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For this study, we used DNA-based immunizations to elicit gamma interferon-producing (Tc1) or interleukin
4 (IL-4)-producing (Tc2) CD8 T cells to the influenza virus nucleoprotein. We examined the response of these
cells to an intranasal viral challenge. Both the Tc2- and Tc1-biased responses were present in mice with
predominantly IL-4-producing (Th2) CD4 T cells. After viral challenge, Tc1 cells underwent more efficient
expansion than did Tc2 cells, and only Tc1 cells were detected at the site of infection. In contrast, the CD4
response remained IL-4 biased. However, only a limited number of CD4 cells appeared in the postchallenge
lung, and these were strongly enriched for the Th1 phenotype. Thus, the type of memory T-cell response
induced by DNA vaccination does not determine the type of response that will predominate at the site of an
infection.

Cellular immune responses are characterized by different
patterns of lymphokine secretion that are determined by the
interface between innate and acquired immune responses (for
reviews, see references 10, 11, and 18). The nature of the
microenvironment in which a T cell is activated by an antigen-
presenting cell influences the differentiation of the T cell into
different types of responses, which are defined and categorized
based on the profile of the cytokines produced. The signature
cytokine for type 1 cells is gamma interferon (IFN-�), whereas
the signature cytokine for type 2 cells is interleukin 4 (IL-4).
Type 1 and type 2 responses were originally identified for
clones of CD4 T-helper (Th) cells (9). Subsequent in vitro
studies have revealed similar cytokine profiles for other lym-
phocyte populations, including CD8 cytotoxic T cells (Tc) (15),
B cells (6), dendritic cells (17), natural killer cells (13), and
macrophages (8).

Specialization of the immune response toward type 1 or type
2 influences how the immune system combats a pathogen.
Type 1 responses are associated with high levels of IFN-�-
producing cytotoxic T cells, rearrangement of immunoglobulin
(Ig) genes to complement-dependent antibody, and the acti-
vation of phagocytic cells such as macrophages (5, 18, 22). In
contrast, type 2 responses are associated with rearrangements
of Ig to complement-independent and IgE antibodies and with
the mobilization of nonphagocytic defenses such as eosinophils
that combat microbes by the release of toxic factors (5, 18, 22).
Type 1 responses are the desired response for fighting intra-
cellular viral or bacterial infections, whereas type 2 responses
are favored for combating extracellular parasitic infections.

Recently, we demonstrated that DNA-based immunizations
could be used to elicit responses that varied from type 1 re-
sponses with predominantly IFN-�-producing CD4 and CD8 T
cells and complement-dependent antibody, through mixed

type 1 and type 2 responses, to type 2 responses in which most
of the CD4 and CD8 T cells produced IL-4 and the associated
antibody was complement independent (12). These studies
used DNA vaccines expressing secreted and plasma mem-
brane-associated forms of the influenza virus hemagglutinin
(HA) glycoprotein. The most strongly biased type 1 responses
were raised by intramuscular saline injections of DNA encod-
ing the plasma membrane form of HA (tmHA), whereas the
most extreme type 2 responses were raised by gene gun deliv-
eries of the secreted form of HA (sHA). Herein, we initiated
type 1 and type 2 CD8 T-cell responses against the influenza
virus nucleoprotein and assessed the fates of these responses
following a viral challenge.

Immunizations for an immunodominant epitope in the in-
fluenza virus nucleoprotein (NP) were conducted using DNAs
expressing the HA of influenza virus A/PR/8/34 (H1N1) fused
at the C terminus to H-2b-restricted class II and class I NP
epitopes (1, 19). These were termed tmHA-NP and sHA-NP,
respectively (Fig. 1A). After transient transfections, Western
blots detected the �75 kDa tmHA-NP in the cell lysates and
the �70 kDa sHA-NP in the cell lysates and supernatants (Fig.
1B).

