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Abstract— The goal of cancer immunotherapy is to induce specific and durable antitumor immunity. Adoptive T cell 
therapy (ACT) has garnered wide interest, particularly in regard to strategies to improve T cell efficacy in trials. There 
are many types of T cells (and subsets) which can be selected for use in ACT. CD4+ T cells are critical for the regula-
tion, activation and aid of host defense mechanisms and, importantly, for enhancing the function of tumor-specific 
CD8+ T cells. To date, much research in cancer immunotherapy has focused on CD8+ T cells, in melanoma and other 
cancers. Both CD4+ T cells and CD8+ T cells have been evaluated as ACT in mice and humans, and both are effective 
at eliciting antitumor responses. IL-17 producing CD4+ T cells are a new subset of CD4+ T cells to be evaluated in 
ACT models. This review discusses the benefits of adoptive immunotherapy mediated by CD8+ and CD4+ cells. It al-
so discusses the various type of T cells, source of T cells, and ex vivo cytokine growth factors for augmenting clinical 
efficacy of ACT. 
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INTRODUCTION 

The immune system is able to detect cancer, particu-

larly in early stages of cancer, through a process re-

ferred to as immunosurveillance. Early tumors are 

eliminated by the immune system (“elimination” 

phase) and as cancers evolve, they continue to be held 

in check by the immune system (“equilibrium” phase) 

until their advanced growth becomes too challenging 

for the immune system to control and/or clear (im-

mune “escape”) (Dunn et al., 2004a, b; Raval et al., 

2014). Cancer immunotherapy attempts to harness the 

specificity and natural ability of the immune system to 

recognize and eliminate tumors, while overcoming 

immunosuppressive barriers present in the tumor mi-

croenvironment. For cancer immunotherapy trials to 

be effective the adaptive arm of the immune system, 

mediated in part by T cells, has to be activated.  

Decades of evidence, initially shown with interleukin 

(IL)-2 treatment, have established that the immune 

system is capable of inducing complete and durable 

eradication, even of metastatic cancers (Klapper et al., 

2008; McDermott, 2007). Today, there are a variety of 

approaches to elicit antitumor immunity. These ap-

proaches include therapeutic cancer vaccines 

(Cherryholmes et al., 2015; Guo et al., 2013; Knutson 

and Mittendorf, 2015), antitumor antibodies 

(Antonioli et al., 2016; Meng et al., 2016b), immune 

checkpoint blockade (Kakavand et al., 2016; Tang et 

al., 2016), and adoptive T cell therapy (ACT) (Phan-Lai 

et al., 2015; Restifo et al., 2012; Yee et al., 2002). In this 

review only ACT will be discussed. These platforms 

are often combined with other therapies, including 

radiation therapy, chemotherapy, gene therapy and 

immunomodulatory therapy (e.g. cytokines). This re-

view will highlight the key properties and activation 

process of CD4+ and CD8+ T cells, their use in adop-

tive immunotherapy strategies for cancer, and some 

considerations (from source of T cells to ex vivo expan-

sion) to achieve optimal efficacy of ACT.  
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ADOPTIVE T CELL THERAPY 

Cancer therapeutic strategies, which can be used alone 

or in combination, include: immunomodulation (via 

cytokines), antitumor antibodies, immune checkpoint 

blockade, cancer vaccines, dendritic cell (DC) therapy, 

and ACT. Unlike antitumor antibodies, which 

represent a form of passive immunotherapy, cancer 

vaccines and ACT are examples of active immunothe-

rapy, i.e. they “actively” attempt to stimulate host en-

dogenous immunity against the cancer. ACT har-

nesses the natural ability of T cells to specifically rec-

ognize and eliminate target tumor cells. Its main ad-

vantages are in generating long-lived antitumor im-

munity and overcoming tolerance, which is a major 

roadblock in cancer therapy. In principle, ACT in-

volves the isolation of autologous antigen-specific T 

cells from patients for expansion ex vivo (with antigen 

restimulation and cytokine growth factors), followed 

by re-infusion into patients to treat the cancers. Some-

times, antigen is provided in vivo in the host (“vaccine 

priming”) to elicit more antigen-specific T cells in vivo 

prior to isolation. Due to excellent homing properties 

of T cells, ACT is beneficial for treating metastatic can-

cers, solid or non-solid cancers, and cancerous pockets 

in the body not easily excised with surgery. Further-

more, the antitumor action is tumor antigen-specific, 

minimizing adverse effects on normal cells. 

