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Tumour immunotherapy has achieved remarkable clinical success in many different types of cancer in the past two decades. The
outcome of immune checkpoint inhibitors in cancer patients has been linked to the quality and magnitude of T cell, NK cell, and
more recently, B cell within the tumour microenvironment, suggesting that the immune landscape of a tumour is highly connected
to patient response and prognosis. It is critical to understanding tumour immune microenvironments for identifying immune
modifiers of cancer progression and developing cancer immunotherapies. The infiltration of solid tumours by immune cells with
anti-tumour activity is both a strong prognostic factor and a therapeutic goal. Recent approaches and applications of new
technologies, especially single-cell mRNA analysis in dissecting tumour microenvironments have brought important insights into
the biology of tumour-infiltrating immune cells, revealed a remarkable degree of cellular heterogeneity and distinct patterns of
immune response. In this review, we will discuss recent advances in the understanding of tumour infiltrated lymphocytes, their
prognostic benefit, and predictive value for immunotherapy.
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BACKGROUND
In recent years, multiple strategies for eliciting anti-tumour
immunity have been developed in different clinical studies.
Currently, immunotherapy was clinically validated as an effective
treatment option for many tumours such as melanoma, non-small
cell lung cancer (NSCLC) and renal cell carcinoma (RCC) [1]. Base
on the negative T cell regulatory pathways are often overactive in
tumour microenvironment (TME), the overall therapeutic aims of a
large variety of immunotherapy drugs in clinical trials are to
disrupt or counteract tumour-mediated immunosuppression [2].
Among these, immune checkpoint blockade (ICB) has proven to
be an effective strategy for enhancing the effector activity and
clinical impact of anti-tumour T cells. Checkpoint inhibitors
targeting CTLA-4, PD-1, and PD-L1 have yielded unprecedented
and durable responses in a significant percentage of cancer
patients [3]. Since the majority of people with cancer do not
respond to these antibodies, effective immunotherapy requires
the knowledge of TME, especially the interplay among the
immune system, the tumour and treatment.
The TME is heterogeneous and complex in its molecular and

immunological features. Multiple immune subsets and factors in
the TME greatly influence the outcome of immunotherapy and
disease prognosis. Over the last decade, it has become increas-
ingly clear that the immune cells in the TME play a critical role in
controlling or promoting tumour growth [4, 5]. The exact
composition of the infiltrate immune cells can vary widely within
and between tumours and clearly modulate the effectiveness of
the anti-tumour therapy. CD8+ cytotoxic T cells, T-helper 1 cells
producing interferon-γ, and natural killer cells (NK) are generally

associated with favourable responses, along with macrophages
polarised to an M1 phenotype and dendritic cells showing a DC1
phenotype. Immunosuppressive effects are seen with T-helper 2
cells, M2 macrophages, DC2 dendritic cells, myeloid-derived
suppressor cells and FOXP3+ regulatory T cells producing IL-10
and TGFβ [6]. B cells and plasma cells can also adopt either
effector or regulatory phenotypes, and hence can carry positive or
negative anti-tumour associations depending on contextual
factors in TME. The function of T lymphocytes in ICB-mediated
anti-tumour responses has been well characterised, but the
function of B lymphocytes and others are less clear. The presence
of tertiary lymphoid structures in TME is correlated with better
prognosis in many solid tumours [7, 8]. The numbers, localisation
and phenotypes of tumour-infiltrating lymphocytes (TILs) are not
only predictive of response to immunotherapy but also key
modulators of disease progression [9].
The programmed death ligand 1 (PD-L1) expression level,