Gene gun inoculations of sHA-NP were used to elicit a
Tc2-biased response, and gene gun inoculations of tmHA-NP
were used to elicit a Tc1-biased response against NP (Fig. 1C)
(12). Gene gun vaccinations were delivered at 0 and 4 weeks,
and splenocytes were harvested at 8 weeks for ex vivo enzyme-
linked immunosorbent assays (ELISPOTs) for IL-4- and IFN-
�-producing NP-specific T cells (Fig. 1C). The ELISPOTs used
epitope-specific NP class I and class II peptides for stimulation.
Gene gun delivery of the sHA-NP DNA elicited a Tc2/Th2-
biased response with about twice as many IL-4- as IFN-�-
producing cells for both CD8 and CD4 T cells. In contrast,
gene gun delivery of the tmHA-NP DNA elicited a Tc1/Th2
response with twice as many IFN-�- as IL-4-producing CD8 T
cells and more IL-4- than IFN-�-producing CD4 T cells. As
expected, splenocytes from a mouse that had survived an in-
fluenza virus infection had a Tc1/Th1-biased immune re-
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sponse, with NP-specific CD8 and CD4 T cells having higher
frequencies of IFN-�- than IL-4-producing cells.

To evaluate the responses of the NP-specific Tc2 and Tc1
cells to a challenge infection, we challenged mice intranasally
with an influenza virus. To prevent neutralizing antibody from
blocking the challenge infection, we used hemagglutinin of the
H1 subtype for the immunizations and used the A/HK/X-31
H3N2 reassortant virus (A/Aichi/2/68 � A/PR/8/34) for the
challenge. Neutralizing antibodies raised to these subtypes do
not cross-react. The challenge was administered 4 weeks after
the second DNA inoculation at week 8 in the study.

Following the intranasal challenge, the NP-specific CD8 T
cells underwent rapid expansion (Fig. 2). At 12 days postchal-
lenge, a major histocompatibility complex tetramer that recog-
nizes T-cell receptors specific for the H-2Db-restricted NP366-
374 epitope was used to quantify the frequencies of specific
CD8 cells in the lungs and spleens of the challenged mice.
NP-specific CD8 cells underwent expansion in both the sHA-
NP- and tmHA-NP-immunized mice. As expected, the expan-
sion of NP-specific CD8 T cells was more marked in the lung
than in the spleen. About 25% of the total lung CD8 T cells
were NP specific in both the sHA-NP- and tmHA-NP-immu-
nized mice. These levels of NP-specific cells were higher than
those in the lungs of unimmunized control mice, which were
about 6% of the total CD8 T cells. In the spleens, the
tmHA-NP and sHA-NP mice had 5.0 to 6.0% tetramer-specific
CD8 T cells, in comparison with just under 1% in the unim-

munized control mice. The tetramer-positive cells were acti-
vated CD4�, CD19�, CD8�, CD11ahi, NP-specific T cells.

Examination of the cytokines produced by the postchallenge
CD8 T cells revealed primarily IFN-�- and not IL-4-producing
cells in the lung (Fig. 3) (Table 1). At both 12 days and earlier
times postchallenge, the high frequencies of NP-specific CD8
T cells in the lung appeared to be exclusively IFN-� secreting.
Before challenge, no NP-specific CD8 cells were detected in
the lung, with the entire population of IFN-�-specific T cells
appearing to have been recruited to the lung in response to the
challenge infection. In the spleen, IFN-�-producing NP-spe-
cific T cells also predominated. Prior to challenge, the spleens
of the sHA-NP-vaccinated mice had contained higher frequen-
cies of IL-4-producing than of IFN-�-producing cells. How-
ever, the frequencies of IFN-�-producing cells underwent
much greater expansion (20- to 30-fold) than the IL-4-produc-
ing T cells (4- to 7-fold) in response to the challenge.

In contrast, the lymphokine profiles of the postchallenge
CD4 T cells revealed that this response was predominantly Th1
biased in the lungs but remained predominantly an IL-4-biased
Th2 response in the spleen (Fig. 3). The lungs contained about
four times more IFN-�-producing than IL-4-producing CD4 T
cells. In the spleens, the IL-4-producing CD4 T cells, which
had predominated prechallenge, underwent expansions com-
parable to those of the IFN-�-producing CD4 T cells, and the
Th2 bias of the CD4 response was maintained. The tmHA-NP
spleens had an 18-fold expansion in both IFN-�- and IL-4-
producing class II-restricted responses. The sHA-NP spleens
had 18-fold and 21-fold expansions in the IFN-�- and IL-4-
producing class II-restricted responses, respectively. A control
influenza virus challenge in mice that had not been DNA
vaccinated exhibited the expected type 1 bias for both CD8 and
CD4 cells in lungs and spleen.

All of the mice survived the sublethal challenge, with the
most severe weight loss occurring in the unvaccinated controls.
A trend toward increased weight loss in the group primed to
have an IL-4-producing CD8 T-cell response compared to the
weight loss in the group primed to have an IFN-�-producing
CD8 response was not significant (data not shown).

