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Abstract: It is now widely accepted that most human cancers, including colorectal cancers (CRCs), develop from pre-
malignant lesions through a long-term multistep process. Host immunity is a key determinant that maintains most 
premalignant lesions in a stable state via immunosurveillance. However, premalignant cells use diverse strategies 
to escape host immunosurveillance. A switch in the immune function from immunosurveillance to immunosuppres-
sion facilitates the progression of premalignant lesions to established CRCs. This review summarizes the recent 
progress in understanding alterations in the immune landscape, including immune cell compositions, functions 
and cytokine products, in the premalignant stage of CRC and provides an updated discussion on its translational 
significance along the colorectal adenoma-carcinoma sequence.
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Introduction

In humans, cancer appears to develop through 
a long-term premalignant stage accompanied 
by substantial alterations in histological, immu-
nological, genetic and molecular aspects [1, 2]. 
In support of this observation, numerous clini-
cal studies have revealed that most colorectal 
cancers (CRCs) appear to develop through a 
long-term premalignant stage. Clinically, adeno-
ma, familial adenomatous polyposis, Peutz-
Jeghers syndrome, juvenile polyposis, and dys-
plasia in inflammatory bowel diseases (IBDs) 
have been frequently recognized as premalig-
nant lesions of CRC. Clinical data suggest that 
adenoma is the most common premalignant 
lesion and that CRCs develop predominantly 
from adenomas, with other types accounting 
for less than 5% of the overall incidence of CRC 
[1, 3]. This causal relationship between adeno-
ma and CRC has been referred to as the 
colorectal adenoma-carcinoma sequence.

According to the immunoediting hypothesis, 
the emergence of a premalignant adenoma in 
the colorectum induces a three-phase immune 

response (elimination, equilibrium and escape) 
[4]. In the elimination (immunosurveillance) 
phase, the host immune system can theore- 
tically eradicate premalignant cells and induce 
early regression of premalignant lesions. How- 
ever, spontaneous regression of premalignant 
lesions rejected by the host immune system is 
difficult to document, as early-stage premalig-
nant lesions are usually very small and rarely 
observed in the clinic. In the equilibrium phase, 
some premalignant cells use various strategies 
to acquire the ability to evade host immunosur-
veillance, and premalignant lesions persist in 
the body for a long time. In the escape phase, 
the premalignant cells that acquired the ability 
to evade immunosurveillance escape immune 
control, undergo uncontrolled invasive growth, 
and finally develop into malignancies. Therefore, 
the change in the immune landscape from 
immunosurveillance to immunosuppression is 
a prerequisite for the progression of a premalig-
nant lesion to a cancerous lesion [5].

In this review, we focus on the current research 
progress and understanding of immune altera-
tions in immune cell compositions, functions 
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and cytokine products at the premalignant 
stage and discuss the clinical translational sig-
nificance of such changes on the progression 
of colorectal premalignant lesions to CRC.

Major types of immune cells present in prema-
lignant tissues

Host immunity comprises many types of im- 
mune cells, and its relative function is modu-
lated by various factors. To investigate the exis-
tence of immune cells in colorectal premalig-
nant (adenoma) lesions, the density, location 
and phenotypes of these cells have been stud-
ied. To date, studies have shown that the ade-
noma microenvironment contains a high den-
sity of immune cells that might exert both 
antitumor and protumor functions [5-9]. These 
immune cells are densely located in both the 
adenomatous epithelium and stroma [7-9] and 
have complex interactions with premalignant 
cells that determine whether premalignant 
lesions remain stable or progress [10, 11].

