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ABSTRACT
As the research and use of immunotherapies is expanding, isolating ideal combinational strategies has
become the next goal for many investigators. Vaccine therapies are also becoming one of the many
combinational strategies being utilized in conjunction with immunostimulatory antibodies such as
checkpoint blockade or adjuvants to stimulate immune responses. Here we review aspects of the immune
responses that remain to be considered for designing future targeted therapies given the recent findings
of the role of out of order T cell activation signaling. Specifically, we review some considerations in
generating primary T cell responses under conditions of strong immunostimulatory signals based on
recent studies completed by our group and others.
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Factors impacting primary immune responses

The goal of most therapeutic vaccine approaches is to induce
robust primary antigen-specific responses which then lead to
strong antigen-specific secondary responses upon rechallenge.
However, there are many parameters that may affect the induc-
tion of a successful primary response. These include: the nature
of the antigen, the method of administration, the duration of
antigen exposure, the age of the recipient which markedly
affects the number and activity of naive T cells and the inflam-
matory milieu that accompanies the response which can drive
both antigen-presenting cell (APC) and T cell responses. It is
now well documented that the generation of a successful pri-
mary antigen-specific T cell response requires the successive
completion of certain steps that proceed in a critical order.
These have been called “Signals” by which the na€ıve antigen-
specific T cell interacts with the APC (Fig. 1A). “Signal 1”
occurs when the T cell receptor (TCR) on the na€ıve CD4C or
CD8C T cell interacts with the APC where the antigen is pre-
sented in the context of MHC Class I or Class II molecules.
“Signal 2” results when costimulatory receptors such as CD28
bind to their ligands in response to signal 1 (i.e. B7 proteins
present on the licensed APC). “Signal 3” then occurs when a
component of the IL2 receptor, CD25, is upregulated following
Signal 1, forming the high affinity IL2 receptor complex which
allows for greater proliferative and activation responses after
exposure to cytokines such as IL2 even at low levels.1 This
results in a selective advantage for the antigen-primed T cell to
respond to cytokines and clonally expand. The successful com-
pletion of these 3 steps allow for T effector cell generation as
well as the subsequent programming of the T cell to become a

long-lived antigen-specific memory T cell critical for the gener-
ation of recall responses to the antigen. It has been demon-
strated that the sequence of these signals, particularly Signal 1
and Signal 2, are absolutely critical for an antigen-specific T cell
activation. This represents a critical control checkpoint in
immune activation. Signal 1 without Signal 2 has been demon-
strated to result in unresponsiveness or antigen-specific anergy
of the T cell.1-3 Signal 1 occupancy is also critical for increased
proliferation and upregulation of CD25 to allow for increased
responsiveness to IL2.4,5 The vast majority of studies thus far
have focused on the impact of Signals 1 and 2. However, the
role of Signal 3 alone on T cell function, particularly with
regard to na€ıve T cells, has remained elusive until the recent
studies by Sckisel et al. and Urban et al.6,7

Signal 3 alone results in antigen-nonspecific memory
T cell expansion

There are critical differences between cell surface molecules of
na€ıve and memory T cells with regard to the IL2 receptor com-
plex subunit expression. The high affinity receptor complex to
IL2 consists of 3 subunits: CD25, CD122 and CD132. T cells,
both naive and memory, constitutively express CD122 and
CD132 (the common gamma chain) forming a low affinity
receptor complex but allowing responsiveness to high concen-
tration of cytokines that signal through the common gamma
chain (i.e., IL2, IL7, IL15).8,9 However, with the expression of
CD132 on the naive T cell pool, CD122 has shown to be
expressed at higher levels on T cells of memory phenotype
compared to na€ıve T cells.9,10 This provides memory T cells

CONTACT William J. Murphy wmjmurphy@ucdavis.edu Department of Dermatology, Department of Internal Medicine, Division of Hematology/Oncology, Uni-
versity of California, Davis, School of Medicine, 2921 Stockton Blvd, Suite 1630, Sacramento, CA 95817, USA.

Color versions of one or more of the figures in this article can be found online at www.tandfonline.com/khvi.
© 2016 Taylor & Francis

HUMAN VACCINES & IMMUNOTHERAPEUTICS
2016, VOL. 12, NO. 9, 2249–2252
http://dx.doi.org/10.1080/21645515.2016.1174357

http://dx.doi.org/10.1080/21645515.2016.1174357


(CD44hi/CD62Llo in the mouse and CD45RO in human T
cells) with an advantage for increased cytokine responsiveness.
Memory cells having undergone 2 rounds of selection already
by the immune system (thymic education and antigen exposure
in the periphery allowing them to become memory phenotype)
are thus “safer” to expand.

