

Liver sample cultures were incubated at 37°C in a humidified 5% CO2 atmosphere. After 3–
4 days culture, supernatants were replenished with fresh TCM supplemented with
recombinant IL-2. The cultures were observed daily on an inverted stage microscope for
cellular outgrowth. When growth was observed, the contents of the wells were pooled and
transferred into 24 well culture plates (COSTAR) and again supplemented with IL-2 and
TCM. After approximately 2 weeks, sufficient cells were obtained for functional and
phenotypic studies as well as for further propagation.

Primed lymphocyte testing (PLT)
The PLT activity of lymphocyte cultures grown from liver samples was measured in 3-day
proliferation assays, as previously described for alloreactive T-cell clones [30,31]. Prior to
testing, the lymphocyte cultures had not received IL-2 for 3 days. This was necessary to
reduce background proliferation of these cultured cells. In each PLT assay, 5 × 103 cultured
cells were incubated for 72 hr with 10% AB serum, IL-2, or 5 × 104 irradiated stimulators
(2000R) in 96-well round bottom microculture plates with TCM in a final volume of 200 μl.
During the final 20 hr of incubation, each culture was pulsed with 1 μCi of 3H-thymidine
(specific activity, 20 mCi/mmol, New England Nuclear Products, Boston, MA). The cultures
were harvested with a multiple sample harvester (Skatron, Inc, Sterling, VA) and uptake
determined by liquid scintillation counting (LKB, Gaithersburg, MD).

PLT inhibition with monoclonal antibodies (MoAb)
Inhibition of proliferation of bulk cultured biopsy T cells to irradiated donor lymphocytes,
by monoclonal anti-class I and anti-class II antibodies, was accomplished according to
previously described methods [32]. Briefly, the same number of stimulator and responder
cells as for PLT, in 100 μl TCM, were coincubated with 100 μl of various MoAbs. The
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following MoAbs, with their corresponding HLA molecular specificity, were used: SG157
(anti-DR) and SG465 (broad anti-class II) (S. Goyert and J. Silver [33]); L243 (anti-DR) and
Leu 10 (anti-DQw1 + w3) (Becton Dickinson, Mountain View, CA [34–36]); and PA2.6
(anti-HLA-A,B,C) (P. Parham [37,38]). The PLT activity was measured in a 72-hr assay as
described above.

Cell mediated cytotoxicity (CML)
The CML activity of lymphocyte cultures grown from liver samples was measured in 4-
hr 51Cr release assays, according to previous descriptions for alloreactive T-cell clones [31]
with slight modifications as noted. Briefly, targets were 4-day PHA stimulated spleen cells
(class I targets) or EBV-transformed spleen cells (class I and II targets) from the donor or
other HLA-typed panel cells (LCL). An effector:target ratio of 10:1 was used to measure
release of labeled chromium from 2 × 103 labeled target cells. A measured aliquot of
supernatant was mixed with a high-efficiency aqueous compatible scintillation counting
mixture (READY-SOLV HP/b, Beckman Instruments, Fullerton, CA) and counted in a
liquid scintillation counter. The percentage of CML expressed was calculated from a
formula which represents a ratio of experimental to total (determined by Iriton-X
release) 51Cr release (subtracting spontaneous release) [32].

Cell surface phenotypic analysis
Lymphocytes grown from liver samples were tested for various T-cell differentiation
antigens using a modification of the avidin-biotin-immunoperoxidase technique [39]. The
following differentiation markers were analyzed: CD3 (pan-T cell), CD4 (“helper/inducer T
cell”), and CD8 (“cytotoxic/suppressor T cell”) (OKT series purchased from Ortho
Diagnostics, Raratan, NJ; Leu series purchased from Becton Dickinson, Sunnyvale, CA). In
addition, anti-DR staining was similarly done using a monoclonal anti-HLA-DR (Becton
Dickinson). Briefly, cytocentrifuge smears were prepared, using 2.5 × 104 cells/slide, and
fixed in acetone immediately after preparation. A total of 200–400 cells were enumerated.

HLA phenotyping
Peripheral blood lymphocytes, donor spleen cells, and lymphoblastoid cell lines (LCL) were
typed for HLA A, and B antigens by the standard NIH microlymphocytotoxicity technique.
Serologic typing for HLA DR was done by prolonged incubation microlymphocytotoxicity
test using enriched B-cell preparations obtained following carbonyl-iron treatment and
Ficoll-Hypaque sedimentation after rosetting with neuraminidase treated sheep red cells.