From a phenotypic perspective, T lymphocytes 
and macrophages are the most frequently 
observed immune cells in premalignant lesions 
and are named tumor-infiltrating lymphocy- 
tes (TILs) and tumor-associated macrophages 
(TAMs). A markedly increased population of 
TILs has been reported in adenoma tissues, 
and most TILs are distributed in the stromal 
region and infiltrate into the adenomatous epi-
thelium. TILs in adenoma tissues are CD4-
positive TH cells and CD8-positive cytotoxic T 
lymphocytes (CTLs) [12, 13]. CD4-positive TH 
cells play a critical role in regulating the host 
immune response. Their function in the tumor 
microenvironment is very complex and variable 
and depends on the characterization of sub-
sets and conditions. CD8-positive CTLs play a 
critical role in eliminating transformed cells by 
releasing toxic granules upon recognizing spe-
cific tumor antigenic peptides presented on the 
surface of tumor cells. More recently, Chang et 
al. demonstrated a striking immune activation 
profile characterized by CD4-positive T cells, 
the proinflammatory cytokines tumor necro- 
sis factor (TNF)-α and interleukin (IL)-12, and 
checkpoint molecules in patients with Lynch 
syndrome polyps; this profile was independent 
of the DNA mutation rate [14]. The impact of 
CD8-positive CTLs on the progression of oral 
premalignant lesions has been reported [15]. 

Phenotypic analysis of T lymphocytes along  
the human adenoma-carcinoma sequence re- 
vealed a higher population of CD8-positive 
CTLs in premalignant adenoma tissues than in 
CRC tissues [16]. Karlsson et al. examined the 
CD4-positive/CD8-positive T lymphocyte ratio 
in colitis-associated premalignant (dysplastic) 
lesions and found an increase in the CD4-
positive/CD8-positive T lymphocyte ratio in sen- 
tinel lymph nodes draining dysplastic epitheli-
um compared to those draining normal mucosa 
[5]. This increase correlated with the degree of 
dysplasia, as reflected by a significant increase 
in the ratio in low-grade dysplasia compared to 
that in indefinite dysplastic lesions. Their obser-
vation suggests that host immunosurveillance 
plays an important role in suppressing prema-
lignant lesions in patients with long-standing 
ulcerative colitis [5]. Regulatory T cells (Tregs) 
can create an immunosuppressive milieu that 
restricts the release of cytotoxic granules from 
CTLs, which prevents killing of premalignant 
cells. Jang et al. observed that a decrease in 
the CD8-positive T cell/Treg ratio may contrib-
ute to the generation of an immune environ-
ment suitable for the progression of adenomas 
to CRCs [17]. Thus, the general consensus 
seems to indicate that CTLs are critical for host 
antitumor immunity [18].

Several new subsets of TH lymphocytes, i.e., 
TH17 cells have been identified, and their ro- 
les have been studied primarily in premalig- 
nant lesions [19]. One study revealed that 
defects in mothers against decapentaplegic 
homolog 4 (Smad4) and transforming growth 
factor (TGF)-β could result in spontaneous 
development of polyps in the upper part of the 
gastrointestinal tract of mice, which exhibited 
increased levels of transcripts encoding IL-1β, 
IL-6, IL-11, TGF-β and TNF-α; additionally, lami-
na propria cells isolated from premalignant 
polyp lesions contained an abundance of 
IL-17A-expressing TH17 cells [20]. These results 
support the hypothesis that the premalignant 
lesions may have arisen because of unchecked 
TH17 cell activity. Increased levels of TH17 
cells and the TH17 cytokine IL-17A have been 
found in human premalignant tissues and pre-
malignant tongue tissue of carcinogen-treated 
mice, but these levels declined and were 
replaced with an immune inhibitory cell pheno-
type after the final establishment of oral can-
cers [2]. Similarly, we also reported that the 
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density of IL-17A-labeled TH17 cells was signifi-
cantly increased in colorectal adenoma tissues 
[21, 22]. In addition, the involvement of other 
new TH subsets, such as TH9 and TH22, in the 
pathogenesis of CRC has been recently dis-
cussed [19]; however, the exact role of these 
subsets in the premalignant stage remains to 
be investigated.

