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Effect of Disease Stage on Clinical Outcome After Syngeneic Bone Marrow
Transplantation for Relapsing Experimental Aufoimmune Encephalomyelitis

By Richard K. Burt, Josstte Padilia, Wendy Smith Begolka, Maurc C. Dal Canto, and Stephen D. Miller

Relapsing experimental autolmmune encephalomyetitis (R-
EAE) is an Iimmune-mediated damyelinating ¢entral nervous
systent (CNS} disease. Myeloablation and syngeneic bone
marrow transplantation (SBMT), when performed at the
peak of acute disease (day 14), prevented gllal scarring and
ameliorated the disease severity, In contrast, when synge-
neic BMT was performed late in chronic phase (day 78},
significant glial scarring remained and the clinical severity
did not differ significantly from that of the controls. After
SBMT in either the acute or chronic phase of disease, the
posttransplant immune system remained responsive to my-
efin epitopes as determined by in vitro proliferation and

ONE MARROW hematopoietic stem cells expand and
differentiate noi only into platelets, red bloed cells, and
neutrophils but also into cells that mediate immunity and
tolerance such as lymphocytes and macrophages. Therefore,
hematopoietic stem cell transplantation has been suggested as a
therapy for immune-mediated diseases.!” This approach is
based on the assumption that ablation of the immune system
followed by reconstitution of the hematopoietic and hmmune
compattinents from the infused bone marrow will restore
unresponsiveness to self-epitopes. To test this hypothesis, we
evaluated the effects of bone marrow transplantation (BMT) in
relapsing experimental autoimmune encephalomyelitis (R-
EAE}, an immunc-mediated demyelinating disease with clinical
signs and histopathology similar to nultiple sclerosis (MS)**
R-EAE has an imitial relapsing-remitting clinical course
similar to certain types of MS. The disease cun be adoptively
transferred 1o naive anbmals using myelin-specific CD4™ T
cells, The immunologic mechanisms involved in mediating
remission and relapse are not completely understood. Alter-
ations in cytokine patterns, changes in Thy and Th, T-cell
subsets, upregulation of apoptotic receptors {eg, Fas or tumor
necrosis factor receptor) in activated cells, and/or an idiotype
network of suppressor cells may contribute to the dynamic
changes in the clinical course 51t
It has been demonstrated that as the disease progresses, the
immune system responds to a greater number of myelin
epitopes.}Z#? For exainple, R-EAE may be initiated in SIL/J
mice by immunization with the immunodominant epitope from
proteolipid protein (PLP} 139-15{. During the subsequent
relipse, the immune system not only responds to the disease-
initiating epitope (PLP 139-151) but also to relapse-associated
epitopes such as PLP {78-191. This phenomenon of epitope or
determinate spreading provides an opportunity to decument the
efficacy of various therapies for the treatment of ongoing
R-EAE by quantitying immune responsiveness to unigue en-
cephalitogenic epitopes of myelin.

MATERIALS AND METHODS

Animals. Six-week-old female SJLY] mice were obfained from
Harlan Laboratories {(Madison, W1). They were maintained on standard
mouse chow and water ad libitum in a conventional animal facility.
Neomyein sulfate (0.7 mmol/L), tetracycline (0.1 mmol/L), and trim-
ethoprinvsulfamethoxazole (4 mmol/L) were added to the drinking
water for 2 weeks after BMT to prevent infections.
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Interferon-={IFN-= production. However, in mice undergo-
ing SBMT, in vivo delayed-type hypersensitivity (DTH) re-
sponses were significantly decreased while IFN-=RNA levels
and inflammatory infiltrates within the CNS were slightly
improved. We conclude that {ailure of SBMT to improve the
clinical disease when performed in chronlc phase may be
due to preexisting allal scarring. We also conciude that in the
absence of gliat scarring and irreversihle neuronal injury, In
vive DTH responses and histology are better predictors of
chinical improvement than in vitro proliferation or {FN-=
cytokine production.

© 1998 by The American Soclety of Hematology.