Statistical analysis
Cultured lymphocytes were defined as reactive towards a given stimulator cell in
proliferation assays when the total incorporated 3H-thymidine count ± 2 SD was greater than
background counts (i.e., counts with cultured lymphocytes with 10% AB serum alone plus
irradiated stimulator cells with 10% AB serum alone) ± 2 SD. Analysis of statistical
significance was done using the Chi square test.

Results
Patient/Sample Profile

Lymphocytes were grown from 18 biopsies obtained from 14 liver transplant patients. Table
1 summarizes the salient features of these patients including age, sex, primary diagnosis at
the time of transplantation, the post-transplant day of the biopsy, and the current status of the
allograft. In this paper, each liver biopsy (LB) culture is referred to by a unique number
which identifies the patient and the post-transplant day when the biopsy was obtained. In
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addition, the letters A and B designate the first and second allografts, respectively. For
example, LB1.7B was obtained from patient 1 on day 7 post-transplant from the second
allograft and LB2.16A was obtained from patient 2 on day 16 post-transplant from the first
liver transplant. This representative population of transplant patients included patients with
end-stage liver failure due to a variety of causes as well as patients with inborn errors of
metabolism and hepatic malignancy (Table 1). Biopsies were obtained from 11 first
transplants and five second transplants, including two patients (9 and 13), who provided
specimens from both first and second allografts. The interval from transplantation to biopsy
ranged from 3 days to 330 days, with a median of 14 days post-transplant.

Generation and Expansion of Activated T Lymphocytes from Liver Biopsies
Biopsies obtained from hepatic allografts were incubated in vitro, in the presence of
recombinant human IL-2, but without the addition of irradiated feeder cells. After 2–3 days,
an outgrowth of mononuclear cells was seen (Figure 1). The cultures were supplemented at
2–3 day intervals with IL-2 and transferred into larger wells. Expansion was continued until
confluence was obtained, generally within 10–14 days following initial biopsy. Sufficient
number of cells (5 × 105−1 × 106) were then obtained for functional assays and phenotypic
analysis.

Phenotype analysis of biopsy-grown mononuclear cells showed a predominance of CD3
positive T lymphocytes, many of which also expressed DR antigens (an indication of
activation [40]). Biopsy cultured lymphocytes were typed phenotypically between 2 and 4
weeks following sampling. Table 2 lists representative results which also demonstrate a
mixture of CD4 and CD8 positive cells in most cultures. Among seven lymphocyte cultures
tested, there seemed to be an overall trend towards CD4 predominance, although statistical
significance could not be established, possibly because of small sample size. In two patients
(8 and 10), who had undergone a percutaneous liver biopsy, subsequent allograft
hepatectomy was required for unremitting rejection shortly thereafter. Cells from these
rejected livers, extracted by mechanical disruption followed by Ficoll-Hypaque purification
and then directly analyzed, showed very similar phenotype profiles to cells grown from the
biopsies (Table 2).

Allospecificity of Infiltrating Allograft T Cells in Secondary Proliferation
The alloreactivity of biopsy-grown lymphocytes was determined in secondary proliferation
assays (PLT). Table 3 shows the proliferative responses of biopsy-cultured lymphocytes to
irradiated spleen cells from the transplant donor and also to exogenous IL-2 in 3-day assays.

All cultured lymphocytes exhibited low spontaneous thymidine incorporation and high
proliferative responses to IL-2 suggesting the presence of activated T cells with receptors for
Il-2 (Table 3). The majority of expanded lymphocytes also showed strong proliferative
responses to original donor lymphocytes. However, five biopsy-grown lymphocyte cultures
expressed little or no PLT reactivity towards donor cells (LB2.16A, LB4.12A, LB11.3A,
LB12.3A, and LB14.30A). When the phenotypes of these cultured T cells were correlated
with donor-specific proliferation, no correlation between a predominance of CD8 bearing
cells (“suppressor/cytotoxic” subset) and a lack of proliferation could be found.

We next compared the cause of graft dysfunction with the ability of the cultured
lymphocytes to proliferate against donor cells. A statistically significant correlation of low
donor induced proliferation with ischemic hepatic allograft dysfunction was noted, using the
Chi square test for 2 × 2 contigency tables, p < 0.01. Of the five cultures with little PLT
reactivity, ischemic injury was the cause of dysfunction in three. In the remainder of cultures
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that demonstrated strong donor stimulated proliferation, rejection was the cause of graft
dysfunction in all but one.