Natural killer (NK) cells are large granular lym-
phocytes, and previous studies have revealed 
that they play an important tumor surveillance 
role in innate immunity [23]. However, recent 
studies reported that NK cells can also be clas-
sified into type I and type II according to their 
function. CD1d-restricted invariant, type I, natu-
ral killer T (iNKT) cells are early responding, 
potent regulatory cells of immune responses. 
iNKT cells can also perform tumor surveillance 
and provide natural protection against the 
emergence of cancer. Numerous studies have 
revealed that iNKT cells not only have an impor-
tant regulatory function in inflammation devel-
opment but also are involved in tumor immuno-
surveillance [24]. By establishing a transgenic 
mouse model that expresses high levels of 
CD1d and a T cell receptor (TCR) from an auto-
reactive type II NKT cell, Liao et al. showed that 
type II NKT cells significantly contribute to 
intestinal inflammation and colitis in mice [25]. 
Wang et al. studied iNKT cell-mediated regula-
tion of tumor immunity in the Apcmin/+ mouse 
adenoma-carcinoma sequence model [26] and 
found that the deficiency of iNKT cells in APCMin/+ 
mice (generated by crossing APCMin/+ mice with 
iNKT deficient mice) resulted in a markedly 
decreased number of intestinal polyps, which 
was associated with enriched populations of 
immunosuppressive cells such as IL-10- and 
IL-17-producing cells and a reduced frequency 
of Tregs in the polyps. In addition, a switch of 
the macrophage phenotype from M2 to M1 
occurred, and the expression level of TH1 cyto-
kines, such as interferon (IFN)-γ), was increased 
in adenomatous tissues. These results suggest 
that iNKT cells play an important role in promot-
ing intestinal polyp formation; this role is 
thought to enhance Treg cell accumulation and 
suppress host antitumor TH1 immunity. These 
findings may open new avenues for under-
standing the effect of immune cells on the 
establishment of premalignant adenomatous 
lesions. 

Macrophages are another common type of 
immune cell in premalignant lesions. A novel 
classification of macrophages based on their 
function has been hypothesized: M1-type mac-
rophages exert antitumor effects, whereas 
M2-type macrophages exert protumor effects 
[27]. During cancer development, the function-
al changes in macrophages in the premalig-
nant/malignant stages that determine the site 
to which they migrate probably depends on the 
phenotypes present in the tumor microenviron-
ment and on the milieu factors [28-30]. In gen-
eral, scientists have postulated that a function-
al switch of macrophages from the M1 to the 
M2 phenotype might contribute to tumor pro-
gression [27, 28, 30]. Identifying such function-
al changes in the development of CRC could be 
important because a new immunotherapeutic 
strategy aimed at blocking the functional shift 
from M1 to M2 may be a promising approach  
to prevent human cancer development [27]. 
Recently, Soncin et al. [31] examined the role of 
the microenvironment in the self-renewal of 
tumor-promoting macrophages in adenoma-
tous polyps obtained from ApcMin/+ mice, a wide-
ly used animal model for the study of intestinal 
tumorigenesis. They found that macrophages 
expanded in situ in adenomas by self-renewal, 
without recruitment of new cells. Further RNA 
sequencing (RNA-seq) and Ki-67 analyses sh- 
owed that macrophages in polyps were actively 
cycling. Similarly, the tumor microenvironment 
was also conducive to the self-renewal of tu- 
mor-associated macrophages.

Maglietta and colleagues compared the densi-
ty of immune cells between adenomatous pol-
ypoid lesions and nonpolypoid lesions [32] and 
reported that the density of immune cells 
(mainly T lymphocytes and macrophages) in 
premalignant polypoid lesions was significantly 
higher than that in nonpolypoid lesions. Certain 
markers exhibited significant size-related dif-
ferences regardless of lesion morphology. In 
addition, large neoplasms have more stromal 
immune cells than small neoplasms [32]. In- 
filtration of T cells and macrophages is more 
obvious in CRC tissues than in normal tissues, 
and the populations of both of these cells in  
the CRC stroma and epithelium are greatly 
increased [6, 7]. Whether the density of macro-
phages in the tumor microenvironment can be 
used as a prognostic predictor is still under 
debate [27, 29, 33]; however, CRC patients with 
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a higher population of TILs tend to have better 
prognoses than those with a lower population 
of TILs [10, 34, 35]. In addition, phenotypic 
analysis demonstrated that a high population 
of CD8-positive T cells in the CRC epithelium  
is associated with a favorable prognosis of 
patients with CRCs [36]. Since many new sub-
sets of TH cells have been identified, prompt 
evaluation of their importance is necessary.

