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Viral Persistence in Neurons Explained by Lack of 
Major Histocompatibility Class I Expression 

Viruses frequently persist in neurons, suggesting that these cells can evade immune 
surveillance. I n  a mouse model, 5 x lo6 cytotoxic T lymphocytes (CTLs), specific for 
lymphocytic choriomeningitis virus (LCMV), did not lyse infected neurons o r  cause 
immunopathologic injury. I n  contrast, intracerebral injection of less than lo3 CTL 
caused disease and death when viral antigens were expressed on  leptomeningial and 
choroid plexus cells of the nervous system. The neuronal cell line OBL21 expresses 
little o r  no major histocompatibility (MHC) class I surface glycoproteins and when 
infected with LCMV, resisted lysis by virus-specific CTLs. Expression of M H C  heavy 
chain messenger RNA was limited, but p,-microglobulin messenger RNA and protein 
was made normally. OBL21 cells were made sensitive to  CTL lysis by transfection with 
a fusion gene encoding another M H C  class I molecule. Hence, neuronal cells probably 
evade immune surveillance by failing to  express M H C  class I molecules. 

EURONS ARE ESSENTIAL FOR RE- 

ceiving, integrating, and passing 
information. Although they main- 

tain many essential functions of an orga- 
nism, they cannot be replaced once de- 
stroyed. Hence, it is likely that neurons have 

Division of Virology, Department of Neuropharmacol- 
ogy, Scripps Clinic and Research Foundation, La JoUa, 
CA 92037. 

unique strategies to avoid injury. Neurons 
can be persistently infected by many viruses 
(1). The cardinal host response to eliminate 
virally infected cells is the generation of 
CTLs (Z), which recognize and kill infected 
cells when viral peptides appear on the sur- 
face that are complexed to glycoproteins of 
the class I MHC (3). Yet, although activated 
CTLs can cross the blood brain barrier (4), 
they seem unable to lyse neurons that are 
~ersistentlv infected with anv of several dif- 

*Current address: Imperial Cancer Research Fund, Clare 
Hall Labratqries, South Minuns, Potters Bar, H e m  RNX Or DNA vimseb' 
EN6 3LD, United Kingdom. Neurons may have evolved a selective 

survival mechanism to avoid CTL recogni- 
tion and lysis, such as a failure to present 
viral peptides complexed by MHC glyco- 
proteins on the cell surface. Although the 
consequence of escape from CTL-mediated 
lysis would be favorable to the neuron, it 
would allow viruses to persist in these cells. 

Lymphocytic choriomeningitis virus 
(LCMV) infection is controlled primarily by 
virus specific CTLs (2, 5 ) .  We generated 
CTL clones to the major epitopes of LCMV 
(6): CTL clones 228 and 232 are Db-re- 
stricted and recognize amino acid residues 
(aa) 278 to 286 of the LCMV glycoprotein 
(GP); CTL clones HD8, HD9, and HD47 
are Ld-restricted and recognize aa 119 to 
127 of LCMV nucleoprotein (NP); and 
CTL clone Q9  is H-2crestricted and sees aa 
116 to 127 of NP ( 6 ) .  CTL clone K39 is 
H-2k-restricted and recognizes a non-GP, 
non-NP epitope located on the L RNA 
strand of the virus [either the viral polymer- 
ase or Z protein (6)]. During acute LCMV 
infection of the brain, virus replication is 
restricted primarily to cells in the lepto- 
meninges and choroid plexus and rarely, if 
ever, in neurons [(7)  and Fig. 1, top]. 
During persistent infection, the opposite 
occurs: neurons are heavily infected, but few 
other nervous system cells express viral an- 
tigens (Fig. 1, bottom). We took advantage 
of such observations to transfer LCMV- 
specific CTL intracerebrally to mice either 
acutely (87 mice) or persistently (36 mice) 
infected with virus. Virally infected neurons 
evaded CTL-mediated injury, and persis- 
tently infected mice remained alive through- 
out the 2- to 4-week observation period, 
despite receiving doses of CTLs > 1 x lo6 
per mouse. In contrast, intracerebral transfer 
of similar CTL clones to acutely infected 
mice resulted in immunopathologic injury 
and death within 7 to 12 days. This phe- 
nomenon was MHC-restricted since CTL 
clones were effective only when injected into 
mice of matched MHC haplotypes, includ- 
ing H-2b, H-2d, H-2k, and H-29 (Fig. 1). 
Death correlated directly with the number 
of CTL transferred. The 50% lethal dose 
(LD,,) end point ranged from 2 x lo2 to 8 
x lo2 CTL for all haplotypes (tenfold dilu- 
tions of CTL from lo6 to lo1, six mice per 
group). Thus, although CTLs efficiently 
lysed virus-infected cells of the choroid plex- 
us and leptomeninges, which express MHC 
class I glycoproteins, they did not kill neu- 
rons infected with virus. 

