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Summary

In region-specific forms of experimental autoimmune encephalomyelitis

(EAE), lesion initiation is regulated by T-cell-produced interferon-c (IFN-c)

resulting in spinal cord disease in the presence of IFN-c and cerebellar

disease in the absence of IFN-c. Although this role for IFN-c in regional

disease initiation is well defined, little is known about the consequences

of previous tissue inflammation on subsequent regional disease, informa-

tion vital to the development of therapeutics in established disease states.

This study addressed the hypothesis that previous establishment of regio-

nal EAE would determine subsequent tissue localization of new T-cell

invasion and associated symptoms regardless of the presence or absence

of IFN-c production. Serial transfer of optimal or suboptimal doses of

encephalitogenic IFN-c-sufficient or -deficient T-cell lines was used to

examine the development of new clinical responses associated with the

spinal cord and cerebellum at various times after EAE initiation. Previous

inflammation within either cerebellum or spinal cord allowed subsequent

T-cell driven inflammation within that tissue regardless of IFN-c presence.

Further, T-cell IFN-c production after initial lesion formation exacerbated

disease within the cerebellum, suggesting that IFN-c plays different roles

at different stages of cerebellar disease. For the spinal cord, IFN-c-

deficient cells (that are ordinarily cerebellum disease initiators) were

capable of driving new spinal-cord-associated clinical symptoms more

than 60 days after the initial acute EAE resolution. These data suggest

that previous inflammation modulates the molecular requirements for

new neuroinflammation development.

Keywords: autoimmunity; CD4 T cells; experimental autoimmune encep-

halomyelitis; inflammation.

Introduction

Many excellent studies have examined the mechanisms that

regulate entry of T cells into the central nervous system

(CNS) during the initiation of neuroinflammatory disease

but the mechanisms involved in secondary recruitment of

T cells to already diseased CNS tissue remain largely

unstudied. This is a concern, because it is clear that inflam-

mation could have profound effects on the phenotype and

function of CNS tissue cells and on T-cell trafficking.1–3

Several pieces of evidence suggest that inflammatory condi-

tioning could play a pivotal role in allowing the progression

of various forms of autoimmunity, including multiple scle-

rosis (MS) and experimental autoimmune encephalomyeli-

tis (EAE), a model of MS.1–3 This possibility is particularly

applicable to EAE because current models suggest that EAE

is a two-stage disease that makes use of a small initial CNS

inflammation to drive the EAE pathology.4–6 Under these

models, reactivation of small numbers of CNS-specific

T cells results in inflammatory conditioning of the CNS

Abbreviations: EAE experimental autoimmune encephalomyelitis; nEAE non-classical (cerebellar) EAE; cEAE classical (spinal
cord) EAE; IFN-c interferon-c; CNS central nervous system; MS multiple sclerosis; MOG35–55 peptide comprising amino acids
35 to 55 of the myelin oligodendrocyte glycoprotein
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tissue allowing a secondary large-scale immune cell infiltra-

tion. The requirement of multiple stages in disease

initiation suggests that exacerbation of established disease

or re-induction of previously resolved disease may use pre-

vious inflammatory tissue conditioning and so not require

molecules that may be vital to disease initiation. An under-

standing of the mechanisms involved in continuing or sec-

ondary inflammation would seem particularly important to

illuminate clinically useful targets, as neuroinflammation is

typically observed in clinical settings after disease initiation.

The clinical symptoms associated with autoimmune

neuroinflammatory diseases such as MS and EAE are

determined by the anatomic location of lesions within the

CNS.7–11 In MS and EAE, myelin-specific inflammation

of the CNS results in discrete lesions within the context

of a much larger field of myelin-containing tissue. The

formation of these lesions within specific CNS regions in

turn determines the symptomatic effects of neuroinflam-

mation. In this way, the mechanisms responsible for

lesion localization play a vital role in determining the

clinical outcomes of neuroinflammatory disease, with spe-

cific patterns of lesion formation predictive of both clini-

cal manifestations and disease severity. Unfortunately,

despite the clear importance of lesion localization in the

MS disease course, the mechanisms that regulate the

appearance of discrete lesions within the diverse tracts of

CNS white matter that could be targeted by anti-myelin

responses remain largely uncharacterized.