 

ADAPTIVE IMMUNITY 

Innate and adaptive immunity protects the host from 

foreign pathogens. Both immune arms differentiate 

between “self” and “non-self” antigens. However, 

since innate and adaptive immunity are both generally 

tolerant towards host tissues and since cancer antigens 

are essential “self” antigens, cancer growth is often 

undetectable by the immune system. Unlike the innate 

immune arm, which recognizes pathogens in the con-

text of non-specific molecular patterns, adaptive im-

munity is highly specific and is mediated by T cells 

and B cells. Similar to B cells, when T cells recognize 

antigen, via their antigen-specific T cell receptors 

(TCRs), they undergo activation and proliferation in a 

process known as clonal expansion; this leads to the 

generation of long-term memory T cells. Also, similar 

to B cells, the specificity and diversity of antigen-

specific receptors result from V(D)J recombination (a 

random genetic combination of Variable, Diversity, 

and Joining gene segments). This recombination is 

what allows for such a vastly diverse and abundant 

repertoire of different highly specific receptors. 

 

TYPES OF T CELLS IN ACT 

Classical T cells (alpha-beta), unlike gamma-delta T 

cells (Silva-Santos et al., 2015) and B cells, cannot 

detect soluble antigen. Instead, they recognize antigen 

in the form of peptides bound to MHC molecules. The 

peptide/MHC complex (pMHC) is presented on the 

surface of antigen presenting cells (APCs), such as 

DCs (Palucka and Banchereau, 2013). The 2 main 

types of T cells are: CD8+ and CD4+ T cells. The CD8+ 

T cell subset binds to peptides (8-10 residues) bound 

to MHC class I molecules (MHC I), which are ex-

pressed by every nucleated cell, including APCs. Con-

versely, the CD4+ subset recognizes and binds to long-

er antigenic peptides presented in the context of MHC 

class II molecules (MHC II), which are mainly ex-

pressed by APCs. 

Much emphasis in immunotherapy has been placed 

on CD8+ T cells because when activated, CD8+ T cells 

can induce potent cytotoxic effects on tumor cells, 

leading to tumor eradication; hence, they are also 

called cytotoxic T lymphocytes (CTLs). Tumor cyto-

toxicity is mediated by cytolytic molecules expressed 

by CTLs (e.g. granzyme and perforin). Upon encoun-

tering tumor-derived peptides presented on DCs, 

naive CD8+ T cells undergo cell expansion and diffe-

rentiation, in a process mediated by co-stimulatory 

molecules (e.g. CD80, CD70 and 4-1BB) and DC-

derived cytokines (e.g. IL-12 and IL-15) (Zhang and 

Bevan, 2011). Following activation, most CD8+ T cells 

undergo programmed cell death to limit over-

activation of the immune system. A minority of the 

activated and terminally differentiated CD8+ T cells 

(5-10%) become memory T cells (Zhang and Bevan, 

2011). These memory antigen-specific T cells play an 

important role in preventing tumor relapse. Com-

pared to naïve T cells, when the memory T cells en-

counter tumor antigen at a later time, they demon-

strate enhanced recognition, robust antitumor res-

ponses and long-lasting memory (Raval et al., 2014). 

Therefore, induction of a memory response is a major 

goal of cancer immunotherapy strategies. Further-

more, CD8+ T cells express CD103 (i.e. integrin αE) 

which facilitates T cell adherence to E-cadherin, be-

lieved to play a role in tumor lysis (French et al., 2002). 