Dendritic cells (DCs) are the most efficient an- 
tigen-presenting cells and play a relevant role 
in tumors by exerting differential protumorigen-
ic and antitumorigenic effects. DC defects in 
CRC have been studied [37]. Michielsen et al. 
showed that conditioned media collected from 
metastatic colorectal cancer patients signifi-
cantly inhibited the maturation of DCs [38]. 
They further found that tumor-conditioned me- 
dia contained high levels of the chemokines 
CCL2, CXCL1, and CXCL5 in addition to vascu-
lar endothelial growth factor (VEGF), which 
might significantly inhibit upregulation of CD86, 
CD83, CD54 and HLA-DR on monocyte-derived 
dendritic cells in response to lipopolysaccha-
ride (LPS) [39]. Orsini and colleagues examined 
the maturation and generation of DCs from 
monocytes in patients with CRC and found that 
DCs from CRC patients had lower expression 
levels of costimulatory molecules and a lower 
ability to present antigens to allogeneic T cells 
than DCs from healthy controls [40]. At the  
premalignant stage, transformed cells can de- 
velop diverse mechanisms that suppress the 
generation, maturation and function of DCs  
to escape immune recognition and elimination 
[41]. Changes in the maturation status of DCs 
in patients with cancers might result in chang-
es in the density and location of mature DCs 
(mDCs) and immature DCs (iDCs) in the tumor 
microenvironment. Indeed, Bell et al. showed 
that in breast cancer tissue, iDCs reside pre-
dominantly within the tumor center, while mDCs 
reside in peritumoral regions [42]. Moreover, 
we previously demonstrated that mDC density 
was slightly decreased in premalignant adeno-
ma tissues but significantly decreased in CRC 
tissues, whereas the iDC density was decreased 
in both adenoma and CRC tissues compared 
with control tissues [8]. The differentiation of 
DCs from monocytes is modulated by many  
factors. Cyclooxygenase-2 (COX-2) is an impor-
tant factor regulating DC maturation and func-
tion. Our results showed that the mRNA level of 

COX-2 gradually increased from the adenoma 
stage to the CRC stage, and double immuno-
fluorescence images showed that the PGE2 
receptors EP2 and EP4 downstream of COX-2 
were clearly expressed in DCs. These findings 
imply a possible regulatory pathway through 
which COX-2 mediates DC differentiation, matu-
ration and function across the premalignant-
malignant transition [43]. The effect of DCs on 
initiating host antitumor immunity is mediated 
via IL-12 production. By using real-time PCR 
and immunohistochemistry, we showed that 
both the mRNA and protein expression levels of 
IL-12 are highly increased in premalignant ade-
noma tissues and decreased in CRC tissues 
compared with healthy control tissues [44]. 
Such results suggest that DCs undergo pheno-
typic and cytokine product changes between 
the premalignant adenoma stage and the CRC 
stage.

One proposed strategy by which premalignant 
cells escape immunosurveillance is to sup-
press host antitumor function by recruiting 
immunosuppressive cells into the tumor micro-
environment [45]. Tregs are a subpopulation of 
T cells that play a critical role in the mainte-
nance of immunological tolerance and homeo-
stasis [46]. Considerable evidence suggests 
that Tregs are the key determinant of immuno-
suppressive functions and significantly inhibit 
host antitumor immunity in various types of 
human malignances. Regarding the role of 
Tregs in CRC, the majority of current studies are 
conducted in established CRCs, and only a few 
studies are performed in premalignant adeno-
mas. The study by Lan et al. [21] reported an 
increased mRNA expression level of FoxP3 (a 
specific biomarker for Tregs) in human colorec-
tal adenomas. We examined the dynamics of 
FoxP3-labeled Tregs along the human color- 
ectal adenoma-carcinoma sequence. Our data 
showed that the population of Tregs was signi- 
ficantly increased in adenoma tissues com-
pared with control tissues and was even higher 
in CRC tissues than in adenoma tissues [9]. 
Furthermore, we showed that the levels of the 
Treg-immunosuppressive cytokines IL-10 and 
TGF-β were also increased in premalignant ade-
noma lesions [9, 47], indicating a potential 
mechanism by which Tregs contribute to esta- 
blishing an immunosuppressive milieu at the 
adenoma stage [9].