Previous work within the EAE model revealed that dis-

ruption of the encephalitogenic T cell’s capacity to pro-

duce interferon-c (IFN-c) resulted in significant changes

in clinical outcome, with the extent and exact type of

changes determined by the EAE system studied.12–18 In

some of these studies differential lesion development in

the spinal cord and cerebellum of mice following T-cell

recognition of myelin antigen revealed that disease devel-

opment in both tissues is critically regulated by T-cell

cytokine production and host cytokine recognition.17,18

In these models, the capacity of a fraction of pathogenic

T cells to produce IFN-c was sufficient to induce lesion

development within the spinal cord and prevent lesion

development within the cerebellum and brainstem. Inter-

estingly, one of these studies revealed that IFN-c had dual

functions as both a pro-inflammatory and anti-inflamma-

tory agent and simultaneously acted to block EAE disease

in the cerebellum while potentiating EAE in the spinal

cord. These functions were the result of separable interac-

tions with the different host tissues and were found to

have different requirements for numbers of T cells capa-

ble of producing IFN-c.18 Because of the differential

requirements for IFN-c-producing cells, administration of

mixed populations of IFN-c-deficient and IFN-c-sufficient
cells at specific ratios resulted in the development of EAE

in both the spinal cord and cerebellum within the same

host. The study also demonstrated that sub-optimal

numbers of IFN-c-producing T cells that were insufficient

to induce disease alone were nonetheless sufficient to

determine the site of lesion development.

These data, combined with earlier studies, allowed the

development of two EAE models, classical EAE (cEAE) and

non-classical/atypical EAE (nEAE), induced by adoptive

transfer of IFN-c-sufficient or IFN-c-deficient MOG35–55-

specific CD4+ T cells, respectively (where MOG35–55 is a

peptide comprising amino acids 35 to 55 of the myelin oli-

godendrocyte glycoprotein). Further, by using MOG35–55-

specific EAE induction in C57BL/6 mice we were able to

examine the effects of IFN-c on inflammation during both

acute and chronic phases of EAE. Although these studies

clearly delineated a vital role for IFN-c signalling in T-cell

invasion and inflammation during the initiation of EAE

disease, the role of IFN-c in secondary T-cell recruitment

to established CNS inflammatory sites and the subsequent

exacerbation of established disease were not addressed.

Here, we used serial adoptive transfer of polyclonal

IFN-c-sufficient or IFN-c-deficient MOG35–55-specific

CD4+ T-cell lines to examine the role of IFN-c produc-

tion in secondarily recruited T-cell activity within estab-

lished sites of inflammation in both classical spinal-cord-

targeted EAE (cEAE) and non-classical cerebellar-targeted

EAE (nEAE). We used these CNS-region-specific diseases

to examine the activities of IFN-c following disease initia-

tion within each tissue. We made use of a serial adoptive

transfer methodology to dissect the effects of IFN-c on

different stages of disease development including the initi-

ation of lesions, secondary T-cell recruitment to estab-

lished sites of inflammation, and exacerbation of chronic

disease. Using these techniques, we found that previous

formation of lesions, even clinically silent lesions, abro-

gates the effect of IFN-c production on future inflamma-

tion of both the spinal cord and cerebellum. These data

suggest that initiation of EAE within a tissue makes that

tissue more permissive to future inflammation.

Materials and methods

Mice

C57BL/6J and congenic CD45.1 (Ly5.2) mice were pur-

chased from the National Cancer Institute (Bethesda,

MD) and IFN-c-deficient B6.129S7-ifngtm1Ts/J mice were

purchased from Jackson Laboratories (Bar Harbor, ME).