Induction of R-EAE. PLP 139-151 was provided by Dr David
Klapper (University of North Caroline, Chapel Hilly and emulsified in
complete Freund adjuvant {4 mg/mL Mycobacterium lutricum in
incmhplete Freund adjuvant) at a concentration of .38 mg/mL. Female
mice were injected subeutancously with a total of (1.1 mb over three
different sites on the back. Ten days after imnminization, draining lymph
nodes were removed and lymphocytes were cultured ex vivo in
Dulbeceo’s medified Eagle’s medium (DMEM) for 4 days with the
discase-initiating peptide PLP 139-151 (50 gp/mL}. Ou day zero, 3 =
16° PLP 139-151 blasts were injected intraperitoneally into naive
syngeneic 6-weck-old female SH./J mice.

Scoring of R-EAE. R-EAE was scored clinically according to the
neurotogic deficit as follows: 0, asymptomatic; I, tail weakness: 2,
unsteady gait when walking across the grill on the cage roof; 3, severe
hindlimb weakness; 4, total hindlimb paralysis; and 5, death. A relapse
is defined as an increase in the score of at least 1 point recorded on at
least two consecutive evaluations. All clinical scoring was performed
blinded by the same observer.

Treament, By definition, day 0 was the day of rdoptive transter of
PLP 139-151 lymphablasts into SIL/F mice. At two time points, the

_peak of acute disease {day 14 or chronic phase (day 74), S1L/7 mice

were divided nto the following groups: control, bone marsow contral
(BMC}, and tecatment groups, Control inice received no further therapy,
BMC mice received an intravenous injection of 107 syngeneic nucleated
marrow cells from naive same-sex mice. The treatment groups under-
went myeloablation and bone marrow rescue’ using 107 syngeneic
nucleated marvow cells from naive same-sex mice. Myeloablation
consisted of one of three conditioning regimens: (1) TBI, total-body
irrndiation at a total dose of 1,100 ¢Gy in two fractions of 550 cGy 6
hours apart 1 day before marrow infusion; (2) MP/TBL. methylpredniso-
jone 50 mg/kg inteaperitoneatly for 3 days on the day before, the day of,
and the day after the TBI given at atotal dosc of 1,100 £Gy 6 hours apast
as twe 550-cGy doses on the day before marrow infusion; or (3)
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Cy/TBI, cyclophosphamide 60 mg/kg iniraperitoneally the day before
starting TBI at a total dose of 1,200 ¢Gy divided into fractions of 200
<Gy twice per day for 3 consecutive days before marrow infusion.
Histology. Ten to 12 I-pm thick, Epon-embedded sections stained
with toluidine blue were examined from each spinal cord and scored as
foltows: =, mild inflammation without demyelination; =, inflarmmation
with focal demyelination; ==, mflsmmation with multipie foci of
demyelination: and ===, marked inflammation with bilaterad converg-
ing areas of demyclination. Glial scarring was characterized according
to the majority of sections involved as follows: absent; mild, focal ghial
bands in the margin of the cord; moderate, ghial bands covering more
than 504 of the cord’s margin; or severe, glial scarring covering the
entire thickness of the anterior column. Mice that had histologic
examination of the spinal cord were not used for any other assays. Mice
selected for histologic examination had clinical scores that represented
the mean for their group, The nevropathologist performing histologic
scoring was blinded as to animal treatment and clinical scoze.
Myelin-specific T-celf responses, *H-thymidine $H-TdR) uptake of
splenocytes was performed after in vitro culture with cither PLP
139-151 or PLP 178-191. Splenocytes from three mice in each group
were washed and resuspended in DMEM = 5% fetal bovine serum and
plated at 5 = 10%well in 96-well, flat-bottom microtiter plates with the
indicated concentrations of peptide. Cultures were incubated ae 37°Cin
7.5% COy, pulsed at 72 hours with *H-TdR, and harvested 18 hours
later. Incorporation was quantified by liquid scintillation counting,
Supematants from splenocyte cultures were harvested at 48 hours for
assessment of interferon-=(IFN-=) levels in response to activation with
30 mmol. PLP 139-151 or PLP 178-191. Cytokine levels were
determined by enzyme-finked immunosarbent assay (ELISA)Y (Endo-
gen, Cambridge, MA). *H-TdR sssays and ELISAs were repeated in
triplicate. - .
Pepiide-specitic delayed-type hypersensitivity (DTH) responses were
quaniified using a 24-hour in vivo car-swelling assay. Three mice from
each group were challenged with 10 pg of the indicated PLP peptide in
0.01 mi. saline. Twenty-four hours after challenge, the increase in car
swelling was quantified with an engincer’s micrometer (Mitutoyo
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model 7326; Schlesinger Tools, Brooklyn, NY). Results were corrected
for prechailenge ear thickaess, The mice selected for DTH responses
were not used for any other assay.

