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Abstract
Human T-lymphotropic virus type 1 (HTLV-1) infection causes adult T-cell lymphoma/leukemia
(ATL) following a prolonged clinical incubation period, despite a robust adaptive immune response
against the virus. Early immune responses that allow establishment of the infection are difficult to
study without effective animal models. We have developed a cytotoxic T-lymphocyte (CTL) assay
to monitor the early events of HTLV-1 infection in rabbits. Rabbit skin fibroblast cell lines were
established by transformation with a plasmid expressing simian virus 40 (SV40) large T antigen and
used as autochthonous targets (derived from same individual animal) to measure CTL activity against
HTLV-1 infection in rabbits. Recombinant vaccinia virus (rVV) constructs expressing either
HTLV-1 envelope surface unit (SU) glycoprotein 46 or Tax proteins were used to infect fibroblast
targets in a 51Cr-release CTL assay. Rabbits inoculated with Jurkat T cells or ACH.2 cells (expressing
ACH HTLV-1 molecule clone) were monitored at 0, 2, 4, 6, 8, 13, 21, and 34wk post-infection. ACH.
2-inoculated rabbits were monitored serologically and for viral infected cells following ex vivo
culture. Proviral load analysis indicated that rabbits with higher proviral loads had significant CTL
activity against HTLV-1 SU as early as 2wk post-infection, while both low- and high-proviral-load
groups had minimal Tax-specific CTL activity throughout the study. This first development of a
stringent assay to measure HTLV-1 SU and Tax-specific CTL assay in the rabbit model will enhance
immunopathogenesis studies of HTLV-1 infection. Our data suggest that during the early weeks
following infection, HTLV-1-specific CTL responses are primarily targeted against Env-SU.

Introduction
Cytotoxic T-lymphocyte (CTL) responses are a primary host defense against viral infections.
Accurate measures of CTL activity are used to monitor the cellular immune response against
viral infections, and are critical to studies seeking to test vaccines or provide information about
immunopathogenic mechanisms of viral diseases. Many assays have been developed to
measure virus-specific major histocompatibility complex (MHC)-restricted CTL responses,
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from chromium-release assays to cytokine-detection assays. CTL assays are typically
performed by mixing CTL cells with their cognate targets in various ratios and measuring a
cell-death event. The lack of suitable target cells is often a problem when developing a MHC-
restricted CTL assay, particularly in experimental animal models using outbred animals such
as rabbits. Typically, when testing human- and mouse-specific MHC-restricted CTL responses,
B- and T-cell lines are used as target cells following immortalization with Epstein-Barr virus
and herpes saimiri virus, respectively. These viruses only infect a limited number of domestic
species and are not effective in immortalizing target cells in species such as dogs and cats
(1).

Herein we developed a CTL assay to measure human T-lymphotropic virus type 1 (HTLV-1)-
specific CTL responses in a rabbit model of infection. HTLV-1 is a deltaretrovirus and
causative agent of adult T-cell leukemia/lymphoma (ATL), and a number of neurologic- or
lymphocyte-mediated disorders [reviewed in (2)]. The HTLV-1 genome encodes for structural
proteins and enzymes (Gag, Env, reverse transcriptase [RT], protease, and integrase [IN]) (3–
8), as well as regulatory and nonstructural proteins. The pX region of the viral genome, through
alternative splicing of mRNA, encodes for regulatory or accessory gene products. One such
product is the transactivating protein (Tax), which is a known target of the cellular immune
response against the virus. The pX genome region also encodes for the regulatory protein (Rex),
and the nonstructural proteins p30, p12, p13, and the antisense encoded HBZ (2). The HTLV-1
envelope is expressed as a glycosylated precursor that is cleaved by cellular proteases into an
extracellular glycosylated surface unit (SU) gp46 and a transmembrane unit (TM) gp21 (9,
10).