Immunity changes at the premalignant stage

1312	 Am J Cancer Res 2020;10(5):1308-1320

Myeloid-derived suppressor cells (MDSCs) can 
significantly dampen host antitumor immune 
function and promote tumor development. Po- 
ssible mechanisms include enhanced induc-
tion of immunosuppressive cells, blockade of 
lymphocyte homing and functions and expres-
sion of negative immune checkpoint molecules 
[48-50]. Expansion of MDSCs in the tumor 
microenvironment is modulated by a vast net-
work of tumor-derived factors, including PGE2, 
IL-1β, IL-6, IL-10, and TGF-β [51], the levels of 
which have been reported to increase in pre-
malignant adenoma tissues [8, 44, 52]. Several 
studies have examined the importance and 
mechanisms of MDSCs in premalignant co- 
lorectal lesions. For example, Ma et al. found 
that an increase in MDSCs started from pre- 
malignant lesions and persisted to malignant 

lesions in both the colon and 
pancreas [53]. Further studies 
revealed that the chemokines 
CCL2 and CXCR2 could mo- 
dulate the protumor effect of 
MDSCs in colorectal prema- 
lignant lesions [54, 55]. Jaya- 
kumar A and Bothwell ALM de- 
monstrated that the pro-polyp 
formation effect of the tran-
scription factor Stat6 is me- 
diated through stimulation of 
MDSC expansion but inhibition 
of CD8-positive T cells in the 
ApcMin/+ mouse model [56].

In summary, during the pro-
gression of a premalignant le- 
sion to CRC, immune cells un- 
dergo phenotypic and function-
al changes (Table 1). Some 
immune cells, such as CD8-
positive CTLs, play a critical 
role in initiating host antican-
cer immunity. However, immu-
nosuppressive immune cells, 
such as Tregs, MDSCs and  
M2 macrophages, also start  
to accumulate in the prema- 
lignant adenoma microenviron-
ment, which might contribute 
to the establishment of an im- 
munosuppressive milieu and 
then to the progression of pre-
malignant adenomas to CRCs 
(Figure 1).

Table 1. Summary of major type of immune cell changes at the 
premalignant and malignant stages
Cell type Premalignant Malignant
T lymphocytes
    CD4 ↑ ↑
    CD8 ↑ ↓
Macrophages
    M1 ↑ ↓
    M2 ↑ ↑
DCs
    iDC ↑ ↑↑
    mDC ↑ ↓↓
    Tregs ↑ ↑
    MDSC ↑ ↑
NK cells
    iNKT ↑ ↑↑
    NKT ↑ ↓↓

Figure 1. Schematic representation of immune cells contributing to func-
tional immune changes at the premalignant stage. Altered immune cells 
contribute to the immune function status, which may determine the pro-
gression of a premalignant lesion to CRC.

Changes in the cytokine milieu at the prema-
lignant stage

Cytokines released from immune cells are the 
most important factors in the modulation of 
host antitumor immunity, and many cytokines 
may also have a protumor effect and directly 
stimulate the proliferation and progression of 
premalignant adenomatous cells [57]. There- 
fore, a better evaluation of the cytokine profile 
from the premalignant to malignant stages may 
help explain the mechanisms of the host immu-
nity switch from immunosurveillance to immu-
nosuppression during the establishment of 
CRC [22, 58-60]. We conducted a series of 
studies to examine the expression of relevant 
cytokines and observed alterations in the cy- 
tokine milieu along the adenoma-carcinoma 
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sequence [21, 22, 44, 52, 61, 62]. Our results 
showed that cytokine levels change signifi- 
cantly along this sequence [8, 21, 52, 63-68]-
the level of the TH1 cytokine IFN-γ, which is a 
key mediator of the host immune defense and 
plays an essential role in the initiation of antitu-
mor immunity and immunoediting [69, 70], is 
increased in adenomas but decreased in CRC; 
however, the levels of TH2 cytokines, such as 
IL-4, IL-6 and IL-10, are gradually increased 
from the adenoma stage to the CRC stage [44, 
71-73]. The important role of those cytokines in 
the pathogenesis of CRC has been well studied 
and summarized [57, 64].