CD8+ T cell differentiation is regulated by CD4+ T 

cells, also referred to as T helper (Th) cells  (Pardoll 
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and Topalian, 1998). Th cells influence the differentia-

tion and expansion of tumor specific CTLs, enhance 

effector CTL priming and function, and induce memo-

ry T cell programming (Antony et al., 2005). Recapitu-

lating CD4+ help in vivo is a major goal of immunothe-

rapy. Recently, in a therapeutic cancer vaccine setting, 

CD4+ help was recapitulated by use of CD27 agonist 

antibodies plus immune checkpoint (PD-1) blockade 

(Ahrends et al., 2016; Pardoll, 2012). PD-1 expression 

is highly expressed on Tregs and is induced when T 

cells become activated. Blockade of PD-1 signaling 

enhances antitumor immunity by diminishing the 

number and activity of intratumoral regulatory T cells 

(Tregs), which are an immunosuppressive subtype of 

CD4+ cells.  

CD4+ T cells are equally important as CD8+ cells. 

Upon engagement by an APC, a naïve CD4+ T cell 

differentiates into different kinds of effector cells, in a 

process mediated by cytokine signals in the microen-

vironment during activation. CD4+ T cells mainly dif-

ferentiate into Th cells which, depending on the cyto-

kine production, help activate other immune cells, 

including CTLs, B cells and NK cells. Th cells are fur-

ther subdivided based on the type of immune re-

sponse they generate, e.g. Th1, Th2 and Th17 

(Majchrzak et al., 2016; Muranski and Restifo, 2009).  

Th1 cells primarily produce interferon (IFN)-γ, tumor 

necrosis factor (TNF)-α, and interleukin (IL)-2; in con-

trast, Th2 cells produce IL-4, IL-5, IL-6, IL-10 and IL-

13. While Th1 cells tend to generate responses against 

intracellular parasites (e.g. viruses and bacteria), Th2 

cells generate immune responses against extracellular 

parasites (e.g. helminths). Th2 cells can inhibit the 

generation of CTLs, through secretion of IL-4, which 

induces a CTL subpopulation called Tc2. Unlike Tc1, 

Tc2 cells have a low-killing capacity due to low ex-

pression of cytolytic molecules (Muranski and Restifo, 

2009).  

Th17 are a unique subset of Th cells that produce IL-17 

(also called IL-17A) whose main role is to protect the 

host from extracellular pathogens, by facilitating re-

cruitment of neutrophils and macrophages (Dong, 

2008; Harrington et al., 2005; Ivanov et al., 2006). Th17 

cells also play a role in the pathogenesis of autoim-

mune and pro-inflammatory disorders. Th17 cells ex-

press RAR-related orphan receptor gamma t (RORγt), 

a “master-regulator” transcription factor. RORγt defi-

ciency diminishes Th17 activity (Dong, 2008). Recent-

ly, human Th1/Th17 cells could be induced by culture 

in IL-2 and IL-21 (an autocrine growth factor for Th17) 

(Korn et al., 2009; Phan-Lai et al., 2015). Moreover, 

gene expression of Th17 transcription factor, RORc, 

and IFN-γ regulatory factor, IRF-4, was significantly 

enhanced after IL-2/IL-21 culture. Although it is still 

unclear, IL-17 producing Th cells may represent a new 

type of effector T cells for ACT, with potentially great-

er proliferation and self-renewal potential in vivo due 

to reported stem-like properties (Muranski et al., 

2011).        

Unfortunately, CD4+ T cells can also differentiate into 

Tregs, when they recognize antigen in a cytokine mi-

lieu where transforming growth factor-β (TGF-β) and 

IL-10 signals are predominant (Roncarolo et al., 2001). 