A number of animal models of HTLV-1 have provided fundamental information about host
responses to the infection. The virus consistently infects rabbits (11,12), some nonhuman
primates (13,14), and to a lesser extent rats (15,16). The rabbit model has provided important
knowledge of the immune response against HTLV-1 infection, but is limited by the lack of
assays to measure specific cellular immune responses. To generate a CTL assay in this
important animal model we generated immortalized rabbit skin fibroblasts using simian virus
(SV-40). Rabbit fibroblasts were then used as autochthonous targets to measure CTL activity
against an infectious molecular clone of HTLV-1. Recombinant vaccinia virus (rVV)
constructs expressing either HTLV-1 envelope SU gp46 or Tax were used to infect fibroblast
targets in a 51Cr-release CTL assay. Specific CTL activity was measured from HTLV-1-
infected rabbits at early stages of infection. The development of a stringent assay to measure
HTLV-1 SU gp46 and Tax-specific CTL activity in a reproducible animal model provides an
important tool to monitor early immune responses to HTLV-1 infection. Serologic and proviral
load analysis indicated that rabbits with higher proviral loads had significant CTL activity
against HTLV-1 SU gp46 as early as 2wk post-infection, while both low- and high-proviral-
load groups had minimal Tax-specific CTL activity throughout the study. Our data suggest
that during the early weeks following infection, the HTLV-1 specific CTL response is first
directed against Env-SU gp46.

Materials and Methods
Animals, cells, and inocula

Six female 12-wk-old New Zealand white rabbits were obtained from commercial sources
(Harlan, Indianapolis, IN). The rabbits were kept in accordance with an animal care and use
protocol approved by The Ohio State University Animal Care and Use Committee. Peripheral
blood mononuclear cells (PBMCs) were isolated from 10–20mL of whole blood at each time
point from the lateral auricular artery. Percoll (Sigma-Aldrich Corp., St. Louis, MO) at 1.065
g/mL was used to isolate rabbit lymphocytes. PBMCs were kept in RPMI 1640 (GIBCO BRL,
Grand Island, NY), 15% FBS (GIBCO BRL), 1% penicillin-streptomycin (GIBCO BRL), 1%
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sodium pyruvate (GIBCO BRL), 2% L-glutamine (GIBCO BRL), recombinant human IL-2
(10U/mL) (NIH AIDS Reagent Catalog #136; 10,000U/mL), and 250 mL of 2-
mercaptoethanol. ACH.2 cells (5 × 106) containing the ACH full molecular clone of HTLV-1
were used to inoculate each rabbits as previously described (17). Identical numbers of HTLV-1-
negative Jurkat T lymphocytes were inoculated in the control rabbit.

Immortalization of primary rabbit fibroblasts
Following application of an appropriate anesthetic, skin biopsies were taken from all six rabbits
under aseptic conditions. The biopsies were trimmed and minced in Hank’s balanced salt
solution (GIBCO BRL) in the presence of collagenase (1mg/mL; Boehringer Mannheim,
Indianapolis, IN) and trypsin-EDTA (0.25% trypsin, 1mMEDTA; GIBCO BRL). Rabbit skin
fibroblasts were then incubated in a CO2 incubator at 37°C for 30 min. The solution was then
transferred to sterile 15-mL conical tubes and centrifuged at 500×g for 10 min. The primary
rabbit fibroblasts were resuspended in 82% Dulbecco’s MEM (GIBCO BRL), 15% fetal calf
serum (FBS) (GIBCO BRL), 1% sodium pyruvate (GIBCO BRL), 2% L-glutamine (GIBCO
BRL) and 0.1% enrofloxacin (Baytril; Bayer, Shawnee Mission, KN). The cells were
transferred to flasks and incubated at 37°C and 5% CO2 and reseeded weekly in fresh media.

Rabbit primary skin fibroblasts were monitored for proper morphology and confirmed by
staining for vimentin by immmunohistochemistry using an avidin-biotin complex method. The
primary antibody used was a mouse monoclonal vimentin antibody (clone V9) (Dako,
Carpintera, CA) at a 1:100 dilution. The secondary antibody used was a biotinylated horse anti-
mouse antibody (Vector, Burlingame, CA) at a dilution of 1:200.

To produce immortalized rabbit target cells for the CTL assay, 5×106 skin fibroblast cells
obtained from each rabbit were electroporated with 1 µg of pBR-SV plasmid as previously
described (1). Immortalized rabbit cell lines unique to each rabbit were maintained for
subsequent cytotoxic assays.