To examine the mechanism by which neu- 
rons escape CTL lysis, we studied interac- 
tions between neurons and CTL in vitro. 
The OBL21 cell line was established by in 
vitro transformation of olfactory bulb cells 
of newborn CD1 mice (H-2q haplotype) 
with a retroviral vector (8). Such cells re- 
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tained neuronal characteristics, including LCMV infection. LCMV-infected, OBL21 
the expression of neurofilaments, neuron- cells were not lysed by MHC-restricted anti- 
specific enolase, and voltage-dependent po- LCMV CTLs, but H-29 (SWW) fibro- 
tassium channels, and were permissive to blasts were killed effectively (Table 1). Yet, 

Table 1. OBL21 neuronal cells resist CTL killing. On the day of the assay, cells grown to near 
confluence were harvested and divided into two aliquots. One component was used to measure the 
surface expression of MHC class I molecules by immunofluorescence and flow cytofluorimetry 
(results shown in the upper part of the table). The second component was labeled with "Cr and 
used in a CTL assay. CTL results are shown in the lower part of the table. Surface expression of 
MHC class I molecules were determined by flow cytofluorimetry after incubation with MAbs 30-5-7 
(to L4 and D4) and 34-4-20 (to Kq) (18). Results shown are means of specific fluorescence index 
from analysis of lo4 cells. [Negative values obtained from labeling cells with fluorescein 
isothiocyanate-conjugated (FITC) goat antibodies to mouse IgG were subtracted from the values 
obtained when the cells were incubated with primary antibody and FITC reagent.] Dead cells, 
stained with propidiurn iodide, were discounted. Concentrations of antibodies were Saturating. 
Results shown from the CTL assay are the mean value of percent "Cr released from triplicate 
samples measured by a standard CTL assay (6). CTLs used were obtained from spleens of SWR/J 
mice that had been infected 7 days earlier with 2 x 10' PFU of LCMV. Effector (E) to target (T) 
ratio was the ratio of the number of CTLs to "Cr labeled target cells. Target cells were SWRJ 
fibroblasts, OBL21 neuronal cells, or IFN-y-treated (20 IU/ml, 48 hours) OBL 21 cells. Variance 
among triplicates was < 10%. Similar results were obtained from three independent experiments. 

SWRJ fibroblasts OBL21 OBL21 + IFN-y 

Condition treatment treatment treatment 

None* Peptidet LCMV* None* Peptidet LCMV* None* Peptidet LCMVS 

Flow cytometry (relative~uorescetzce) 
MAb 30-5-7 95 ND 115 7 6 10 260 250 350 
MAb 34-4-20 65 ND 80 0 0 0 73 70 90 

C T L  assay (% "Cr released) 
E:T 100:l 5 47 70 7 4 4 4 14 35 
E:T 50: 1 3 29 40 3 2 2 2 6 17 
E:T 25: 1 3 20 24 0 0 2 0 2 8 