Perhaps the most compelling clinical evidence 
for an interactive link between TH cytokines 
and CRC development comes from recent 
observations that reported the protumor effect 
of cytokines produced by novel subsets of TH 
cells [19, 74]. For instance, the TH 17 cytokine 
IL-17 has been suggested to participate in the 
establishment of premalignant adenomas. Se- 
veral animal studies have shown that IL-17 pro-
motes the establishment of adenomas in mice 
by directly stimulating cell transformation and 
enhancing angiogenesis [75-77]. We and oth-
ers have examined the IL-17 expression level in 
both human adenomas and CRCs and found 
that it starts to increase from the adenoma 
stage and increases continuously to the CRC 
stage [22, 78]. Notably, the increase in IL-17A 
mRNA levels in adenoma tissues is associated 
with the severity of dysplasia, and adenoma 
patients with higher degrees of dysplasia have 
higher levels of IL-17A mRNA than those with 
low degrees of dysplasia [22]. This finding sug-
gests that TH17 cytokines promote the pro-
gression from premalignant lesions to cancer 
because research indicates that the degree of 
dysplasia in an adenoma is a histological hall-
mark for the risk of CRC, and adenoma patients 
with high grades of dysplasia may have a high 
risk of developing CRC [79]. IL-33 is another 
novel cytokine that has been reported to be 
involved in the pathogenesis of the adenoma-
carcinoma sequence [61, 74]. Previously, we 
examined the dynamics of IL-33 and its func-
tional receptor ST2 along the human colorectal 
adenoma-carcinoma sequence and found that 
the expression levels of IL-33 and ST2 mRNA 
followed the order of adenoma > CRC > normal 
control [61]. Combining these results with im- 
portant evidence obtained from previous stud-
ies of the role of IL-33 in CRC pathogenesis [80, 
81], we concluded that the IL-33/ST2 axis is 

involved in colorectal neoplastic transforma- 
tion.

IL-21 is an IL-2 family cytokine produced by acti-
vated T cells to regulate immune responses 
[82]. Extensive evidence suggests that IL-21 
has an antitumor capacity mediated through its 
multiple effects, including enhancing adaptive 
T cell immunity, promoting NK cell activation 
and antibody production, and regulating CD8-
positive CTL expansion [82]. Regarding the role 
of IL-21 in colorectal tumorigenesis, recent ani-
mal studies have reported both protumor and 
antitumor effects of IL-21 in CRC mouse mod-
els [83, 84]. More recently, we evaluated the 
role of IL-21 in human premalignant adenomas 
and CRCs. Our data show a large change in 
IL-21 mRNA expression, which began to in- 
crease at the adenoma stage and was main-
tained at an increased level at the CRC stage. 
In patients with CRC, this increase is signifi-
cantly correlated with overall survival; patients 
with high IL-21 levels tend to have longer overall 
survival times than those with low IL-21 levels. 
Considering that studies have reported the 
antitumor capacity of IL-21 [85], the increased 
level of IL-21 in adenoma tissues may reflect 
enhanced host antitumor immunity elicited by 
transformed adenoma cells. In addition, our 
study showed that the IL-21 receptor is predom-
inantly located in CD3-positive TILs in the ade-
noma stroma but not in transformed adenoma 
cells. This finding might imply that IL-21 is 
involved in adenoma transformation mainly via 
the regulation of immune cell function. Recently, 
the role of IL-9 and IL-22 in the pathogenesis of 
CRC has been discussed [19]. Current evidence 
indicates that these two cytokines may partici-
pate in the development of colonic inflamma-
tion; however, whether they contribute to the 
regulation of host immunity in the premalignant 
stage remains to be investigated.

Taken together, the current evidence indica- 
tes that proinflammatory cytokines produced 
by premalignant cells and surrounding stromal 
cells have undergone a significant change 
(Table 2) and may participate in modulating the 
progression of premalignant lesions to CRC 
lesions.

Translational significance of immune changes 
at the premalignant stage

Multiple lines of evidence demonstrate that an 
immune switch from immunosurveillance to 
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immunosuppression favors the progression of 
premalignant lesions to malignant tumors. The 
translational significance of immunological par- 
ameters in patients with CRC has been inten-
sively studied. Here, we limit our discussion to 
the translational significance of immunological 
parameters in premalignant adenomas.