We and others have previously observed that exposure of
memory T cells to a strong inflammatory signal such as IL2 or
other cytokines that interact via the CD122/CD132 complex
results in an antigen-nonspecific activation of these cells
(Fig. 1B). These cytokine induced and expanded memory T
cells have a unique phenotype and function. They do not upre-
gulate CD25 and therefore do not express the high affinity IL2
receptor complex. This necessitates continuous exposure to
high amounts of cytokine in order to sustain their survival and
function. These cells, once activated, have been shown to
express perforin and NKG2D and have the ability to lyse target
cells in an MHC-unrestricted manner through recognition of
the NKG2D ligands which serve as “stress-induced” ligands on
cells.11,12 In essence, tissue resident memory CD8C T cells
exposed to a strong inflammatory stimulus become NK-cell
like with regard to cytokine dependence and broad killing capa-
bility. These cells, which can exist in almost every tissue as
long-lived tissue-resident memory T cells, perform an auxiliary
function which serves to augment target cell killing but only in
conditions of high cytokine exposure. These are the classically
described “bystander” T cells seen in viral infections. Once the
cytokine is withdrawn, these cells contract rapidly. We have
previously demonstrated that these cytokine activated T killer
cells are responsible for many of the anti-tumor effects associ-
ated with anti-CD40 and IL2 in mice.11,13 This represents a

relatively safe mechanism by which T cells, which have already
undergone positive and negative selection in the thymus and
then peripheral selection by antigen, become memory cells that
can expand and function with decreased likelihood of autoreac-
tivity upon activation in a highly inflammatory environment
such as during viral infections. These bystander activated T
cells amplify immune attack and form an important bridge
between the innate and adaptive immune responses. A critical
question which remains elusive is whether a primary immune
response is capable of being generated during these inflamma-
tory periods.

Signal 3 alone paralyzes na€ıve CD4C T cell responses

We previously observed that after successful initial anti-tumor
effects by CD8C T cells, following strong systemic immunosti-
mulatory regimens in mice (i.e. anti-CD40/IL2, anti-CD40/
IL15 or CpG/IL12 regimens), surviving mice actually displayed
impaired responses upon tumor rechallenge compared to mice
that received irradiated tumor vaccine alone.14 When mice
received the tumor vaccine with the immunostimulatory regi-
mens this impaired response remained unchanged. It was also
observed that while the CD8C T cells, primarily of memory/
effector phenotype, were markedly expanding, the CD4C T
cells were decreasing in numbers and undergoing apoptosis.
Furthermore, the total numbers of na€ıve CD4C or CD8C cells
did not alter, just their percentages. This was attributed to
interferon-gamma which was a critical mediator of the anti-
tumor effects but also responsible for the contraction of the
memory CD4C T cell compartment.14 Thus, the short-term
benefit of successful anti-tumor effects mediated by the

Figure 1. (T)cell activation patterns. (A) A typical primary T cell activation requires 3 signals to occur in sequence and depends on: 1). antigen recognition by TCR
engagement and the strength of the signal received, 2). ligation of co-stimulatory molecules to their ligands and 3). cytokine mediated expansion and differentiation of
cells to effector cells. (B) Cytokine exposure alone causes an antigen non-specific “bystander activation” expansion of memory T cells which exhibit broad lytic capabilities
in comparison to antigen specfic activated T cells.
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bystander CD8C T cells was also concurrent with impairment
of antigen-specific secondary responses. Next, we sought to
examine the effects of these and other immunostimulatory regi-
mens on the na€ıve T cell compartment. We observed that mice
undergoing strong immunostimulatory regimens were
completely unable to mediate primary allogeneic responses in a
mixed lymphocyte reaction (MLR). Importantly, isolated T
cells from cancer patients undergoing high dose IL2 treatments
also were completely unable to mount a response following an
MLR, linking the mouse and human effects.6 Once treatments
were discontinued, however, the primary allogeneic responses
recovered from their “paralysis.” Sorting purified memory and
na€ıve CD4C and CD8C T cells revealed that the CD4C na€ıve
T cell compartment was completely paralyzed even to anti-
CD3 and anti-CD28 or mitogen stimulation.6 It was also noted
that this paralysis occurred during systemic LPS administra-
tion. Microarray analysis indicated that suppressor of cytokine
signaling-3 (SOCS3) was induced during the immunotherapy
regimens in the CD4C T cells. While SOCS3 has previously
been demonstrated to be induced by IL6 and other inflamma-
tory cytokines, purified CD4C T cells but not CD8C T cells
exposed to high dose IL2 resulted in the induction of SOCS3
along with paralysis indicating direct effects of the regimens on
the CD4C T cell populations.15 Use of antisense to SOCS3 on
the CD4C T cells or examination of SOCS3 knockout mice
resulted in partial reversal of the paralysis and restoration of
the CD4C T cell responses. Overall, if mice were immunized
with allogeneic cells and received immunostimulatory regi-
mens, there was a significant impairment of CD8C T cell anti-
gen-specific responses upon rechallenge indicating the critical
role of na€ıve CD4C T cells in this process. This appears to rep-
resent a critical control or “emergency brake” that the immune
system employs to control CD4C T cell responses in instances
of strong inflammation or signal 3 alone (Fig. 2). It is important
to note that despite the extensive species and genetic differences
between mouse and humans, that there are remarkable parallels
in this pathway for controlling T cell responses. Interestingly,
SOCS1 has been demonstrated to impair primary CD8C T cell

responses and was shown to signal via type 1 interferon.7 Alto-
gether, this implicates that the SOCS family members are criti-
cal for controlling na€ıve T cell responses and provides yet
another advantage for the memory T cell pool over the na€ıve
during cytokine responses.

In conclusion, strong inflammatory responses, either during
infections or immunostimulatory regimens, even with adjuvant
use, may impair primary antigen responsiveness. CD4C T cells
appear to be particularly susceptible to this paralysis. Vaccina-
tion regimens may need to take these parameters into consider-
ation in order to optimize responsiveness and efficacy. This
temporary paralysis also raises many questions as to whether
permanent tolerance can result if the TCR is engaged during
SOCS3 induction resulting in a lack of co-stimulation.
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