"Unueated cells refer to cells not infected with virus and handled similarly. tchemically synthesized peptide 
representing aa 116 to 129 (20 pglml) was used to coat uninfected cells for the CTL. assay. Peptide was added to cells 
that were then cultured overnight and used in the CTL. assay. *Infection with LCMV was performed at a 
multiplicity of infection (MOI) of three, 72 hours before the assay. On the day of the assay >95% of the cells were 
infected, as detected by immunofluorescence with MAb to LCMV nucleoprotein. 

these neuronal cells assembled and replicat- 
ed infectious virus as determined by plaque 
titration of their supernatant fluids on 
susceptible Vero cells. The OBL21 cells, 
whether infected or not, expressed little 
MHC glycoproteins on their surfaces (Table 
1). Hence, the inability of OBL21 neuronal 
cells to express adequate levels of MHC class 
I molecules may enable their escape from 
lysis by CTL. 

To establish the role of MHC glycopro- 
teins, two approaches were used to modu- 
late their levels: treatment with interferon-y 
(IFN-y) and transfection that led to expres- 
sion of an exogenous MHC class I molecule, 
Db. IFN-y is a potent inducer of MHC 
expression in most cell types, including neu- 
rons (9). With the use of monoclonal anti- 
bodies (MAbs) to H-2q molecules and flow 
cytofluorimetry, we found that OBL2 1 cells 
treated with recombinant IFN-y were in- 
duced to express MHC class I molecules on 
their surfaces in a time- and concentration- 
dependent manner. Expression plateaued af- 
ter 48 hours of treatment with 10 IU/ml. 
Interferon-treated LCMV-infected OBL21 
cells, which expressed MHC class I mole- 
cules, were lysed by CTL (Table 1). Simi- 
larly, uninfected OBL21 cells were lysed 
when they received both IFN-y and the 
appropriate H-29 LCMV restricted chemi- 
cally synthesized peptide (Table 1). Thus, 
the MHC glycoprotein is required for lysis 
and OBL21 cells are susceptible to CTL 
mediated injury. 

When OBL21 cells were transfected to 
express Db MHC class I molecules and then 
infected with LCMV, they were lysed by 
Db-restricted, LCMV-specific CTLs, but 
not by H-2q-restricted CTLs. However, 
treatment with IFN-y restored lysis by 
H-2erestricted CTL and enhanced the kill- 
ing by Db-restricted CTL. The latter obser- 
vation directly correlated with an enhanced 
expression of Db molecules on the surfaces 
of these transfected cells (Table 2). The 
enhanced expression of the Db was not 
caused by an increase of the mRNA from 
the transfection vector, as detected by 
Northern (RNA) blot analysis. Interferon-y 
likely induced more efficient transport of Db 
molecules to the cell surface. Peptide is 
required to stabilize the MHC class I het- 
erodimer and allow their efficient transport 
to the cell's surface (10); a family of IFN- 
inducible genes may act as peptide trans- 
porters (1 1). This cell line may be down- 
regulated for these transporters as well as 
heavy chain mRNA. 

The p2-microglobulin (P2M) subunit of 
the MHC class I molecule is necessary for 
MHC class I expression at the cell surface 
and for MHC hnction as a restriction ele- 
ment (12). Cotransfection with expression 
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Table 2. OBL21 neuronal cells expressing the Db MHC class I molecule were lysed by Db-restricted 
CTL in a CTL assay. OBL21 cells expressing functional Db molecules were generated by calcium 
phosphate transfection with Mo-Db (19). The plasmid pBSpac (20) was couansfeaed to confer 
resistance to puromycin. Stable transfeaants were selected with puromycin at 2 pg/ml. In the initial 
population, 20% of the cells expressed Db on their cell surface by flow cytofluorimetry using MAb 
B22/249 (18). After three rounds of sorting, 80% of the cells stained positively for Db. The data 
presented are the percent 51Cr released from this cell population after a CTL assay as described in 
Table 1. When treated with 10 IU/d of IFN-y for 48 hours, the cells showed a mean fluorescence 
intensity of 420, baseline value was 36. Cells needed to be grown in puromycin and sorted 
frequently to maintain expression of the Db. The CTL clone HL228 recognizes an epitope 
corresponding to aa 278 to 286 of the glycoprotein of LCMV. Similar results were obtained in 
three independent experiments. 