All experiments were approved by the University of

Maryland, Baltimore Animal Care Committee and all

mice were housed in an AAALAC approved facility.

T-cell lines

To generate MOG-specific cell lines, C57BL/6J or IFN-c-
deficient B6.129S7-ifngtm1Ts/J mice were immunized sub-

cutaneously with 50 lg MOG35–55 peptide (Sigma Genosys,
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Woodlands, TX) emulsified in incomplete Freund’s adju-

vant and supplemented with 500 lg/ml Mycobacterium

tuberculosis. CD4+ cells were isolated from the spleen as

previously described.19 Cells were then stimulated at a

concentration of 1 9 106 cells/ml in the presence of

5 9 106 cells/ml irradiated C57BL/6 splenocytes, 10 lg/ml

MOG35–55, 10 units/ml interleukin-12 (IL-12) and

10 units/ml IL-2, in RPMI-1640 complete medium con-

taining 10% fetal calf serum. Cells were isolated 7 days later

by density centrifugation then restimulated in the absence

of IL-12 under all other conditions outlined above. Cells

underwent two to four rounds of stimulation then were

tested for cytokine production capacity as previously

described. Cells were then stored at �70° in 10% DMSO

containing fetal calf serum. Before use, cells were thawed

and restimulated for 7 days with 10 lg/ml MOG35–55 and

10 units/ml IL-2. Before injection, cells were again restimu-

lated for 4 days with MOG35–55 and IL-2, separated by den-

sity centrifugation, then washed and resuspended in

Hanks’ balanced salt solution. The cytokine profile of each

line was determined as previously described.20 Ovalbumin

(OVA) -specific T-cell lines were produced using the same

protocol with 900 lg whole OVA substituted for MOG35–55.

To determine the appropriate T-cell dose to induce EAE,

variable numbers of cells in 300 ll Hanks’ balanced salt

solution were transferred by intravenous injection into the

tails of 6- to 8-week-old mice, and animals were monitored

for the development of clinical scores.

Two distinct wild-type and two distinct IFN-c-deficient
T-cell lines were used for the experiments presented here.

Each table includes data generated using both sets of cell

lines to insure reproducibility among individual T-cell

lines.

Clinical scoring

Mice were examined daily for symptoms for at least

30 days after adoptive transfer. Symptoms of classical

EAE were scored based on area(s) affected (1 = partial or

total flaccid paralysis of tail; 2 = hind limb weakness/dis-

rupted righting reflex; 3 = flaccid paralysis in one hind

limb; 4 = flaccid paralysis in both hind limbs; 5 = mori-

bund/dead). Symptoms of non-classical EAE were scored

based on a non-progressive analysis of anatomical area(s)

affected, signs of rigor, signs of ataxia/dysequilibrium,

and the severity of the effects (1 = rigor in the tail;

2 = widened stance, leaning or wobbling to one side,

mild ataxia; 3 = constant turning to one side, rigor in

one limb, moderate ataxia; 4 = rolling of animal, rigor in

two or more limbs, severe ataxia; 5 = moribund/dead).

Statistics

All statistics were performed using GRAPHPAD PRISM 5

software (GraphPad Software Inc., La Jolla, CA).

Results

We wished to examine the role of IFN-c in secondary T-

cell-mediated inflammation. A previous report indicated

that IFN-c-producing encephalitogenic T cells blocked the

development of EAE inflammation of the cerebellum.18

Given this information, we wanted to determine if IFN-c
could act therapeutically on established cerebellar nEAE