Immunostaining for SV40 large T antigen
Immunofluorescence assays were used to confirm large T-antigen expression in the rabbit skin
fibroblasts. Rabbit primary fibroblasts were grown on microscope slides in sterile conditions.
After a 12-h incubation period, rabbit primary fibroblasts were fixed with an ice-cold 1:1 mix
of acetone and methanol on ice for 1 h. After the 1-h incubation on ice, the rabbit primary
fibroblasts were rehydrated at room temperature for 3 min. After rehydration, the rabbit primary
fibroblasts were stained with mouse monoclonal SV40 large T antigen antibody (DP02;
Calbiochem; San Diego, CA) at 1:10 in phosphate-buffered saline (PBS) with 0.1% FBS
(GIBCO BRL) and 0.1% sodium azide (PBN). The slides were incubated for 1 h at 37°C, then
washed three times in PBN before staining with secondary antibody rabbit anti-mouse IgG
fluorescein isothiocyanate (FITC) (F7506; Sigma-Aldrich). The slides were then incubated for
1 h at 37°C, washed three times, rehydrated in water, and mounted with 50% glycerol in PBS
(GIBCO BRL) for viewing with a fluorescence microscope.

Recombinant vaccinia virus vectors expressing HTLV-1 SU and Tax
Recombinant vaccinia virus vectors (rVV) were used to deliver HTLV-1 genes expressing the
surface unit of envelope (SU) and transactivating protein (Tax) in each unique rabbit primary
skin fibroblast cell line. Vaccinia virus vectors rVV-wt (wild type), rVV-SU, and rVV-Tax
were used to infect rabbit fibroblast cell lines at a multiplicity of infection (MOI) of 5. The
infection was allowed to proceed for 3 h to allow sufficient HTLV-1 SU and Tax expression.
Western blot analysis confirmed expression of each protein.
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During the 51Cr-release assay, each unique rabbit skin fibroblast cell line was infected at an
MOI of 3 with VV-wt, rVV-SU, or rVV-Tax, incubated for 3 h, and washed three times with
RPMI 1640 complete media. After the third wash, the rabbit primary skin fibroblasts were
incubated for an additional 30 min at 37°C in 5% CO2 to test spontaneous chromium release.
Following this incubation, the wells were washed one more time before addition of rabbit
PBMCs at the indicated effector-to-target ratios (E:T).

Detection of provirus load by real-time PCR
To quantify provirus load in rabbit PBMCs, genomic DNA was isolated according to the
manufacturer’s protocol (Qiagen, Germantown, MD). The extracted DNA was tested for
quality and quantified (NanoDrop Technologies, Wilmington, DE). HTLV-1 Tax forward and
reverse primers were used at a final concentration of 300 nM. Dual-labeled probe was used at
a concentration of 200 nM. The real-time techniques and conditions have been previously
reported (18). The forward Tax primer 5′-CGG ATA CCC AGT CTA CGT GTT T-3′ and the
reverse primer 3′-TGG ACG CGT TAT CGG CTC AG-5′ were used to amplify genomic DNA.
The molecular probe used was 5′-VIC-TGC TGG CAC CAG ACT TGC CCT C-TAMRA-3′.
Standard curves performed in the same plate as the unknown test samples were generated from
an HTLV-1Taxgenestandard constructed bysubcloning a 161-bp fragment (nucleotides 6985–
7145; NCBI accession no. AF03 3817) from the pACH HTLV-1 proviral clone into the
pCR® 4-TOPO vector (Invitrogen, Carlsbad, CA).

For each test run, a standard curve was generated from triplicate samples of log10 dilutions of
plasmid DNA in DNAse/RNAse-free water. The lower limit of detection was estimated to be
82 copies/µg of DNA. The normalized copy number per cell was calculated based on the
estimation of 1 µg DNA = DNA from 134,600 cells.

Detection of p19 matrix antigen from ex-vivo-cultured PBMCs
HTLV-1 infection in rabbit PBMCs was tested using a p19 matrix antigen (MA) enzyme-linked
immunosorbent assay (ZeptoMetrix, Buffalo, NY) performed on supernatants from 3-d PBMC
cultures (1.0×106 per well) as previously described (19).

Serologic response to HTLV-1 infection
Reactivity to specific viral antigenic determinants was detected using a commercial HTLV-1
Western immunoblot assay (GeneLabs Diagnostics, Singapore) adapted for rabbit plasma by
the use of alkaline phosphatase-conjugated goat anti-rabbit immunoglobulin G (1:1000
dilution; bio-Mérieux, Inc., Durham, NC). Plasma (diluted 1:100) showing reactivity to
HTLV-1 Gag (p24 or p19) and Env (p21 or gp46) antigens was classified as positive for
HTLV-1 seroreactivity.