Biopsy-grown lymphocytes were also tested for PLT specificity against a panel of unrelated
cells selected to share HLA antigens with the original transplant donor. In many instances, it
was possible to determine the allospecificity of these cells. Table 4 summarizes the apparent
PLT specificity for those cultured lymphocyte lines that proliferated against donor HLA
specificities. Three biopsies had PLT specificities limited to class I antigens, seven were
class II specific, whereas three biopsies appeared to contain cells that recognize both class I
and II donor antigens. Representative examples of results of the PLT analysis on biopsy-
grown lymphocytes from three patients are described below.

Patient 3—Patient 3, who was HLA typed A24,26; B35,w41; DR3,5; received a liver
transplant from a donor who typed as A11,28; B35,w60; DRw6,7. On post-transplant day
32, the patient developed elevated liver enzymes while ultrasound studies indicated normal
allograft architecture. The histology of a percutaneous liver biopsy showed subintimal
lymphocytic infiltrates in the portal triads consistent with mild rejection.

The PLT specificity of LB3.32A was associated with DRw6 and DR7 antigens; all six
positive stimulator cells bore either antigen specificity whereas all of the four negative cells
lacked these class II antigens (Figure 2).

Patient 8—Patient 8, was HLA typed as A24,25; B8,w62; DR1,4 and had received a liver
from a donor with HLA antigens A3,24; B18,35; DR5,-. The patient developed elevated
liver function tests 9 days post-transplant. A percutaneous liver biopsy showed a
lymphocytic portal infiltration pattern consistent with moderate to severe rejection.
Lymphocytes grown from biopsy LB8.9A showed PLT specificity associated with HLA
B18 and B35, both class I antigens. Seven out of eight positive stimulator cells had either
the B18 or B35 antigen while only one of seven negative stimulator cells bore either antigen.
In addition, only three of seven stimulator cells typed as DR5 were positive in this PLT
assay, indicating weak reactivity to this specificity (Table 5).

In spite of aggressive immunosuppression the patient had continued clinical deterioration
requiring allograft hepatectomy followed by retransplantation 4 days later. Fragments of the
first donor liver (LB8.13A) were incubated under conditions similar to the initial biopsy and
the expanded cells were tested against the same panel of cells. Histologically, the portal
infiltrate appeared less extensive but a residium of lymphocytes and macrophages was
noted, consistent with resolving rejection. As shown in Table 5, specificities to which these
cells reacted towards were B18 and DR5. All four B18 positive stimulator cells and all
seven DR5 positive panel cells stimulated T cells expanded from this biopsy, whereas five
of five B18 and DR5 negative panel cells failed to do so. Thus it appears that within the
interim, acquisition of DR5 reactivity appeared.

Patient 9—Patient 9, typed as A2,-; B35,w62; DR5,w6; received a first allograft from an
A26,11; B18,w41; DR2,5 donor. Following initial satisfactory function, elevation of the
serum bilirubin 5 days post-transplant necessitated a percutaneous liver biopsy for diagnosis.
Histologically, there was no portal infiltrate and no lymphocytes could be grown from the
biopsy. Four days later, however, because of increasing liver dysfunction, an allograft
hepatectomy was performed. At this time, histologically there was moderate portal tract
infiltrates with biliary epithelial damage and subendothelial collection of lymphocytes.
Immunohistochemical staining showed T-cell infiltration with both CD4 and CD8 positive
cells. In addition, there was expression of DR antigens on biliary and vascular epithelium,
consistent with rejection [26]. Cells grown from this sample (LB9.9A) demonstrated marked
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proliferation in three of four B18 positive panel cells. No other donor specificity could be
detected in all ten B18 negative cells which shared other donor-specific antigens (Figure 3).

The second donor was typed as A2,24; B7,49; DR2,4. Again, after initial function,
deterioration of liver function occurred. A percutaneous liver biopsy (LB9.11B) was done
11 days after the second transplant revealed severe cholestasis with moderate portal
lymphocyte infiltration and evidence of bile duct injury. T cells were expanded from this
biopsy and as shown in Table 6; allospecificity was determined to be against DR4 and
possibly B7. Nine of the nine stimulator cells bearing these antigens induced proliferation of
the biopsy cultured T cells in PLT. None of the five DR4 or B7 negative cells induced
proliferation in this cell line. We found only slight PLT reactivity of LB9.11B cells towards
cells from the first transplant donor (donor A).