disease. We have previously reported that while cells

begin to accumulate within preparations made from the

CNS within 3 days of adoptive transfer, reliable invasion

of the cells into perivasculature and parenchyma occurred

~5 days after transfer21. Hence, to determine if production

of IFN-c signalling after initial T-cell invasion was suffi-

cient to protect the cerebellum from fulminant EAE

development, we induced non-classical EAE by adminis-

tration of 5 9 106 IFN-c-deficient MOG35–55-specific

CD4+ T cells then, either immediately following the initial

injection or 5 days later, we injected a pathogenic dose

(5 9 106) of an IFN-c-sufficient MOG35–55-specific cell

line. Very early administration of IFN-c-producing cells

relative to the nEAE initiating IFN-c-deficient T-cell

administration resulted in blockade of nEAE and induc-

tion of cEAE, whereas later administration of IFN-c-
producing cells had no effect on the number of mice dis-

playing nEAE (Table 1).

Interestingly, mice that received IFN-c-producing cells

after initiation of cerebellar inflammation appeared to

develop exacerbated disease symptoms, when compared

with mice given equivalent numbers of an activated

IFN-c-sufficient cell line specific for OVA or additional

numbers of IFN-c-deficient MOG35–55-specific T cells

(Table 1). Indeed we found, using a Kruskal–Wallis test

with Dunn’s multiple comparison test, that the nEAE

scores associated with a secondary dose of IFN-c-suffi-
cient cells were significantly increased over the nEAE

scores of mice that received IFN-c-deficient T cells or

cells that lack CNS antigen specificity (P < 0�05 for both).

Further, using a one-way analysis of variance with

Tukey’s multiple comparison test we found that the addi-

tion of IFN-c-sufficient T cells after initial invasion

resulted in a significant increase in EAE mortality

(P < 0�05 compared with all other conditions) (Fig. 1).

These data suggested that while production of IFN-c
blocked the development of cerebellar lesions during

initiation of neuroinflammation, subsequent production

of IFN-c exacerbated established cerebellar EAE. These

findings may help to explain many of the seemingly con-

tradictory reports regarding the role of IFN-c in EAE and

MS pathogenesis by highlighting differential functions of

IFN-c at different stages of neuroinflammation.12,13,22–24

We performed complementary experiments to

determine if a secondary injection of IFN-c-deficient
MOG35–55-specific T cells was sufficient to exacerbate

established cEAE. To induce cEAE we injected 5 9 106
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IFN-c-sufficient MOG35–55-specific CD4+ T cells. At

5 days after the initial injection, we injected 5 9 106 of

an IFN-c-deficient MOG35–55-specific cell line, an IFN-c-
sufficient OVA-specific cell line, or the initially injected

IFN-c-sufficient MOG35–55-specific T-cell line, and exam-

ined mice over time for clinical symptoms of EAE

(Fig. 2). Interestingly, both MOG35–55-specific cell lines

increased peak classical EAE clinical scores, apparently

without regard for IFN-c production capacity, resulting

in a statistically significant difference in clinical scores

compared with mice that received OVA-specific cells or

diluent (Fig. 2). These data demonstrate that following

lesion formation within the spinal cord, newly recruited

MOG35–55-specific T cells are not required to produce

IFN-c to exacerbate disease.

Given the capacity of both IFN-c-sufficient and IFN-c-
deficient cell lines to exacerbate established acute cEAE

we wished to determine what effect, if any, IFN-c produc-

tion would have on exacerbation of chronic EAE. To

address this we examined the capacity of newly activated

IFN-c-sufficient and IFN-c-deficient cells to exacerbate

chronic cEAE symptoms.

To determine the role of IFN-c in exacerbation of pre-

viously resolved EAE we induced cEAE by injecting

5 9 106 IFN-c-sufficient MOG35–55-specific CD4+ T cells

and examined mice over time for clinical symptoms of

EAE. On day 23 (during or immediately after acute dis-

ease resolution) or day 90 (� 60 days after acute EAE

resolution in all mice) after the initial injection, we

injected 5 9 106 of an IFN-c-deficient MOG35–55-specific

cell line, an IFN-c-sufficient OVA-specific cell line, or the

initially injected IFN-c-sufficient MOG35–55-specific T-cell

line. At both time points, re-administration of the ini-

tially injected IFN-c-sufficient MOG35–55-specific T-cell

line was sufficient to re-induce acute clinical symptoms

similar in severity to those seen following initial EAE

development (Table 2). This exacerbation of previously

resolved disease was antigen dependent as adoptive trans-

fer of equal numbers of an OVA-specific T-cell line had

little to no effect on clinical manifestation (Table 2).