Results
Characterization of rabbit primary skin fibroblasts

To overcome MHC restrictions and create autochthonous targets (derived from the same rabbit)
we immortalized rabbit primary skin fibroblasts from each rabbit used in the study. The rabbit
primary skin fibroblast cell lines were developed from biopsies taken from the rabbits prior to
HTLV-1 infection, therefore each cell line was unique to each rabbit. The pBR-SV plasmid,
which expresses SV40 large T antigen, was electroporated into primary rabbit fibroblasts. The
generated immortalized primary rabbit skin fibroblast cell lines were expanded through 35
passages (Fig. 1A). The fibroblasts were stained for vimentin, a cellular intermediate filament
protein (Fig. 1B). Immunofluorescence assays (IFA) were conducted to confirm SV40 large-
T-antigen expression in the rabbit skin fibroblasts (Fig. 1C).
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HTLV-1 SU and Tax expression in CTL target cells
We used rVV vectors, which expressed either HTLV-1 SU or Tax in the immortalized rabbit
fibroblasts. Each of these HTLV-1 proteins are known targets of the cell-mediated immune
response in humans (20,21), and Western blot analysis confirmed that our immortalized rabbit
fibroblasts expressed HTLV-1 SU and Tax 6 h following infection (Fig. 2A and B).
Immortalized fibroblasts expressing wild-type vaccinia virus served as a negative control (Fig.
2A and B).

HTLV-1 infection in rabbits
We then used six female 12-wk-old New Zealand white rabbits to establish persistently infected
rabbits and a control rabbit. ACH.2 cells (5×106) containing the ACH full molecular clone of
HTLV-1 were used to inoculate each rabbit in the virus-infected group. Identical numbers of
HTLV-1-negative Jurkat T lymphocytes were inoculated in the control rabbit. The animals
were then monitored for virological and serological parameters of infection.

Rabbit serum samples were tested for reactivity to specific viral antigenic determinants by
HTLV-1 Western immunoblot assay. All ACH.2-inoculated rabbits seroconverted by 4wk after
exposure, and remained positive throughout the 34-wk study period (Fig. 3). The control rabbit
(ROS1) inoculated with Jurkat T lymphocytes had no virus-specific reactivity throughout the
study.

The production of HTLV-1 p19 matrix protein (MA) from ex-vivo cultured PBMCs was used
as an indicator of active virus replication from exposed rabbits. Production of p19 MA served
as a corollary to HTLV-1 virus expression. Rabbit lymphocytes isolated from 10–20mL of
whole blood were put into culture for 3 d and stimulated with fresh recombinant human IL-2
(10U/mL) (NIH AIDS Reagent Catalog #136; 10,000U/mL). The supernatant from the ex-
vivo culture was collected and used in a p19 MA ELISA. ROS1 had no detectable level of p19
expression for the entire length of the study. All ACH.2-inoculated rabbits had detectable levels
of ex-vivo p19 MA at multiple points during the study (Fig. 4). The average ex-vivo p19
production from cultured lymphocytes was 292 (week 8), 743 (week 13), 83 (week 21), and
53 (week 34) pg/mL. The highest detectable level of ex-vivo p19 production in all ACH.2-
inoculated rabbits was seen at 13wk post-infection. At 13wk post-infection ROS4 and ROS6
had the highest ex-vivo p19 production, at 1151 and 1050 pg/mL, respectively. As expected,
as the maturation of the immune response developed against the virus infection, ex-vivo p19
production declined to baseline levels at later time points in all HTLV-1-infected rabbits. At
the end of the study all ACH.2-inoculated rabbits had similar ex-vivo p19 production values.

We used real-time PCR to quantitatively measure the expression of our molecular clone of
HTLV-1 from rabbit PBMC samples throughout the course of infection. All ACH.2-inoculated
rabbits were negative for proviral copies at week 0, and ROS1, inoculated with HTLV-1-
negative Jurkat T lymphocytes, remained negative in this assay throughout the study. ACH.2-
inoculated rabbits developed a range of proviral copy numbers ranging from 13 (ROS4) to 286
(ROS5) HTLV-1-infected cells per 10,000 PBMCs, typical of the natural infection in
asymptomatic human subjects. The average proviral copy numbers following infection were
84 (week 8), 116 (week 13), 89 (week 21), and 166 (week 34) infected lymphocytes per 10,000
PBMCs (Fig. 5). ROS5 was the only rabbit in which the proviral copy numbers increased every
week following infection. At 21wk post-infection ROS3 and ROS4 had no detectable proviral
copies.