Central nervous systent IFN-=RNA. Analysis of mRNA levels in
the central nervous system (CNS} was performed by homogenizing
phosphate-butfered saline-perfused spina cord from three mice in éach
group in guanidium isothiocyanate and isolating total RNA by CsCl
gradient. First-strand ¢DNA synthesis was performed using 2 gL {05
pg/ul) RNA in 10.5 pL diethyl pyrocarbonate (DEPC)-treated water, §
HL oligo-(dT) primer, and 6.5 pL of a master mix {4 gL 5= reaction
buffor containing | L dNTP{1¢ mmol/L each), 0.5 pL RNase inhibitor,
and L0 gL M-MLV ceverse transcriptase {RT]). Polymerase chain
reaction {PCR) primers for IFN-=and HPRT, a housckeeping gene,
encompass 234 and 352 base pairs of wild-type cDNA, respectively.
Frest-strand ¢DNA was amplified 35 cycles (Perkin Bimer Thermocy-
cler, Nonwelk, CT). The reaction mixture and cycling conditions were
described proviousiy.

RESULTS

Syngeneic BMT at peak of wcute diseuse: day 14 gfier
adoptive transfer of disease-initiating lymphocytes. "At the
peak of acuie disease, the mice were divided into five groups of
eight to 10 animals each (Fig 1). There were three treatment
groups: TBI, MP/TBI, or Cy/TBIL. Beginning after day 60, all
treatment groups showed similar clinical improvement, reach-
ing their lowest clinical scores at about day 100, and thereafter,
the mean chuical scores remained stable. AH thece treatment
groups {mean score =1} had sigoificantly fewer neurologic
deficits compared with the control and BMC groups (mean
score =2.0). Clinical results were alse analyzed according to
the relapse rate. The total number of relapses in the Cy/TBI and
MP/TBI treatment groups were decreased compared with the
control groups (Table 1). However, the differences were not
statistically significant. '
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Fig 1. BMT at peak of acute
disease. Clinlcal course Is re-
& portad in terms ofthe mean clini-
cal score, which Is the total score
for animals in a group divided by
the number of animals In the
group, Statistical analysls by the

-test on day 140
showed significant clinical Im-
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o 4K b groups, with P = 008for TBI, P=

004 for Cy/TBI, and P = .01 tor
MP/TBI. Bold arrow Indicates
time of treatment. Arrow 1 Iadi--
cates kiliing of 3 animals from
each group for proliferation and
ELISA assays. Arrow 2 indlcates
kiliing of 1 animal from each
group for histology and use of 3
animals from each group for DTH.
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Table 1. BMT at Peak of Acuie Disease: Relapse Rate

HNo. of Mice Relapsing/ Total No. of Relapsesf

Group Total Mo. of Mice Total No. of Mice
Control 8/8 19/8
Bone marrow only 8/8 P= .34 16/8 P= .63
TBIBMT 6/8 P = .23 15/8 P= .60
Cy/TBYBMT 5{7*P = 20 77 P=.10
MP/TBIBMT 78 P= 50 1218 P= .21

Relapse rate shown according to the number of animals that
retapsed In sach group (statistics by Fisher’s exacl test for 2 =2
contingency tables) and tha ratio for the total number of relapses to
the number of mice per group (statistics by Student f1est).

*“Three animals dled within days of conditioning and are not
included in anatysis. .