Interestingly, a second injection of an IFN-c-deficient
MOG35–55-specific cell line was also sufficient to re-

induce acute cEAE symptoms, at both time-points

(Table 2, Fig. 3). At day 23 most mice developed only

classical disease, suggesting that sufficient numbers of the

initial IFN-c-sufficient encephalitogenic T cells remain

active at this time to determine lesion localization. In

contrast, at day 90 mice developed both cerebellar and

Table 1. Interferon-c production after disease initiation does not protect the cerebellum from non-classical (cerebellar) experimental autoim-

mune encephalomyelitis (nEAE)

Transferred cells1
Incidence of nEAE

(Peak CS � SD)2
Incidence of cEAE

(Peak CS � SD)2 Mortality3

Group A Day 0 IFN-c�/� 19/20 (2�7 � 1�0) 0/20 1/20

Group B Day 0 IFN-c�/�

Day 0 WT

0/10 10/10 (3�0 � 1�6) 2/10

Group C Day 0 IFN-c�/�

Day 5 WT

25/25 (4�7 � 0�5)4 5/25 (2�2 � 1�6) 21/255

Group D Day 0 IFN-c�/�

Day 5 IFN-c�/�
14/14 (3�5 � 0�9) 0/14 5/146

Group E Day 0 IFN-c�/�

Day 5 OVA

10/10 (3�2 � 1�0) 0/10 1/10

Group F Day 0 WT

Day 5 IFN-c�/�
0/8 8/8 (2�9 � 0�6) 0/8

Group G Day 5 IFN-c�/� 20/20 (2�1 � 0�7) 0/20 0/20

Group H Day 5 WT 0/20 18/20 (2�6 � 1�1) 1/20

1Transferred cells: 5 9 106 IFN-c-deficient MOG35–55-specific CD4+ T cells (IFN-c�/�) and/or 5 9 106 wild-type MOG35–55-specific CD4+ T cells

(WT) were administered at the start of the experiment (Day 0) or 5 days later (Day 5) (where MOG35–55 is a peptide comprising amino acids 35

to 55 of the myelin oligodendrocyte glycoprotein).
2(Peak CS � SD): The mean peak clincial score and standard deviations for each group are shown.
3Mortality: includes euthanasia due to acquisition of a nEAE or cEAE clinical score of 5 (the majority of mice) or spontaneous death (three mice

in Group C, one mouse in Group D).
4Results of Group C peak clinical score were significantly different compared with all other groups by a Kruskal–Wallis test with Dunn’s multiple

comparison test (P < 0�05).
5Group C: mortality was associated with severe nEAE. Only one of the fatalities showed symptoms of classical disease. Results of group C were

found to be significantly different from those of all other groups by one-way analysis of variance using Tukey’s multiple comparison test

(P < 0�05).
6Results of Group D were were found to be significantly different from those of Group G by a Kruskal–Wallis test with Dunn’s multiple compar-

ison test (P < 0�05).
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spinal cord forms of disease, suggesting that in the