Finally, after 39 days following the second transplant, in spite of vigorous efforts to reverse
rejection, another allograft hepatectomy with retransplantation was required for intractible
rejection, as verified by histology. Cells grown from this sample (LB9.39B) were tested in
PLT and revealed a similar pattern to cells obtained 4 weeks earlier, although a broader
reactivity pattern was noted from the latter liver sample (Table 6).

Monoclonal Antibody Inhibition Profiles in PLT
A panel of defined monoclonal anti-HLA antibodies were used to inhibit proliferation of
cultured biopsy lymphocytes towards irradiated donor stimulator cells. As shown in Table 7,
the alloreactivity of the biopsy-cultured cells, as determined by immunogenetic analysis,
was verified by blocking experiments with these MoAbs. Addition of the class I specific
MoAb, PA2.6, to cells grown from LB1.7B (with PLT specificity towards class I donor
antigens) resulted in a 51.7% reduction of donor-stimulated proliferation. In contrast, none
of the class II specific MoAbs significantly inhibited LB1.7B proliferation.

The fine degree of discrimination of these MoAbs was also evident in the inhibition profiles
of LB7.5A and LB13.28B, both of which demonstrated class II reactivity by PLT analysis.
Cultured cells from both biopsies were not inhibited by PA2.6, while significant inhibition
of proliferation was observed with the class II specific MoAbs.

Donor-Specific T-Cell Mediated Cytotoxicity
In several instances, CML assays were used to assess the ability of expanded biopsy-
cultured T cells to lyse donor targets. Using PHA transformed T lymphoblasts and/or EBV-
transformed B lymphoblastoid cell lines (derived from original donor spleen cells) as
targets, cytotoxcity was determined at a 10:1 effector/target ratio. As shown in Table 4,
several T-cell lines demonstrated significant cytotoxicity towards donor specificities. In
general, those lines showing significant cytotoxicity in this assay correlated to class I
antigen induced proliferation in PLT assays.

In patient M.S., LB13.28B, in vitro expanded intragraft T cells demonstrated DR3
allospecificity in PLT assay. The recipient was HLA typed as A1,24; B35,w55; DR2,5 while
the donor typed as A1,2; B51,8; DR3,7. CML assay showed 21% cytolysis of EBV-
transformed donor cells which correlated with CML specificity against the DR3 antigen.
There was a much lower level of lympholysis against the PHA-transformed donor
lymphoblast line (8%) and a significant lympholysis (32%) against another DR3 positive
lymphoblastoid cell line (Figure 4). Therefore, while the general rule that class I antigens
serve as targets for cell mediated lympholysis, class II antigens can also serve as recognition
structures for cell-mediated lympholysis [41,42].
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Discussion
We describe methodologies based upon our previous experiences allowing expansion and
characterization of intragraft T-cell populations in hepatic allografts [23]. The rationale
behind our approach is based on acquisition of IL-2 receptors during activation [43], and the
subsequent requirement of IL-2 for further propagation [44]. In order to minimize
introducing new antigen specificities, we used only lectin-free IL-2 without feeder cells to
isolate and expand the infiltrating cell population. In two instances, these cells exhibited the
same phenotypic makeup of cells obtained in situ.

When the phenotypic makeup of these biopsy bulk cultured cells were compared to the
allospecificity of these cells, there did not appear to be a consistent pattern relating the
predominance of either CD4 or CD8 to the HLA class I or class II specificity. This may
reflect two possibilities, (i) that CD4 and CD8 positive cells are not restricted by HLA class
I or class II antigens or (ii) that the cultured T-cell line represents a mixture of cells and only
a small subpopulation of the expanded cells are responsible for allospecificity. Generally
CD4 alloreactive cells recognize class II antigens whereas CD8 alloreactive cells recognize
class I antigens; however, exceptions have recently been reported [45–47]. On the other
hand, we have preliminary data, using limiting dilution analysis of these cells, that
demonstrates that a proportion of activated T cells do not proliferate to donor HLA antigens.
This suggests that only a subpopulation of the total biopsy-cultured cells recognize HLA
determinants.

Kurnick and co-workers, using a similar approach, have recently reported their results
characterizing expanded T cells from rejecting renal allograft from patients on azathioprine
and prednisone immunosuppression [22]. Phenotypic analysis of their cell lines showed a
predominance of cells bearing the CD8 phenotype, although they also noted that in one
patient treated with cyclosporine, that the CD4 and CD8 populations were almost equal. The
differences in the immunosuppression regimens may indeed explain the more frequent
expression of CD4 populations in our series, and has been noted in other human allograft
models [26,48,49].