The immune responsiveness to disease-initiafing and relapse-
associated epitopes persisted as measured by the proliferation of
splenocytes to increasing concentrations of PLP 139-151 and
PLP 178-191 peptides (Fig 2). Since R-EAE is known to be a
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Thy-mediated disease, we also evaluated IFN-=production by
splenocytes. When exposed to disease-initiating or relapse-
associated PLP epitopes, splenccytes from all SBMT trealment
groups produced IFN-=to at least the same extent as the
controls {Fig 3).

Although the clinical course did not correlate with in vitro
proliferation or IFN-= production, clinical improvement did
correlate with DTH responses and histology. There was a
decrease in DTH responses to PLP 178-191 in al treatment
groups (Fig 4). In two treatment groups (TBI, P = 05; MP/
TBI, £ = 017), DTH responses were significantly diminished
as compured with responses in the control group.

Histologic examination of the spinal cord showed moderate
inflammation with muktiple foct of demyelination in all sections
from control and BMC groups (Table 2). In contrast, the Cy/TBI
and MP/TBI treatment groups displayed reduced CNS pathol-
ogy with little or no evidence of focal inflammation or
demyelination in most spinal cord sections. The TBI treatment
group also showed a modest decrease in CNS pathology versus
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Fig 2. BMT at peak of acute
disease. Day 150 splenocyte pro-
liferative response to Increasing s
concentrations of disease-initiat- E 100000
ing (PLP 139-151} and relapse- 'S}
assoclated (PLP 178-191) epl- T~ 80000 —
topes of PLE The number above =2 80000 - 430
each bar is the stimulation index 8 37
{ratio of CPM with antigen dl- % 40000 -
vided by CPM without antigen). o
Splenocytes from nalve mice did o 20000
not respond to PLP 129-151 or ; o) I :
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the antibody to the T-ceit recep-
tor.
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Fig 3. BMT at peak of acute disease. Day 150 splenocyte IFN-=
preduction following Incubation with PLP 139-151 or PLP 178-181.
Splenocytes from nalve mice had no detectable IFN-=production.

the control groups, but not to the extent of the other treatments
(Table 2). Importantly, glial scarring was absent in all {reatment
groups.

SBMT during the chronic phase of disease: day 74 after
adoptive transfer of disease-initiating Ivinphocytes. On day
74 after adoptive transfer of disease-initiating PLP 139-151
blasts, mice were divided into four groups {control, BMC, TBI,
and Cy/TBI} with 11 to 13 animals in each group. When
immune ablation and BMT were performed during the chronic
phase of disease, no significant clinical difference in the disease
course, severity, or relapse rate was seen between the control,
BMC, and treatment groups regardless of the myeloablative
regimen (Fig 5 and Table 3). Proliferative responses and 1PN-=
production to cither disease-initiating PLP 139-151 or relapse-
associated PLP 178-191 were not statistically diminished i
animals undergoing SBMT compared with controls {Figs 6
and 7). Despite # lack of improvement in neurclogic deficits or
proliferative responses, in vivo DTHs to PLP 139-151 and PLP
178-191 were significantly less in mice that underwent myeloa-
blation and SBMT (F = .05) compared with the control groups
(Fig 8). There was also a slight improvement in the histology of
the spinal cord between the control and treatment groups
{Table 4). RT-PCR of the CNS revealed detectable IFN-=
mRNA levels in both the control and treatment groups. How-
ever, serdquantitative densitometry showed slightly decreused
ratios of IFN-=to HPRT RNA in the TBI (0.31) and Cy/TBI
(0.24) weatment groups compared with the control {0.37) or
BMC (059} groups (Fig 9). Therefore, mRNA levels in the
CNS seem to comrelate with the in vivo DTH responses.
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35 -
] {1 control
. 28] BMT only
30 - B TeiBMT
i {5} Cy/TBUBMT
. ] EE= Mp/TBIBMT
g 25 -
: -
g ]
‘:D_ 20
pas ]
£ J
g 15
10 4
5 -
0 4

PLP 178-191

Fig4. BMT at peak of acute diseaze. Pay 160 in vivo DTH reaction
to PLP 178-191. Horizontal line shows the mean ear swelllng In 3
nalve mice. :