absence of continued IFN-c signalling prior inflammation

still allowed secondary inflammation and reactivation of

resolved disease. Together, these data suggest that the

presence of established lesions is sufficient to allow exac-

erbation of chronic cEAE symptoms regardless of the

IFN-c-producing status of secondarily invasive encephali-

togenic T cells. These findings also correspond with the

conclusions of previous works that described enhanced

T-cell CNS invasion in the context of previous inflamma-

tion due to exogenous mediators.4,21,25,26

We wished to further examine the effects of established

lesions on regional disease exacerbation by examination

of the nEAE model. Unfortunately, the non-classical

model of EAE does not follow the predictable and closely

timed resolution of acute clinical symptoms observed in

the cEAE model, instead displaying characteristics of a

severe chronic disease state. As such, rather than examin-

ing the capacity of cells to exacerbate resolved disease, we

instead examined whether the formation of clinically

silent lesions within the cerebellum and brainstem would

allow future IFN-c-sufficient MOG35–55-specific cells to

initiate nEAE. To address this issue we adoptively trans-

ferred a suboptimal dose (1 9 106) of an IFN-c-deficient
MOG35–55-specific cell line, and then either 5 or 23 days

later gave a secondary injection containing 5 9 106 of an

IFN-c-sufficient MOG35–55-specific T-cell line. Interest-

ingly, pretreatment with the IFN-c-deficient line allowed

induction of nEAE in a substantial proportion of mice

following transfer of a pathogenic dose of IFN-c-sufficient
encephalitogenic cells (Table 3). These data demonstrated

that the existence of clinically silent lesions within the

cerebellum or brainstem can allow future inflammation at

those sites regardless of IFN-c production by secondary

pathogenic T cells.

Discussion

Overall, the data presented here demonstrate that the

molecular requirements for T-cell invasion of the CNS

may differ depending on the underlying inflammatory

condition of the CNS tissue. Indeed, these data suggest
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Figure 1. Addition of freshly activated encephalitogenic interferon-c (IFN-c) -sufficient cells shortly after induction of non-classical experimental

autoimmune encephalomyelitis (EAE) exacerbates disease. Mice received 5 9 106 IFN-c-deficient MOG35–55-specific CD4+ T cells (Groups A, C,

D, E), 5 9 106 IFN-c-sufficient MOG35–55-specific CD4+ T cells (Group F), or Hanks’ balanced salt solution (HBSS) (Groups G, H) (where

MOG35–55 is a peptide comprising amino acids 35 to 55 of the myelin oligodendrocyte glycoprotein). In addition, one group (Group B) received

both 5 9 106 wild-type and 5 9 106 IFN-c-deficient MOG35–55-specific CD4+ T cells concurrently. Five days later mice received 5 9 106 wild-

type MOG35–55-specific CD4+ T cells (Groups C, H), 5 9 106 wild-type ovalbumin-specific CD4+ T cells (Group E), 5 9 106 IFN-c-deficient
MOG35–55-specific CD4+ T cells (Groups D, F, G), or an equivalent amount of HBSS (Group A). Group composition is summarized in (a).

Mouse survival was then followed over time (b). Mice were examined for the development of both non-classical (c) and classical (d) EAE symp-

toms. Results shown were collected from two separate experiments using five mice in each group.
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that previous T-cell invasion of CNS tissue, even in the

absence of clinically visible disease, is sufficient to make

that tissue more permissive to future inflammation. Ulti-

mately, these data suggest that regarding pre-clinical

investigation of new therapeutics, the most clinically

applicable results may be provided by examination of

therapeutic function in the context of ongoing CNS

inflammation.

These studies made extensive use of a serial adoptive

transfer technique to examine sequential instances of dis-

ease activity. Several studies have suggested that resolu-

tion of acute EAE is associated with active regulation of

ongoing T-cell responses.27,28 These findings would seem

to suggest that exacerbation of chronic EAE by introduc-

tion of fresh activated encephalitogenic T cells could be

inhibited by ongoing suppression of myelin antigen-spe-

cific T cells within the CNS, an idea that would fit well

with the emerging models suggesting that tissue-specific

inflammation can result in enhanced activity of local reg-

ulatory T cells.29,30 However, we previously reported that

adoptive transfer of a second dose of MOG35–55-specific

encephalitogenic T cells following acute EAE resolution

was sufficient to induce a second instance of acute

inflammation, suggesting that active regulation was not

occurring in our system.21 This apparent contradiction

could result from the differences involved in timing,

induction method, or method of re-challenge.