CTL assay
In our CTL assay we detected HTLV-1-specific CTL lysis of immortalized rabbit fibroblasts
infected with both rVV-SU and rVV-Tax. The assay conditions were purposely highly stringent
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and did not rely upon expansion of effector cells ex vivo with HTLV-1 antigens. The CTL
responses to both viral target proteins were low and variable and peaked at early time points
after infection (Fig. 6). An SU-specific CTL response was observed initially at 2wk post-
infection in rabbits ROS4 and ROS6. ROS4 and ROS6 had Env-SU-specific CTL lysis
percentages of 24.6 and 6.1, respectively. ROS4 and ROS6 were the only rabbits in which we
detected multiple SU-specific CTL responses over the course of infection. The Tax-specific
CTL response appeared at 4wk post-infection. ROS3 and ROS6 had HTLV-1-Tax-specific
CTL lysis percentages of 3.2 and 6, respectively. ROS6 was the only rabbit in which we
detected both SU- and Tax-specific CTL responses over the course of the study.

Discussion
Developing an MHC-restricted CTL assay for use in an outbred species such as the rabbit
model of HTLV-1 infection is an important tool for understanding early HTLV-1-infection
specific cell-mediated immune responses. Studies from HTLV-1-infected subjects are limited
and do not provide opportunities to examine the earliest HTLV-1-specific CTL responses
following infection because the time of virus exposure is typically unknown. Our study further
developed the rabbit model of HTLV-1 infection by using immortalized rabbit primary skin
fibroblasts to develop an autochthonous CTL assay to test early immune responses to this
important human retrovirus. We used recombinant vaccinia virus (rVV) constructs to express
the known HTLV-1 CTL target proteins SU gp46 and Tax in fibroblast targets. Following
establishment of HTLV-1 infection, we serially monitored rabbits for their CTL activity using
a stringent format. Our data indicated that rabbits with higher proviral loads had significant
CTL activity against HTLV-1 SU gp46 as early as 2wk post-infection, while both the low- and
high-proviral-load groups had minimal Tax-specific CTL activity. Our assay to measure
HTLV-1 SU- and Tax-specific CTL activity in the rabbit model provides a new tool to
understand the early events of HTLV-1 infection, which determine subsequent pathogenic
outcomes associated with this persistent retroviral infection.

In our CTL assay we were able to detect Env-SU specific CTL lysis as early as 2wk following
infection, and more frequently than CTL activity against Tax. Our ability to detect Env-SU-
gp46-specific CTL lysis in our assay earlier and more frequently is likely a reflection of early
viral proteins required during the early period of viral spread. In chronically infected human
subjects cell-mediated immune responses have been documented against both viral proteins
(22–33), but have not been evaluated during early viral spread following virus exposure. Our
data suggest that during the early weeks following infection, the HTLV-1-specific CTL
response is first directed against Env-SU gp46. This is likely because during early infection,
viral spread is dependent upon active virus replication and cell-to-cell transfer to establish a
targeted population of cells that act as reservoirs for subsequent clonal expansion during more
chronic phases of disease (34–36). This phase of infection is important for establishment of
the viral infection prior to a more robust and maturing immune response against HTLV-1.
Other reports have shown that Tax is the immunodominant protein (37), and the focus of the
cell-mediated immune response. However, these reports often focus on patients who have been
infected for many decades. This might explain why we did not detect more robust Tax-specific
CTL lysis during early infection.

An important caveat of our study method is the lack of viral antigen pulsing of effector cells
prior to testing in our CTL assay. In addition, we used stringent criteria (3 SD above background
as the positive cut-off). The inclusion of antigen pulsing combined with our more stringent
assay could have extended the sensitivity of our assay. In addition, we tested the response to
intravenous exposure of rabbits to HTLV-1 infection as a model of blood-product-associated
infection in humans. The natural route of HTLV-1 infection is from breast-feeding and sexual
transmission. Our animal model has the potential in future studies to test the early CTL
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responses against HTLV-1 by these mucosal routes of exposure. It will be important in future
studies to compare early CTL activity following oral versus intravenous transmission of
HTLV-1, as breast-feeding has been epidemiologically linked to favorable subsequent
development of ATL versus HAM/TSP (38–40). It will also be important to define the specific
cell type mediating target cell lysis in our assay using more refined effector cell separation
methods.