Our results suggest that Th2 and Tc2 cells differ in their
expansion following an influenza virus challenge. In our study,
NP-specific Tc1 cells underwent more effective expansion than
did NP-specific Tc2 cells in the spleen (Table 1). This finding
was in contrast to that for the NP-specific Th1 and Th2 cells
that underwent similar expansions in the spleen (Table 1). Our
study does not address whether the postchallenge change from
an IL-4-biased CD8 T-cell response to an IFN-�-biased CD8
response was due to a conversion of Tc2 to Tc1 cells or the
preferential expansion of Tc1 cells.

Our data also suggest a difference in trafficking and/or re-
tention of type 1 and type 2 cells to a pleural influenza infec-
tion. For both CD4 and CD8 T cells, type 1 cells were prefer-
entially enriched in the infected lung. This hypothesis is
supported by Wohlleben et al., who demonstrated previously
that infection with influenza virus not only induced Th1 re-
sponses but also suppressed the recruitment of Th2 cells in the
lung airways of mice (23). Evidence that retention plays a role
in the differential presence of type 1 and type 2 cells in the lung
has been provided by Cerwenka et al., who demonstrated that
although influenza-specific Tc2 and Tc1 cells trafficked to flu-

FIG. 1. DNA vaccines, expression, and immune responses.
(A) DNA expression vectors encoding transmembrane and secreted
forms of HA coupled with the H-2Db-restricted class I NP366-374
(CINP366)- and class II NP260-283 (CIINP260)-designated tmHA-NP
and sHA-NP, respectively (12). (B) Western blot of the expressed
proteins. The Western blot used polyclonal mouse sera that recognized
influenza A (H1N1). The specific bands are denoted by the arrows, and
a nonspecific band is represented by an asterisk. (C) Ex vivo ELISPOT
analyses of splenocytes harvested 4 weeks after gene gun vaccination of
C57BL/6 mice with 2 �g of DNA at 0 and 4 weeks (for a review of the
methods, see reference 12). Responding cells were stimulated with
peptides representing amino acids 366 to 374 (Class I) and amino acids
260 to 283 (Class II) of NP. The immunizing DNA and the lymphokine
tested for in the assays are indicated below the bars. Bars indicate the
average response � the standard deviation for groups of five mice.
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infected lung epithelium, only Tc1 cells were able to remain
within the infected tissues (3). The different retention kinetics
were explained by differences in � chemokine receptor (CCR)
expression. CCR3 and CCR4 are expressed on Th2 cells,
whereas CCR1 and CCR5 are expressed on Th1 effector pop-
ulations (1, 16).

Previous studies have demonstrated that different antigen-
presenting cell populations induce different types of responses,
especially at peripheral sites. Dendritic cells in the respiratory
tract are specialized for mobilizing a default Th2 immunity

(19). In contrast, alveolar macrophages are associated with the
development of Th1 cells and the attenuation of Th2 responses
(2, 4, 7, 21). This effect is believed to occur through the pro-
duction of IL-12 by macrophages (20). Alveolar macrophages
are highly susceptible to infection by influenza virus and ex-
press viral antigens upon infection (14). Consequently, these
cells may be mediating the type 1 T-cell responses in the lung
in our experiments.

In conclusion, we have tested the responses of type 1 and
type 2 NP-specific CD8 and CD4 T cells to a sublethal influ-

FIG. 2. Postchallenge H2-Db-NP tetramer-specific cells (A) Data are for tetramer-specific T cells in the lungs and spleens of individual mice
vaccinated with the indicated DNAs and then challenged with 0.1 hemagglutinating unit of influenza A/HK/x31 (H3N2) at 12 days postchallenge.
Lungs were harvested and processed for white blood cells in the same manner as were spleens (12). Cells were gated on CD8�, CD4�, and CD19�

cells and were cell surface stained for activated (CD11ahi) NP-specific (Db-NP tetramer�) cells. (B) Percentage of tetramer-positive CD8 T cells
for each group. Values represent the averages and standard deviations of the results for five mice per group and are representative of the results
for two independent experiments. Groups are indicated below the bars.

4378 NOTES J. VIROL.



enza virus infection and found that the expansion of the mem-
ory response at the site of infection was composed almost
exclusively of type 1 cells. Thus, for an influenza virus infection,
type 1 CD8 T cells predominate at the pleural site of inflam-
mation irrespective of whether Tc1- or Tc2-biased responses
were elicited by DNA immunization.
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