tumour mutation burden (TMB) and microsatellite instability (MSI)
are biomarkers currently used to predict response to immune
checkpoint inhibitors, but more comprehensive characterisation of
TME will likely provide deeper insights for patient stratification
and drug development [9]. The assessment of immune infiltrates
in tumour, most commonly referred to as TILs, is gaining
importance in the current quest for optimal biomarkers to select
patients who will get benefits. Several strategies to measure the
interaction between tumour and immune system have been
published, including analysis of haematoxylin/eosin (H&E) stain-
ing, evaluation of specific subgroups of immune cells by
immunohistochemistry (IHC) [10], immunofluorescence or flow
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cytometry as well as measuring expression of immune-related
genes [9]. In contrast to conventional bulk mRNA-seq which
process mixtures of all cells to average out potential differences in
cell type-specific transcriptomes, single-cell RNA-seq profiles the
gene expression pattern of each individual cell and decodes its
intercellular signalling networks, could provide clear and unbiased
insights into the entire tumour ecosystem, such as mechanisms of
intra- and inter-tumoural heterogeneity, as well as cell–cell
interactions through ligand-receptor signalling [11]. In this paper,
we explore the sate-of-art prognostic relevance of TILs pattern,
profiling and enumerating various lymphocyte subsets, also the
new strategies to measure the immune status in TME and discuss
their application in clinical.

Tumour-infiltrating lymphocytes
TILs are immune cells that have migrated from the blood stream
into tumour tissue with the purpose of tumour elimination [6]. In
most cases, TILs are comprised primarily of CD3+ T cells, and a
smaller proportion of B and NK cells. The driven force of tumour
infiltrating derived from TILs’ tumour specificity which is always
assimilated and suppressed by TME. Curative effect of TILs was
verified by Professor Seven Rosenberg firstly and applied in
patients with melanoma in 1986, 60% (9/15) of enrolled patients
with metastatic melanoma had an objective response [12].
Compared with other cellular immunotherapies, autologous
tumour tissue derived TILs without genetic modification are
potent in tumour killing and meanwhile safe from immune-related
adverse events (irAEs).
TILs, as one of the most intricate immune subgroups within

TME, the overall existence of TILs would serve as the rough
indicator of patients’ survival and therapeutic effect of ICB, even
no further clustering and function details are provided. According
to the results of certain clinical trials as KEYNOTE-086, which
shows curative response of Keytruda is positively related with HE
staining defined TILs abundance, and as KEYNOTE-173, which
reported the homodromous consistency between patients’
objective response rate (ORR) and complete response (CR)
improvement and biopsy defined enhancive TILs expression in
neoadjuvant ICB treatment in triple-negative breast cancer (TNBC).
TME is classified as four different subtypes by scientists based on
the presence or absence of TILs and expression of PD-L1: type I
(PD-L1 and TILs positive), type II (PD-L1 and TILs negative), type III
(PD-L1 positive with TILs negative), and type IV (PD-L1 negative
with TIL positive) [13]. Patients of type I subgroup are most likely
to benefit from ICB due to the evidence of pre-existing
intratumour T cells that are turned off by PD-L1 engagement
even the risk of further activation of PD-1+Treg may also exist.
Around 41% melanoma patients present with a type II TME which
indicated poor prognosis based on the lack of detectable immune
reaction. Administration of single agent ICB would most likely not
to be successful given the lack of pre-existing TILs within this
subgroup. At least three strategies should be considered in this
scenario: (1) Combinational therapies, such as the combination of
anti-CTLA-4 and anti-PD-1, which would enhance tumour tissue
trafficking and infiltrating also referred as “tumour penetrating” of
immune potent T cells. The 45–50% response rates and 70% of
2-year overall survival rate were reported by Wolchok et al. in
advanced melanoma patients and increased infiltrating of TILs
in situ were also confirmed by IHC in a combining trial of
ipilimumab and nivolumab [14]. (2) Establishment of type I IFN
response would be helpful to changeover the PD-L1-TILs-
immunosuppressive TME [15]. (3) Adoptive cell transfer or tumour
vaccination would be other choices to attract tumour-specific
T cells into the hostile TME. The former would passively
remodelling the host anti-tumour immunity by infusing abundant
specific immune potent cells such as ex vivo expanded TILs, CAR-T
or TCR-T cells, while the later would mobilise host anti-tumour
immunity in the proactive way [16]. Another potential strategy