Tregs are negative regulators of immunity; they are 

frequently found in the tumor microenvironment, 

where they inhibit adaptive and innate antitumor im-

munity. Tregs inhibit CTLs through secretion of IL-10 

and/or TGF-β (Roncarolo et al., 2001). Through the 

constitutive expression of CD25 (i.e. IL-2Rα), Tregs 

also complete with CTLs (Kastenmuller et al., 2011). 

Many cancer immunotherapy strategies, therefore, 

target the inhibition of Treg function to promote tu-

mor immunity.  

As mentioned above, there are multiples types of T 

cells from which to select for use in ACT, including 

CD4+ (Th1, Th2, Th17) and CD8+ (Tc1, Tc2, Tc17) 

(Majchrzak et al., 2016). Other types of T cells that 

have been investigated for immunotherapy are natural 

killer T (NKT) cells and gamma delta T cells (γδ Tc) 

(Fujii et al., 2013; Silva-Santos et al., 2015). NKT cells 

are a heterogeneous group of T cells that have proper-

ties of both natural killer (NK) cells and T cells; they 

recognize CD1d molecule and constitute only approx-

imately 0.1% of all peripheral blood T cells. Gamma 

delta (γδ) T cells are T cells which express a unique 

TCR comprised of a γ-chain and a δ-chain. Like NKT 

cells, gamma delta T cells are found in low abundance 

in the body. 

ACT studies have mainly focused on autologous tu-

mor-specific CD8+ T cells. Antigen-specific CD8+ T 

cells should theoretically recognize pMHCI complexes 

on tumor cells with high avidity, express high levels of 

cytolytic molecules and be able to penetrate the tumor 

bed, despite immunomodulatory mechanisms at the 

tumor microenvironment. In clinical trials, infusion of 

melanoma antigen-specific CTLs mediated rejection of 

even bulky metastatic tumors (Dudley et al., 2005; Yee 

et al., 2002). However, there are also a number of stu-

dies exploring CD4+ T cells (Disis et al., 2014; Knutson 

and Disis, 2004; Majchrzak et al., 2016; Phan-Lai et al., 



Phan-Lai et al., 2016                                                                                                                                     Biomed Res Ther 2016, 3(4): 588-595 

591 
Adoptive immunotherapy 

 

2015). CD4+ T cells may have an advantage over CD8 

T cells simply since they are capable of recognizing 

tumor antigens via both MHCI and MHCII processing 

pathways, not just MHCI (Muranski and Restifo, 

2009). Moreover, In recent years, it has been demon-

strated that CD4+ T cells can also contribute to the 

eradication of cancers, such as melanoma, by actively 

killing tumor cells and activating macrophages 

(Quezada et al., 2010). 

 

T CELL RECEPTORS 

Via their TCRs, CTLs recognize short antigenic pep-

tides presented by the major histocompatibility com-

plex (pMHC) on the surface of professional APCs, 

such as DCs, or on the surface of infected or malignant 

cells (Hebeisen et al., 2015). T cell triggering or activa-

tion depends critically on TCR binding (avidity) to 

cognate pMHC. The avidity of the structural interac-

tion impacts the efficiency of T cell-mediated immuni-

ty; strong TCR-pMHC interactions confer superior T 

cell activation, while weak interactions lead to subop-

timal T cell activation. T cell activation requires 2 sig-

nals: binding of the TCR to the pMHC complex (signal 

1) and simultaneous engagement of positive costimu-

latory molecules (signal 2; e.g. B7 on an APC and 

CD28 on T cells). After activation, T cells express co-

inhibitory receptors, e.g. CTLA-4 and PD-1 (Shi et al., 

2016). The co-inhibitors turn down immune responses 

and are a mechanism used by tumors to suppress the 

host’s natural antitumor immunity. Understanding 

immune tolerance and immune inhibitory networks 

are important for ACT, as is knowing which immune-

modulating agent(s) would augment ACT. 