DISCUSSION

Hematopoietic stem cell transplantation as a treatinent for
MS has recently been initiated by several centers.)®2¢ Although
no animal model is a perfect correlate for MS, in general, new
therapies for MS are tested and reported in R-EAE before
initiating clinical trials. Other investigators have reported on the
clinical effects of immunc ablation and hamatopoietic stem cell
transplantation in both rat?"*2? and mouse® medels of EAE. Van
Gelder et al?* reported improvement in the clinical course or
relapse rate after hematopoietic stem cell {ransplantation in rats
with EAE. Importuntly, the outcome depended on the type of
graft. The extent of remission and decrease in the recurrence
rate were better with an allogeneic stem cell source from a
resistant strain than with a syngeneic or pseudoautologous
graft 22 Karussis et 1% have reported amelioration of clinical
EAE after syngencic transplantation in SJLA mice. Their study
also investigated proliferative responses to myelin after trans-
pluntation, However, & thorough evaluation of immune respon-
siveness following stem cell transplantation for an autoimmune

Table 2. BMT at Peak of Acute Disease: Histology

Group Scorg Glial Scarring
Controt 2= {10710} Severe
Bone marrow only 2= (10/10) Moderate
TBUBMT - . ~F= {10110} ) Absent
Cy/TBIIBMT = (2740), = {4710}, 1= (4110} Absent
MP/TBIIBMT ="1{4/10), = {110}, 1= (6/10) Absent

Histolagic score shown for 10 spinal cord sections from 1 animal in
each group at day 160.
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Fig 5. BMT in chrenic phase.
Clinical course is reported in
terms of the mean clinical score. 1
There is no statistically signiti-
cant differente between treated
and untreated mice. Boid arrow
Indicates time of treatment. Ar-
row 1 indicates killing of 3 ani-

Mean Clinical Score
3]
1

—£3— Control n=114
—5— BMT only n=11
+@— TBYBMT a=i3
—d— Cy/TBIBMT n=13

eration and ELISA assays and
use of 3 animals from each group
for DTH, Arrow 2 indicates killing
of 1 aptimal from each group for
histology and 3 from each group
for HT-PCR of the spinal cord.

mals frem each group {or profif- 0 { f I I
0

disease has not been reported. We therefore chose syngeneic
unmanipulated stemn cells rather than an allogeneic stem cell
somice to evaluate autoimmunity without imterference from
graft-versus-host discase following infusion of the graft.

We were concermned that TB1 may cause an exacerbation of
neurologic symptoms in inflammatory demyelinating neuro-
logic diseases, because macrophages muy be activated by TBI
to produce cytokines such as tumer necrosis factor that could
exucerbate neuropathology %" We therefore compared differ-
ent TBI fraction sizes alone or combined with either cyclophos-
phamide or methylprednisolone. No acute neurologic exacerba-
tions occurred with any of these conditioning regimens. In
addition, there were no differences in clinical outcome between
the different regimens.

In animals undergoing transplantation during the acute phase
of R-EAE, the mean clinical scores were significantly im-
proved. However, when SBMT was performed during the
chronic phase, there was no significant improvement in overall
disease severity. We believe that SBMT during chronic disease
is a meore appropriate analogy for patients with M3, since most
of these individuals would have had symptoms for some period
with progressive deferioration in baseline values before being

Table 3. BMT In Chronle Phase: Relapse Rate

No. of bdice Relapsing/ Total No. of Relapses/

Group Total No. of Mice Total No, of Mica
Cantral it 811
Bone marrow only 8fi1 P= 33 1011 P= 51
TBIY/BMT 7/43 P= .50 TH3 P= 49
Cy/TBUBMT 6/13 P= .35 913 P= 02

Relapse- rate shown according to the number of animals that
reiapsed in gach group {statistics by Fishers exact fest for 2 =2
contingency tables) and the ratio for the total number of relapses to
the number of mice per group (statistics by Student test).

I T I T { ] T T | B 1 I

10 20 30 40 60 €0 ?%80 80 100 110 120 130 140 150,160 170

Treatmant

Days Post Transfer ] 2

considered for aggressive experimental therapies. To the best of
our knowledge, no prior investigator has studied the responses
of the immune system in SIL/J mice with R-EAE following
transplantation in the chronic phase of disease. The failure of
transplantation to improve disease severity when performed in
chronic phase appears to be due to irreversible gliad scarring.