which deserved to be mentioned here is immunogenic cell death
which induced by certain chemo/radio-therapy or small molecules
would favour the process of type II tumours remoulding [17].
Patients within type III group would not benefit from ICB owing to
lack of TILs as downstream executor of tumour killing which
means same strategies should be employed to recruit lympho-
cytes into tumour lesions. Type IV tumour microenvironment
refers to the other suppressive pathways such as LAG3, TIM3,
TIGIT, IDO etc. induced immune tolerated state. In this condition,
other immune checkpoint inhibitors should be considered rather
than PD-1/PD-L1 mAb and TILs abundance could not be simply
interpreted as one monodirectional variate due to its promiscuous
state [18].
Phenotype of TILs within TME is intricate and erratic. It is

difficult to define certain subset of TILs as indicator of prognosis
only based on unstable surface markers. So researchers turn to set
up profile of TILs related immune-predictive signature genes with
equal or distinct weight within system such as IFN-γ–related
mRNA profile(T cell-inflamed GEP) [19] or IFN stimulated
genes(ISGs) profile combined with ISG resistance signature(ISG.RS)
profile [20]. T cell-inflamed GEP including IFN-γ–responsive genes
related to chemokine expression, antigen presenting, T cell
cytotoxicity, and immune tolerance is designed as pan-tumour
indicator derived from 220 patients with 9 cancers which are
necessary but not always sufficient. IFN stimulated genes profile
refer to around 200 genes such as HLA-A, GZMA, ICAM, etc., which
are tightly related IFN signalling pathway in immune cells
especially in TILs while ISGs resistance signature profile refers to
38 genes such as HLA-G, TIM3, LAMP3, etc., which are related with
immunosuppressive or immune tolerance mechanism of cancer
cells, tumour associated fibroblast, type 2 macrophage and so on.
Putting ISGs together with ISG.RS would reinforce the Signal to
Noise Ratio(SNR) of the predictive system.
According to the theory of clonal selection [21], tumour-specific

TILs clone would be collectively expanded within TME under
stimulation of tumour antigen before cancer induced clonal
suppression and deletion, which means the intratumour richness
and clonality of TILs and diversity TILs repertoires may correlate
with ICB responses, while it is far more complicated in reality
[22, 23]. TILs clonality may related with ICB response in some
studies but not in others which may indicate that some restrict
low density TILs clones are also functional in ICB treatment. The
Immune Repertoire (IR)-Index is further induced by researchers to
highlight the proportion of potent neoantigen stimulated TCRs in
ICB background, while the predictive efficacy of IR-Index is only
confirmed in two distinct cohorts and its prognosis value in pan-
tumour should be further validated [24].

TIL subsets and tumour-specific TILs (TSTs) within TME
CD8+ TILs. Cytotoxic CD8 + TILs are definite focus of host anti-
tumour immunity from basic research in tumour immunology to
clinical application of adoptive cell therapy (ACT). We could
highlight the characters of CD8 + TILs by sketching the fate of
intratumour cytotoxic T lymphocytes (CTLs) with cellular and
functional features [25]. Naive T cells activated by antigens via
transcription factors of TCR pathway as BATF, IRF-4, and NFAT-AP1
and differentiated into KLRG-1loCD127hi memory precursor T cells
(MPECs). Depending cytokine crosstalk and antigen stimulation,
CD8 + TILs would further differentiate to final stage along
different trajectories: (1) Effector T (Teff) cells are characterised as
KLRG-1hiT-bet++Blimp-1+ CD8+ T cells which are functional in
cytokine production and antigen elimination. (2) Memory T cells
are characterised as EomeshiTcf-1+ self-renewing CD8+ T cells.
(3) Resident memory T (Trm) cells are characterised as CD103+
CD69+ CD127 lo/–KLF-2lo Hobit+ Eomes lo CD8+ T cells which
escape from circulation and retain in tumour tissue. (4) Exhausted
T (Tex) cells subjectively divide into early and terminal subgroups
according to distinct master transcription or surface markers as
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PD-1IntTcf-1+Eomeslo early exhausted CD8 + TILs and PD-
1hiEomeshiTbetloTcf-1- terminal exhausted CTLs. Repeated con-
tinuous antigen stimulation is the driven force of T cell exhaustion.
According to the study published by Lee et al. on JAMA