There are mechanisms that prevent TCRs from identi-

fying and reacting with host tissues. Immunologic 

self-tolerance can occur when a T cell receptor recog-

nizes its cognate antigen (signal 1 only), in the absence 

of appropriate co-stimulation. An example occurs 

when CD8+ T cells interact with tumor cells, which do 

not express appropriate costimulatory molecules, 

leading to T cell anergy. Furthermore, when activated 

T cells receive excessive stimulation (via signal 1 with 

or without signal 2), this leads to T cell exhaustion; T 

cells become incapable of further activation despite 

exposure to antigen in a pro-stimulatory environment. 

Moreover, since ‘self’ tumor antigen-reactive T cells 

are mostly eliminated during central and peripheral 

deletion mechanisms, there is a rarity of high avidity 

TCRs to tumor antigens which, in essence, are ‘self’ 

antigens. Therefore, the identification of TCRs of op-

timal avidity for tumor antigens is an important com-

ponent for ACT to potentially predict which T cells 

may be more effective in the clinic. To identify the 

most functionally relevant T cells for ACT, strategies 

and technologies have been developed to assess TCR-

pMHC interaction kinetics, and are reviewed in 

(Hebeisen et al., 2015).  

Moreover, for effective cytolysis of tumor cells, effec-

tor T cells must interact with target antigens on tumor 

cells. However, the antigens to be targeted for optimal 

antitumor immunity still need to be investigated. Ad-

vancement in technology, structural proteomics and 

information from sequencing data have enabled more 

efficient screening and validation of tumor-associated 

antigens (TAAs) that may be targeted by T cells 

(Battaglia and Muhitch, 2016). For instance, the under-

standing of the structure of tumor antigen p53, in ova-

rian cancer, led to the design of an effective p53 pep-

tide inhibitor (Soragni et al., 2016). Structural under-

standing of TAAs recognized by effector T cells and 

design of therapies based on the TCR-pMHC interac-

tion could be useful in combination with ACT. Mole-

cular identification of human TAAs and their surface 

interaction with T cells should benefit targeted anti-

gen-specific immunotherapy for cancer (Battaglia and 

Muhitch, 2016).  

 

SOURCES OF T CELLS IN ACT 

For ACT, multiple kinds of T cells have been eva-

luated. These include tumor-infiltrating T cells (TILs) 

that have been expanded and activated ex vivo after 

isolation from tumor (Dudley et al., 2005; Meng et al., 

2016a), T cell receptor (TCR)-modified T cells that are 

modified ex vivo to express a particular TCR for more 

specific tumor recognition (Spear et al., 2016), and 

chimeric antigen receptor (CAR)-engineered T cells 

(where the receptor is engineered by fusing an antibo-

dy (Ab) with the TCR to improve tumor recognition 

and interaction) (Brown et al., 2015). The above mani-

pulations are part of an effort to improve the clinical 

efficacy of ACT. Of the list of approaches above, the 

two most common and least labor-intensive, and 

which will be discussed in this review, are: 1) TILs 

extracted from tumor, and 2) peripheral blood mono-

cytes (PBMC) isolated from patients.  

For TIL-based ACT, TILs are extracted from the pa-

tient’s tumor, expanded in vivo with IL-2 and reinfused 
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in the patients (Dudley et al., 2005). While TILs 

represent a suitable option for T cells in ACT, their 

major disadvantages include: adverse side effects (in-

cluding pneumonia and other respiratory complica-

tions), limited quantity that can be extracted even 

from bulky tumors, and the limitation of the approach 

to solid tumors (from which the TILs are harvested). 

In melanoma disease, use of autologous TILs demon-

strated a 50% response rate (Dudley et al., 2005). 

Therefore, another approach is to harvest endogenous 

peripheral tumor-specific T cells (via several aphere-

sis). The PBMC develop into tumor-specific T cells 

during ex vivo expansion, in a process which is much 

more labor intensive- from start to finish- than that for 

TIL expansion. The endogenous T cells in peripheral 

blood are sometimes primed in vivo first by several 

rounds of vaccination with tumor antigen before the 

PBMC isolation process (Dang et al., 2007). The 

primed T cells are then isolated from PBMC, ex-

panded during ex vivo culture, and re-infused into the 

patient.  