Conclusion
In conclusion, we have developed a stringent CTL assay in rabbits to monitor the early events
of HTLV-1 infection using autochthonous immortalized rabbit primary skin fibroblast cell
lines as MHC-restricted targets. This is the first study to examine the earliest HTLV-1-specific
cell-mediated immune responses following infection in the rabbit model. Our data suggest that
early HTLV-1-specific CTLs are primarily directed against Env-SU proteins following
infection. In the future, with the development of improved reagents for rabbits, and the
continued development of our CTL assay, we will be able to expand knowledge of early target
cells of the infection, and immunological events of the immune responses following infection.
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FIG. 1. Immortalized rabbit primary skin fibroblasts
(A) Photomicrograph of immortalized rabbit primary skin fibroblasts taken at
400×magnification by an inverted microscope. (B) Immunohistochemistry: Photomicrograph
of rabbit primary skin fibroblasts taken at 400× magnification by an inverted microscope. The
rabbit primary skin fibroblasts were positive for vimentin. (C) Immunofluorescence:
Photomicrograph of rabbit primary skin fibroblasts taken at 400× magnification by a
fluorescence microscope. Rabbit primary skin fibroblasts were positive for large-T-antigen
expression.
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FIG. 2. Expression of HTLV-1 Tax and SU in primary rabbit fibroblasts
(A) Western blot analysis depicting Tax expression from CMV-Tax-transfected and rVV-Tax-
infected rabbit primary skin fibroblasts. The arrow indicates the Tax-specific band at 40 kDa.
rVV-wt-infected rabbit primary skin fibroblasts did not express Tax. (B) Western blot analysis
depicting Env-SU expression in HTLV-1-positive HuT102 cells and rVV-Env-SU-infected
rabbit primary skin fibroblasts. rVV-wt did not express Env-SU.
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FIG. 3. Anti-HTLV-1 Western blot
Representative results from selected animals are shown. ROS1 was inoculated with HTLV-1-
negative Jurkat T lymphocytes, and never seroconverted. ROS-2, -3, and -4 were inoculated
with HTLV-1-positive ACH.2 cells. All ACH.2-inoculated rabbits seroconverted by week 4
(gp46I, glycoprotein 46 HTLV-1 Env surface unit; gp46II, glycoprotein 46 HTLV-2 Env
surface unit; gp24, HTLV-1 capsid; p19, HTLV-1 matrix; p21, HTLV-1 Env transmembrane
unit; asterisks denote serum loading control bands, indicating comparable concentrations of
serum immunoglobulin levels among the samples).
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FIG. 4. Ex-vivo p19 production from cultured rabbit lymphocytes
Rabbit lymphocytes were isolated from PBMCs and cultured for 24 h. p19 MA, a measure of
virus expression, was measured with an HTLV-1 ELISA. p19 expression was highest at 13wk
post-infection in all rabbits. At 34wk post-infection ex-vivo p19 production was at a similar
level in all rabbits.
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FIG. 5. Proviral load
Genomic DNA was isolated from PBMCs and used in a real-time PCR assay to detect provirus.
The average proviral load was 84, 116, 89, and 166 proviral copies per 10,000 PBMCs at 8,
13, 21, and 34wk post-infection, respectively. ROS1, the negative control, was below the level
of detection for the entire length of the study.
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FIG. 6. Specific lysis of rVV-SU- and Tax-infected immortalized rabbit fibroblasts
Freshly isolated PBMCs were placed into culture with rVV-infected autochthonous
immortalized rabbit primary skin fibroblasts expressing either SU gp46, Tax, or VV-wt
proteins at a 40:1 E:T ratio. Specific lysis of rabbit fibroblasts detected above 3 standard
deviations (3 SD) of the VV-wt-infected control was counted as true lysis, and appears to the
left of the 3 SD in parentheses. Note detection of anti-SU CTL responses more often and earlier
than anti-Tax CTL responses. Bold type indicates true specific lysis.
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