Qur results suggest that SBMT early in the disease is capable
of improving or amcliorating disease severity but does not cure
it, and does not abolish the immune responsiveness to myelin.
These resulls are in contrast with a previous report by Karussis
et al.Z% In their study, R-EAE was induced in SJL/J mice by
adoptive transfer of lymphoblasts primed with guinea pig
myelin basic protein, a weak encephalitogenic stimulus in the
SJL/ mouse, They performed SBMT during acute disease and
reported decreased immune proliferative responses to intact
guinea pig myelin basic protein.?® In our study, proliferative
responses were measured to small (12 to 13 amino acids) highly
inmunedominant disease-initiating and relapse-associated pep-
tides. Our results suggest that the immune system is capable of
responding lo components of myelin after SBMT.

The difference in proliferative responses between their study®
and ours is not readily explained by diffcrences in the myeloab-
Tative regimens. Their study used a 900- to 1,100-cGy single-
dose conditioning regimen, which is approximatei)‘! equivalent
{0 the immunosuppressive and myeloablative etfect of our TBI,
MP/TBI, and Cy/TBI conditioning regimens.

In the early posttransplant period, the immune system has a
suppressor immunophenotype with subtle deficits despite nor-
mal cell numbers. 2% To avoid polential interference from defects
in immune reconstitition, we performed proliferation assays
more than {20 days after transplantation in acute-phase R-EAE
and 70 days after transplantation in chronic-phase R-EAE.
Karussis et al?® performed proliferation assays 60 days after
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Flg 6. BMT in chronic phase.
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{PLP 178-191} epitopes of PLR
The number above each bar iIs
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CPM with antigen divided by
CPM without antigen). Spleno-
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respond to PLP 1338-151 or PLP
178-191. CPM, counts per minute;’
=CD3, stimulation by the anti-
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transplantation for acute-phase R-EAE. It is therefore unlikely
that differences in the results between our study and theirs are
due to differences in immune reconstitution.

The severity of disease at the time of transplantation may
have contributed to the differences in results between the
Karvssis study and our own. In their study, some of the
experiments had a mean clinical score at the time of treatment
of 1.5; this compares with 2.4 ard 3.3 in our study. Their clinical
scoring system was also markedly different from ours. In
general, their grading system scored the same neurologic deficit
1 point higher in severity compared with our scoring system.
For example, they defined a score of 2 as “*tail paralysis,” which
in our grading system would be a score of . For any given
clinical score, these differences would result in an overall more
mild disease cowse in their study. Therefore, our animals
developed more severe disease, : ‘

The differences in results between our study and the Karussis
study may also be due to differences in the homing of
lymphocytes between the lymph nodes, spleen, and targef
“organ P Karussis et al measured proliferative responses in
Iymph node cells after adoptive transfer of disease. We were

body to the T-cell receptor.

uncertain if disease-initiating lymphocytes would home to
unprimed lymph nodes following adoptive transfer. Therefore,
we used splenocytes to measure proliferative responses. To
further explore the homing of cells to the CNS, we performed
RT-PCR for IFN-=RNA on spinal cord homogenate. R-EAE is
& Thy-mediated disease in which IFN-=is released by disease-
causing lymphocytes. IFN-=RNA levels are not detectable in
the CNS of naive mice. In mice with chronic R-EAE, despite
transplantation, IEN-=remains detectable within the CNS. This
suggests continued homing of disease-mediating lymphocytes
to the CNS.

Transplantation resulted in no significant improvement in
proliferative responses or IFN-=production by ELISA to PLP
epitopes. However, there was significant improvement in DTH
responses, as well as slight improvement in histology scores and
IFN-=RNA levels within the CNS. The dichotomy between
proliferative responses and DTH Hhas been noted in prior
therapies for R-EAE* For example, IFN- has been reporicd
to cause significant inhibition of DTH and Improvement in
histology but no change In the proliferative response to
disense-initinting PLP 139-151.32 Furthermore, it has been
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Fig7. BMT In chronic phase, Day 142 splenocyte IFN-=production
following incubation with PLP 138-151 or PLP 178-191. Splenocytes
from naive mice had no detectabie IFN-=production.

previously reported that proliferative responses in R-EAE do
not necessarily correlate with clinical changes.*? In our study,
clinical improvement in the acute phase of disease occurred
despite persistent proliferative responses. The conlinued prodif-
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Fig 8. BMT In chronic phase. Day 142 in vivo DTH reaction.