There is a wealth of data suggesting that conditioning

of tissue within the CNS is vital to the development of

EAE.4,21,25,26 Current models suggest that under homeo-

static conditions the unique cellular architecture of the

CNS system prevents CNS antigen-specific effectors from

invading the parenchyma. Instead, EAE initiation is

thought to begin with infiltration of small numbers of

autoreactive T cells into the subarachnoid space of the

CNS, with some evidence to suggest that this infiltration

occurs through the choroid plexus or directly into the

subarchnoid space following introduction of exogenous

inflammatory mediators.2,5,31–33 This primary infiltration

of the CNS is followed by restimulation of the CNS-

specific T cells, induction of chemokine and adhesion

molecule expression in distal regions of the CNS
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Figure 2. Addition of freshly activated encephalitogenic cells exacer-

bates ongoing classical experimental autoimmune encephalomyelitis

(cEAE) regardless of the capacity of new cells to produce interferon-

c (IFN-c). Mice received 5 9 106 wild-type MOG35–55-specific CD4+

T cells (where MOG35–55 is a peptide comprising amino acids 35 to

55 of the myelin oligodendrocyte glycoprotein). Five days later mice

received either another 5 9 106 wild-type MOG35–55-specific CD4+

T cells (▲), 5 9 106 wild-type ovalbumin-specific CD4+ T cells (◊),
5 9 106 IFN-c-deficient MOG35–55-specific CD4+ T cells (●), or an

equivalent amount of Hanks’ balanced salt solution (HBSS) (□).
Mice were then followed for the clinical symptoms of cEAE over

time. The * indicates a statistically significant difference (P < 0�05)
at the 20-day time-point for both HBSS and ovalbumin-treated

groups when compared with both wild-type (WT) and IFN-c knock-

out (KO) groups by a Kruskal–Wallis test with Dunn’s multiple

comparison tests. Results shown were collected from two separate

experiments using five mice in each group.

Table 2. Addition of freshly activated encephalitogenic cells exacer-

bates chronic classical experimental autoimmune encephalomyelitis

(cEAE) disease regardless of the capacity of new cells to produce

interferon-c (IFN-c)

Transferred cells1
Incidence of nEAE

(Peak CS � SD)2

Incidence of

2nd cEAE

(Peak CS � SD)2

Day 0 WT

Day 90 WT

0/12 12/12 (3�3 � 1�0)

Day 0

WT Day 90 IFN-c�/�
11/12 (2�4 � 1�1) 12/12 (3�6 � 0�8)

Day 0

HBSS Day 90 IFN-c�/�
10/10 (2�8 � 1�3) 0/10

Day 0

WT Day 90 OVA

0/10 0/10

1Transferred cells: Either 5 9 106 wild-type MOG35–55-specific CD4+

T cells (WT) or diluent (Hanks’ balanced salt solution; HBSS) was

administered at the start of the experiment (where MOG35–55 is a

peptide comprising amino acids 35 to 55 of the myelin oligodendro-

cyte glycoprotein). After 90 days mice received 5 9 106 wild-type

MOG35–55-specific CD4+ T cells (WT), 5 9 106 IFN-c-deficient
MOG35–55-specific CD4+ T cells (IFN-c�/�), or 5 9 106 wild-type

ovalbumin-specific CD4+ T cells (OVA).
2(Peak CS � SD): The mean peak clincial score and standard devia-

tions for each group are shown.
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(conditioning), and subsequent large-scale recruitment of

inflammatory cells to the CNS parenchyma, resulting in

lesion formation.5,34

Regional recognition of cytokines has previously been

shown to regulate lesion development in both the cerebel-

lum and spinal cord.17,18,35 Here we examined the effect

of previously established CNS inflammation on induction

of new neuroinflammatory symptoms and found that

previous regional cerebellar inflammation was sufficient

to allow new disease induction in the presence of the nor-

mally suppressive cytokine IFN-c. Additionally, previous
inflammation of the spinal cord was sufficient to allow

IFN-c-deficient T cells to induce new EAE symptoms

associated with the spinal cord, an area that these cells

are typically unable to invade. These data suggest either

that IFN-c functions early in the process of spinal cord

lesion formation or that the signal generated by IFN-c
during spinal cord disease induction is extremely long-

lived.