Some researchers have reported that the tran-
sition from normal colorectal mucosa to adeno-
ma and then to cancer is associated with a pro-
gressive decline in stromal CD8-positive T cell 
counts [17]. An Italian group recently examined 
the association of immune cells with the clini-
copathological features of patients with adeno-
mas [32] and found that the density of CD4-
positive T lymphocyte infiltration increased 
significantly with polyp size and that larger and 
more dysplastic adenomas had higher CD4-
positive T cell densities than smaller and less 
dysplastic adenomas. In addition, the densities 
of CD8-positive T cells and CD68-positive mac-
rophages were significantly higher in polypoid 
adenomas than in nonpolypoid lesions. Mo- 
reover, the density of FoxP3-positive Tregs has 
been reported to be increased during progres-
sion through the premalignant adenomatous 
stage and early cancerous stages [17]. Su- 
bstantial evidence suggests that the presence 
of immune cells in the tumor microenvironment 
may play a critical role in the development of 
cancers, including CRC. Human neutrophils are 
the most abundant subpopulation of leukocy- 
tes and are frequently seen in tumor tissues; 

Table 2. Summary of major cytokine changes 
in the premalignant and malignant milieu
Cytokines Premalignant Malignant
IL-1 family
    IL-1α ↑ ↑
    IL-1β ↑ ↑↑
    IL4 ↑ ↑
    IL-6 ↑ ↑
    IL-8 ↑ ↑
    IL-10 ↑ ↑
TH17 cytokine
    IL-17A ↑ ↑↑
    IL-17F ↑ ↑
    IL-21 ↑ ↓
    IL-22 ↑ ↑
    IL-33 ↑ ↑↑
    IFN-γ ↑ ↓↓

numerous studies have reported that neutro-
phil infiltration is increased in CRC [86]. An  
elevated neutrophil/lymphocyte ratio (NLR) in 
peripheral blood may reflect the host immune 
response and is correlated with poor clinical 
outcomes in patients with advanced CRC [87]. 
Recently, a study reported that the NLR is sig-
nificantly higher in neoplastic polyps than in 
nonneoplastic polyps [88]. Researchers have 
evaluated the increased NLR along the colorec-
tal adenoma-carcinoma sequence and found 
that the NLR in patients with CRC is significant-
ly higher than that in patients with adenoma 
[89]. In adenomas, the NLR is associated with 
polyp size, and patients with polyps larger than 
10 mm tend to have significantly higher NLRs 
than those with polyps smaller than 10 mm 
[89]. Another study revealed that the leukocyte 
count, neutrophil ratio and NLR followed the 
order of CRC > adenoma > control [90]. Thus, 
the NLR may reflect the host systemic immune 
reaction elicited by colorectal tumorigenesis. 
The NLR is postulated to have predictive sig- 
nificance in distinguishing the neoplastic poten-
tial of colonic polyps and could be used as a 
noninvasive test for monitoring polyps [90].

Furthermore, the clinical translational signifi-
cance of cytokine levels has been studied. The 
data demonstrate that an early, swift decrea- 
se in the TH1/TH2 cytokine ratio in peripheral 
blood was observed during progression from 
normal mucosa to adenoma and CRC [71, 73]. 
We recently found that the tissue expression 
levels of IL-17A mRNA along the adenoma-carci-
noma sequence followed the order of CRC > 
adenoma > control. Interestingly, the level of 
IL-17A mRNA in adenomatous tissues was as- 
sociated with the severity of dysplasia, which is 
the main histological hallmark of disease pro-
gression towards CRC. A few studies have re- 
ported that the levels of cytokines may be 
associated with increased risk of adenoma.  
For example, Sasaki and colleagues found that 
increased serum levels of IL-6 are positively 
associated with the presence of colorectal ad- 
enoma [91-93]. Kim et al. reported that the 
prevalence of colorectal adenomas was associ-
ated with increased concentrations of IL-6 and 
TNF-α [60]. These findings are supported by 
data from a meta-analysis by Godos et al. [94], 
suggesting that elevated levels of cytokines are 
correlated with the risk of premalignant adeno-
mas and contribute to the establishment of 
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CRC. Although those data might support the 
idea that immunological changes reflect the 
progression of premalignant lesions, the immu-
nological network in premalignant lesions is 
much more complex than previously thought. 
For example, the positive correlation between 
cytokine levels and adenoma risk was not con-
firmed by other studies [95, 96]. Much addition-
al work is needed.