 

ACT TRIALS: CD8+ VERSUS CD4+ 

ACT has been studied in many cancers, including me-

lanoma, ovarian cancer and renal cell carcinoma 

(TILs), breast cancer (PBMCs), as well as B-cell lym-

phoma, glioblastoma and hematological malignancies 

(CAR-Tc); overall, ACT strategy (via CD8+ TILs) has 

mostly been effective for melanoma (Yang and 

Rosenberg, 2016). One of the first immunotherapy tri-

als, conducted in the 1990s, investigated the efficacy of 

infusing high dose IL-2 (a prototypic T cell growth 

factor) to stimulate endogenous T cells against solid 

tumors, e.g. renal cell carcinoma (McDermott, 2007). 

Not only did high dose IL-2 induce complete res-

ponses in renal cell carcinoma patients (up to 10%) but 

it was also effective in eliciting responses in metastatic 

melanoma patients (Atkins et al., 1999; Klapper et al., 

2008).  

Infused T cells require maintenance of homeostatic 

proliferation. For this, patients are typically pre-

treated with lymphodepleting agents (e.g. cyclophos-

phamide and fludarabine) and may also be treated 

with total body irradiation. Patients on this regimen 

continue to receive IL-2 as part of their maintenance 

therapy. Lymphodepletion enhances ACT by activat-

ing innate immunity via microbes released in the gut 

from injury induced by radiation. Lipopolysaccharide 

(LPS) is a microbial compound and toll-like receptor 

(TLR) agonist, which mimics the responses induced by 

total body irradiation (TBI). LPS has been evaluated as 

a strategic use in ACT to boost T cell responses. 

Recently, it was shown that host preconditioning may 

not be as critical as thought. Toll-like receptor agonist 

therapy, e.g. LPS therapy, was sufficient to augment 

reactivity of tumor-specific CTLs in ACT in a mela-

noma mouse model (Nelson et al., 2016). Exogenous 

administration of LPS enhanced the ability of adop-

tively transferred CD8+ T cells to destroy tumor. The 

timing of administration was critical; administering 

LPS during or one day prior to ACT therapy did not 

augment T cell function whereas administering LPS 

after ACT augmented antitumor efficacy of ACT, indi-

cating expansion of adoptively transferred tumor-

specific CD8+ T cells. Other TLR agonists, including 

TLR4 agonist, monophosphoryl lipid A (MPL), and 

TLR9 agonist, CpG Oligodeoxynucleotide (CpG 

ODN), also augmented infused CD8+ T cell activity. In 

mice depleted of host CD4+ T cells and treated with 

CD8+ ACT and LPS, TBI treatment was not needed for 

antitumor response. Therefore, the use of TLR agon-

ists, and appropriate timing, may circumvent precon-

ditioning. In designing next generation ACT for can-

cer, lymphodepletion may not be an absolute re-

quirement and thus, side effects associated with lym-

phodepletion could be minimized for the patient.  

It has become evident that the barriers to ACT efficacy, 

including peripheral tolerance and tumor-associated 

immunosuppression at the tumor microenvironment, 

limit the effectiveness of ex vivo generated antigen-

specific CTLs (i.e. CD8+ T cells). While CD8+ T cells 

have been the main focus of ACT trials, for their ro-

bust tumor cell killing ability (Restifo et al., 2012; Yee 

et al., 2002), it is also important to evaluate Th cells as 

a strategic alternative since they play a pivotal role in 

augmenting CTL responsiveness. Next-generation 

cancer vaccines, including Th epitopes, have been 

used to prime Th cells in vivo prior to extraction for ex 

vivo expansion. The identification of appropriate Th 

epitopes of tumor antigens has become an important 

alternative strategy for targeted immune induction 

and help. Other barriers to the success of ACT include 

tumor stroma associated immunosuppression (Phan 

and Disis, 2008). Cellular components in tumor stro-

ma, including cancer-associated fibroblasts (CAFs), 

myeloid-derived suppressor cells (MDSC), and tumor-

associated macrophages (TAMs)  inhibit T cell func-

tion (Arina and Bronte, 2015; Arina et al., 2014; Phan-

Lai et al., 2013). However, reports have shown the 
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ability of adoptively transferred T cells to eradicate 