It is clear that many factors contribute to localized

development of lesions, including responding T-cell rep-

ertoire and functional capacity, CNS regional chemokine

production and immune cell chemokine expression, and

variable T-cell/endothelial cell adhesion molecule recogni-

tion.11,17,31,36–39 However, the study presented here exam-

ined only CNS tissue intrinsic changes following

inflammation induction. As such, the effect of previous

inflammation on other mechanisms of lesion localization

remains an important question.

In conclusion, the data presented here suggest that pre-

vious inflammatory insults predispose CNS tissue to fur-

ther inflammation long after the clinical effects of the

primary insult have been resolved. These findings are vital

to consider during the experimental investigation of new

therapeutics, studies often performed by examining the

effects of treatment on the induction of a primary inflam-

matory insult. Further, these data clearly suggest that

examinations of new therapeutic agents should account

for the apparent contribution of previously established

CNS inflammation in the development of new or exacer-

bated symptoms.
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Figure 3. Addition of freshly activated encephalitogenic cells exacer-

bates chronic classical experimental autoimmune encephalomyelitis

(cEAE) disease regardless of the capacity of new cells to produce

interferon-c (IFN-c). Mice received 5 9 106 wild-type MOG35–55-

specific CD4+ T cells (where MOG35–55 is a peptide comprising

amino acids 35 to 55 of the myelin oligodendrocyte glycoprotein).

After 23 days (a) or 90 days (b) mice received 5 9 106 of an IFN-c-
deficient MOG35–55-specific cell line (●), an IFN-c-sufficient ovalbu-
min-specific cell line (▲), or the initially injected IFN-c-sufficient
MOG35–55-specific T-cell line (■). Mice were then followed for the

clinical symptoms of cEAE over time. Results shown were collected

from eight mice (a) or 10–12 mice (b) in each group examined over

two experiments.

Table 3. Incidence and severity experimental autoimmune encepha-

lomyelitis (EAE) induced following clinically silent inflammation of

the cerebellum

Transferred cells1

Incidence of

nEAE2

(peak CS � SD)

Incidence of

cEAE2

(peak CS � SD)

Day 0: 1 9 106 IFN-c�/� 1/20 (2) 0/20

Day 0: 1 9 106 IFN-c�/�

Day 5: WT

16/20 (3�4 � 1�1) 20/20 (2�8 � 1�0)

Day 0: 1 9 106 IFN-c�/�

Day 5: OVA

5/20 (1�8 � 0�4) 0/20

Day 0: 1 9 106 IFN-c�/�

Day 23: WT

6/20 (2�6 � 0�8) 20/20 (3�0 � 1�0)

Day 0: 1 9 106 IFN-c�/�

Day 23: OVA

1/20 (1) 0/20

1Transferred cells: 1 9 106 interferon-c (IFN-c) -deficient MOG35–55-

specific CD4+ T cells (IFN-c�/�) were administered at the start of

the experiment then either 5 or 23 days later mice received 5 9 106

wild-type MOG35–55-specific CD4+ T cells (WT) or 5 9 106 wild-

type ovalbumin-specific CD4+ T cells (OVA) (where MOG35–55 is a

peptide comprising amino acids 35 to 55 of the myelin oligodendro-

cyte glycoprotein).
2(Peak CS � SD): The mean peak clincial score and standard devia-

tions for each group are shown.
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