Current clinical trials have documented that 
use of aspirin and nonaspirin nonsteroidal anti-
inflammatory drugs (NSAIDs) may reduce the 
risk of colorectal adenomas. Therefore, app- 
roaches to recover the inhibited host antitumor 
immunity or block the protumor factors in pre-
malignant adenomatous lesions could be novel 
immunotherapeutic strategies to prevent CRC. 
Current immunotherapeutic strategies for de- 
veloped human cancers include anti-inflamma-
tory mediator antibodies, immune adjuvants 
and vaccines, chimeric antigen receptor (CAR) T 
cell therapy, and CTL therapy based on antigen-
specific humoral or immune cell-mediated su- 
ppression of human tumors. However, immuno-
therapy for premalignant lesions has been 
considered and tested only in animal models 
[2]. The current common clinical strategy for 
the treatment of premalignant adenomas is 
removal by colonoscopic resection techniques 
upon discovery. Thus, as adenomas are the 
main premalignant lesion in CRC, immunother-
apeutic efficacy against adenomas has been 
documented only in animals. Wang and col-
leagues recently tested the efficacy of iNKT 
cell-directed immunotherapy and found that 
iNKT cell-directed therapy could subvert the 
natural polyp-enhancing effect of iNKT cells, 
overcome immunosuppression, and significa- 
ntly decrease the polyp burden (number) in 
ApcMin/+ mice [97]. Because cytokine signals 
can be easily targeted pharmacologically, the 
effect of cytokine signal blockade on adenoma 
formation in mice has been examined. IL-6 has 
been considered a critical mediator of CRC 
development. Blockade of IL-6 or IL-6 receptor 
signaling in CRC animal models has been 
shown to significantly suppress the develop-
ment of CRC [98]. In addition, studies have 
shown that IL-6 overexpression in ApcMin/+ mice 
increases the numbers and sizes of both intes-
tinal and colon polyps [99], whereas adminis-
tration of an anti-mouse IL-6 receptor antibody 
by intraperitoneal injection from 6 to 15 weeks 

of age results in a significantly decreased polyp 
burden and decreased mean polyp diameter in 
ApcMin/+ mice compared with mice in the control 
groups [100]. The therapeutic significance of 
blocking signals from other cytokines, i.e., IL-17 
and IL-33, in CRC prevention has been tested  
in animal models. In mice, blockade of IL-17A  
significantly inhibited premalignant hyperplasia 
and CRC development [76], while blockade of 
IL-17 signaling significantly reduced the inci-
dence of chemical-induced colon cancer [77]. 
We recently demonstrated that administration 
of an anti-IL-17A antibody by intraperitoneal 
injection for 4 weeks greatly decreased the 
number of inflammation-induced premalignant 
adenomatous polyps and CRCs in mice [67]. In 
addition, blocking signaling by the IL-33 recep-
tor ST2 via administration of an antibody spe-
cific for ST2 was demonstrated to significantly 
inhibit the development of adenoma and CRC 
in ApcMin/+ mice [17]. In general, most immuno-
therapeutic studies performed in ApcMin/+ mice 
aim to validate the efficacy in preventing CRC 
development. Valid immunotherapeutic studies 
evaluating the prevention of premalignant ade-
noma remain to be performed.

Conclusion

The emergence of premalignant lesions in the 
colorectum elicits a strong immune response, 
during which immune cells undergo marked 
populational, phenotypic and functional chang-
es that can significantly impair immunosurveil-
lance and then help premalignant cells escape 
immune control (see Figure 2). Premalignant 
lesions will remain stable or grow slowly when 
antitumor immunity prevails but progressively 
increase in size, progress from a low degree to 
a high degree of dysplasia and finally develop 
into CRC once protumor forces overcome anti-
tumor forces and immune escape occurs. A few 
translational studies have examined the pre-
liminary efficacy of targeting immunosuppres-
sive cells and enhancing antitumor immunity  
in preventing the progression of premalignant 
adenomas to CRCs. More precise studies are 
needed to further clarify the exact mecha- 
nisms of the immunosurveillance-immunosup-
pression switch, with special emphasis on the 
molecular pathways followed by immunosup-
pressive cells and immunomodulators to inhibit 
T cell functions and initiate the progression of 
colorectal premalignant lesions.
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