well-established tumors in mice, despite the abundant 

presence of MDSC and TAMs, which  exert strong 

immunosuppression in the tumor stroma (Arina and 

Bronte, 2015).  

 

IMPROVING POTENCY OF T CELLS 
VIA EX VIVO EXPANSION 

During ex vivo culture of antitumor T cells, one strate-

gy to optimize the potency of tumor-specific T cells is 

to expand T cells in appropriate cytokine growth fac-

tors which optimally stimulate antitumor T cell im-

munity. Studies have already shown that tumor anti-

gen-specific T cells, e.g. HER2-specific T cells, derived 

from HER2+ breast cancer patients after expansion 

with IL-2/IL-12, can induce partial tumor regression 

(Knutson and Disis, 2004). IL-2/IL-15 have both been 

beneficial and tested in vaccine and ACT design (Dang 

et al., 2007; Knutson and Disis, 2004; Waldmann, 

2006). Comparative investigations on the role of cyto-

kine growth factors (used in combination with IL-2) to 

induce optimal T cell immunity are limited and un-

clear. Recent data suggest that IL2/IL21 may be optim-

al cytokines to mediate robust T cell immunity and 

elicit tumor regression (Phan-Lai et al., 2015). In a 

TgMMTV-neu murine mammary tumor model, infu-

sion of neu p98-specific T cell lines derived from 

IL2/IL21 culture led to a different cytokine secretion 

pattern, including significantly higher production of 

TNF-α and IL17 (p<0.5). Following infusion of 

IL2/IL21 cultured T cells, tumor-infiltrating CD8+ cells 

were significantly increased (Phan-Lai et al., 2015). 

Moreover, results with IL2/IL21 cultured human anti-

gen-specific T cells were similar to those of murine T 

cells. Thus, cytokine growth factors used in ex vivo 

expansion of vaccine-primed CD4+ T cells can signifi-

cantly improve antitumor immune responses. The 

choice of cytokine growth factor, therefore, is critical 

(Meng et al., 2016a; Phan-Lai et al., 2015). Specifically, 

IL2/IL21 (perhaps also in combination with other cy-

tokines) can give rise to Th1/Th17 polyfunctional T 

cells and induce durable responses in mice and pa-

tients (Phan-Lai et al., 2015). Enhancement of CD8+ T 

cell infiltration was associated with use of those cyto-

kines.  

 

CONCLUSIONS 

Cancer immunotherapy attempts to harness the speci-

ficity and natural ability of the immune system to rec-

ognize and eliminate tumors. Robust, specific and 

durable antitumor immunity depends on T cells. 

Adoptive T cell therapy using autologous tumor anti-

gen specific T cells have been studied in a variety of 

cancers, although the best tumor responses have been 

observed in metastatic melanoma. Adoptive immuno-

therapy, via CD8+ or CD4+ T cells, has shown anti-

tumor responses. CD4+ T cells represent an ideal cell 

choice for ACT since they are capable of differentiat-

ing into Th1, Th2, or Th17, and providing cytokine 

“help” to CD8+ cells and macrophages in the tumor. 

IL-17 producing CD4+ T cells are a new subset of 

CD4+ T cells to be evaluated in ACT models.  The acti-

vation and magnitude of the T cell response depend 

on the cytokine milieu during antigen recognition. 

Therefore, important considerations for ACT include: 

1) the type of T cells, 2) the source of T cells, 3) the 

strength of the TCR/pMHC interaction, and 4) the ex-

vivo cytokine culture conditions for T cells. 
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