% "Cr released from 
OBL2 1 targets expressing 

Anti-LCMV MHC E:T Db and treated with 
CTLs restriction ratio 

None LCMV IFN- IFN-Y 
Y LCMV 

SWRjJ day 7 Spl 9 50:1,25:1 1,o 7, 3 5 , l  36,24 
C57BL/6 day 7 Spl b 50:1,25:1 4 , l  20,13 13,6 54,30 
HL 228 CTL Clone Db 5:1,2.5:1 5 , l  22,13 3, 1 32, 15 

vectors for the P2M molecule (13) did not 
enhance the surface expression obtained 
with the Db vector alone. When the endog- 
enous mRNAs for heavy chain and for P2M 
were measured by Northern blot analysis, 
heavy chain expression in OBL21 neuronal 
cells was 2% to 3% that of a control H-2'7 
fibroblast cell line (Fig. 2). In contrast, P,M 
mRNA expression was equivalent in the 

SWRJ OBL 21 SWRJ OBL 21 
1FpJ-y - - +  + - -  - - + + - -  

Fig. 2. A specific deficiency in expression of MHC 
class I heavy chain mRNA in OBL21 neuronal 
cells. A Northern blot containing RNA extracted 
from OBL21 neuronal cells and from SWRJ 
fibroblasts was probed for MHC class I heavy 
chain, $2-microglobulin (P2M), and p actin 
expression. Both cell types are H-2s. Cell lines 
were untreated or treated with IFN-Y at 20 IU/d 
for 48 hours or with cycloheximide (20 Mml) 
overnight. Total cytoplasmic RNA (10 pg) per 
lane was separated on a 1.5% agarose formalde- 
hyde gel (21). RNA was transferred onto a Hy- 
bond-N membrane and hybridized successively 
with the three different probes. Labeling, hybrid- 
ization, and stripping of the probes were done 
with standard protocols (21). The two upper 
panels represent different autoradiographic expo- 
sure times for the blot probed for MHC class I 
RNA (left, overnight; right, 72 hours). Probes 
for MHC class I heavy chains and for P2M have 
been described (22). The probe for actin was a 
300-bp fragment of mouse P actin EDNA. 

OBL21 and fibroblast cell lines. Similarly, 
P2M protein expression was equivalent in 
both OBL21 and fibroblast as detected by 
immunoprecipitation of OBL21 neuronal 
cells and H-29 fibroblasts, after steady-state 
labeling with [35S]methionine. The disasso- 
ciation of MHC class I heavy chain tran- 
scription and translation from that of P2M 
light chain was surprising, because both 
were previously found to be coregulated and 
share homologies in their promoter regions 
(13). IFN-y treatment increased MHC 
heavy chain and P2M mRNA in both 
OBL21 cells and H-29 fibroblasts when 
compared to levels in untreated cells; in 
OBL21 cells the heavy chain increased to 
amounts normally found in untreated H-2'7 
fibroblasts. 

OBL21 neuronal cells and H-24 fibro- 
blasts treated with cycloheximide (20 kg1 
ml) showed a four- to fivefold increase in 
mRNA for the heavy chain (Fig. 2), when 
compared to untreated cells, suggesting that 
this mRNA species was negatively regulated 
by a protein with a short half-life (14). 

In summary, our studies indicate that 
neuronal cells do  not express sufficient class 
I MHC molecules to serve as targets for 
CTL. The defect is in the amount of heavy 
chain expressed and can be overcome by 
transfection with an MHC dass I heavy 
chain expression vector or induction with 
IFN-y. This milieu provides a safe-house in 
which viruses can rest in neurons and avoid 
immunologic detection. The end result is a 
balance that may compromise neuronal 
function (15) but allow them to avoid de- 
struction by killer T lymphocytes. 
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