We have shown, by immunogenetic analysis, that both class I and class II HLA determinants
can serve as recognition antigens. In several instances, these PLT findings were verified by
monoclonal anti-HLA antibody inhibition profiles. In our previous studies with alloreactive
T-cell clones [32], we have shown that both proliferative and cytotoxicity assays can define
allospecificity to either class I or class II antigens and correlated well with monoclonal anti-
HLA antibody inhibition profiles. Proliferative responses to class I antigens, where the
donor and recipient are DR identical, were noted by Mayer et al. [22]. In addition, we
present evidence suggesting that the same HLA antigenic determinant can serve as the
recognition structure for both proliferation and cytolysis. This has been confirmed in vitro
MLR generated cloned T-cell lines [43].

Analysis of in situ generated allospecific T-cell lines from the initial and subsequent
allografts during rejection has shown that allorecognition and infiltration of T cells is
specific and dynamic in nature. We have shown that there may be acquisition of additional
antigen specificities during unsuccessful treatment of rejection. This is in agreement with the
observations on acquisition and loss of donor specificities in our previous reports studying
heart allografts [23]. Following hepatectomy of the initial graft containing cells with
specificity towards the first donor, subsequent allografts appear to have an influx of cells
bearing specificity towards the donor antigens of that respective graft. Late in rejection,
however, nonspecific mechanisms may attract “irrelevant” cells [7].
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It is interesting to speculate on the role and antigen specificity of culture expanded intragraft
T cells that do not proliferate to donor HLA antigens nor lyse appropriate targets bearing
donor HLA antigens. The finding that non-HLA alloantigens, e.g., tissue-specific [50] and
vascular endothelial cell or VEC [50–52] antigens, can participate in allograft rejection, has
been demonstrated. Unlike the HLA system, definition of the majority of these non-HLA
have been elusive, so that their importance in allograft rejection is not clearcut.
Nevertheless, once appropriate donor cell preparations can be obtained bearing the antigen
system in question, application of the techniques described in this paper can begin to shed
light on their relative role in allorecognition.
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FIGURE 1.
In vitro propagation of lymphocytes from a liver biopsy culture. This is a 400×
magnification (original magnification) taken with an inverted stage microscope 4 days after
expansion in tissue culture medium supplemented with IL-2. The dark area in the left corner
is the liver biopsy tissue.
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FIGURE 2.
PLT specificity of LB3.32A. Tritiated thymidine uptake was determined in 3-day
proliferation assays. HLA antigens of the panel cells are listed, those shared with the
original donor are underlined. The background count with 10% human AB serum was 2097
± 1608 (1 SD).
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FIGURE 3.
PLT specificity of LB9.9A. Legend is the same as for Figure 2. The background count was
222 ± 23 (1 SD).
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FIGURE 4.
CML specificity of LB13.28B. Percent lympholysis is determined by the formula:

HLA antigens of the panel cells are listed; those shared with the original donor are
underlined. Lymphocytes incubated with PHA-M for 4 days prior to testing are designated
as PHA targets. EBV targets are splenocytes that were originally transformed with EBV.
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TABLE 2
Phenotypic analysis of lymphocytes

Source of cells

Patient number Surface marker Liver biopsya Extracted lymphocytesb

8 CD3 86 91

CD4 37 31

CD8 65 57

DR ND ND

10 CD3 94 73

CD4 35 25

CD8 60 50

DR 58 48

2 CD3 94 ND

CD4 62 ND

CD8 24 ND

DR 65 ND

1 CD3 93 ND

CD4 58 ND

CD8 27 ND

DR 45 ND

14 CD3 86 ND

CD4 66 ND

CD8 9 ND

DR 65 ND

a
Liver-biopsy bulk cultured cells.

b
Bulk extracted cells from hepatectomy.
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TABLE 4
Donor-specificity and cytotoxicity

Liver biopsy PLT alloreactivity Percent cytotoxicity donor specific

1.7B B53, B44 71

2.16A undetermined 18

3.32A DR6, DR7 2

4.12A undetermined ND

5.330B DR2, DR5 −2

6.73A DR3, DR6 ND

7.5A DR2 ND

8.9A B18, B35 37

8.13A B18, DR5 100

9.9A B18 81

9.11B B7, DR4 ND

9.39B B7, ?DR4 ND

10.59B DR4, MT3 ND

11.3A undetermined 16

12.3A undetermined 18

13.5A DR7 10

13.28B DR3 21

14.3A undetermined −5
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