Huorizontal fine is the mean ear swelling in 3 naive mice.

Table 4. BMT in Chronic Phase: Histology

Group Score Gllal Searring

Control 2= {810), 3= (2H0) Severe

Bone marrow only 1= {4/10), 2= {6/10) Maderate
TBIBMT 1= {8/10), 2= {2110} Mild-moderate
Cy/TBIBMT 1= {1/10), 2= (9110} Mild-moderate

Day 152 histology score shown for 10 spinal cord sections from t
animal in each group.

eration of lymphocytes to myelin epitopes despite clinical
improvement niny indicale a regulatory or suppressor subsct of
cells capable of proliferation but not cytotoxicity. In R-EAE,
proliferation assays are poor indicators of clinical disease.
However, since splenocyles from naive mice do not proliferate
to PLP, the persistent proliferative responses after transplanta-
tion support a fatlure of the conditioning regimen to completely
ablate the pretransplant immune system. It is possible that a
relatively radiation-resistant subpopulation of disease-causing
lymphocytes survived the conditioning regimen, If this is the
case, it would be difficult to further maximize the imnmune
ablative regimen without substantially increasing other organ
toxicity. Altemmatively, reinfusion of mature lymiphocytes with
the marrow graft may contribute to the recurrence of disease. If
this is the case, infusion of # lymphocyte-depleted graft may be
helpful in reestablishing an immune system unresponsive to
myelin. Finally, even if the graft had all mature lymphocytes
removed, regeneration of the neonatal immune repertoire from
marrow hematopoietic progenitor cells may regenerate autoreac-
tive T cells.

Summary. The clinical outcome after SBMT for immune-
mediated demyelinating CNS discases may depend on the stage
and severity of disease at the time of transplant. In specific, if
SBMT is performed in the acute phuse of disease, murked
newrologic improvement can be expected. Alternatively, if
SBMT is performed in the chronic phase, little or ne neurologic
improvement may occur. The difference in clinical outcome
between transplantations performed in the acute and chronic
phase of R-EAE may be due to axonal injury and failure of
tissue repair, Regardless of disease duration and in contrast to
previous reports, SBMT did not diminish proliferative respon-
siveness to myelin epitopes. This may be explained by either a
failure of the conditioning regimen to completely eradicate
disease-causing lymphocytes or a regencration of myelin-
reactive lymphocytes from the infused graft. Furthermore, if
irreversible organ damage has rot occurred, in vivo DTH and
histelogy are more likely to comelate with clinical discase than
in vitro profiferation assays. ‘This indicates that in vitro prolifera-

HPRT

IFN-y

Fig 9. BMT in chronic phase. Day 152 RT-PCR of spinal cord for
1FN-= HPRT, housekeeping gene, hypoxanthine phosphoribosyitrans-
ferase. 1, naive; 2, control; 3, BMC; 4, TBVBMT; 5, Cy/TBYBMT.



FPEGINT WYAW.DI0OQJUUINFEEQFY DY QUBESL UN UCID0BN 1L, ZU10, FOT peTSUNGs UsSE Oy,

2816

tion assays may not be valid as a marker for disease activity in
patients with MS.

These experiments also suggest that intense immunosuppres-
sion in the chronic phase of an immune-mediated neurclogic
disease will not improve neurologic deficits. Theoretically, the
oufcome faay be improved by posttransplant growth factors that
promote remyelination andfor axonat regeneration. They also
suggest that a naive state of immwne unresponsiveness to
myelin will not occur after intense myeloablation and syngeneic
transpluntation. However, this outcome may be changed by
manipulation of the graft. For example, the graft may be
engineered preinfusion by lymphocyte depletion or postirans-
plantation by immune modulation with cytokines such as 1L-4
that promote a Th, phenotype.
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