Oncology, among the 36 enrolled potent risk factors as PD-L1
expression, intratumour heterogeneity, TMB, etc., estimated
CD8 + TILs abundance within TME is the most independent
predictive marker (P < 2.3 × 10−4) of anti–PD-1/PD-L1 therapy
across 21 cancer types (7187 patients) [26]. Similar conclusion is
also reported by Bruni et al. on data of 18,700 patients across
17 solid cancer types but totally opposite observation is presented
meanwhile in patients with clear cell RCC (ccRCC) and prostate
cancer, which shows abundance of CD8+ TILs within TME
correlate with shorter progression-free survival (PFS) and overall
survival (OS) [27–30]. Exhausted state of infiltrated CTLs in the case
of ccRCC is one of the potential explanations which is not yet
validated in the case of prostate cancer [31]. Immunoscore,
reported by Galon et al., is established on algorithm of CD3/CD8
expression at the core and edge of tumour lesion in colorectal
cancer (CRC) [32]. By quantifying CD3+ and CD8+ TILs densities in
both locations, potential anti-tumour immunity which tightly
correlates with disease-free survival (DFS), disease-specific survival
(DSS) and OS is translated into measurable certain score ranging
from 0 to 4 [33, 34]. In this predictive system, high scores refer to
low recurrence and better survival in spite of TNM stage, tumour
differentiation, sex, mucinous tumour type and MSI status. Even
further, the prognostic value CD3/CD8 based Immunoscore is
confirmed by studies not only in CRC but also in other cancers as
breast cancer and ovarian cancer. Up to now, Immunoscore is
approved for clinical use and industrialised successfully as the
predictive platform. Beside the entire CD8 + TILs group, selective
expression of transcription factor 7 (TCF7) on memory-like CD8 +
TILs in melanoma strongly correlate with clinical benefit and OS in
patients treated with anti-PD-1 mAb [35]. Defined by high
expression of exhaustion markers as PD-1 and CTLA-4, phenoty-
pically exhausted CD8 + TILs could be functional meanwhile in
certain degree to produce cytokine as IFN-γ rather than IL-2 or
TNF-α and serve as marker of clinical response of anti-PD-1
blockade in metastatic melanoma [36]. One recent study verified
the fact that chemotactic reprogramming inducing via upregula-
tion of chemokine receptor CXCR6 in TME would convert stem-like
CD8 + TILs into effector-like CTLs and provide survival signals
together with IL-15 trans-presentation which means CXCR6 is
critical for CTL-mediated tumour control [37].
Along with the development of single-cell sequencing technol-

ogies, properties of immune cells in TME could be described and
exhibited on a more elaborate level. According to data of single-
cell sequencing, CD8 + TILs could be labelled in a subtle way
based on the otherness and specificity of genetic fingerprints.
Exhausted CTLs which annotated as LAYN+Tex in TME are usually
dysfunctional by increased expression of inhibitory receptors such
as PD-1, CTLA-4, LAG3, TIM3, TIGI, etc. and low/absent expression
of T-box transcription factor (TBX21), IL-2 and TNF-α, along with
reactively elevated inflammatory and cytotoxic associated genes as
TOX, TNFRSF9, CXCL13, IFNG, GZMB, and PRF1 [35, 38–40]. In
certain cancer types as melanoma, CRC and liver, lung, breast,
bladder cancer, proliferative CTLs(Mki67+) are defined as close but
distinct subsets of Tex and shared TCR between the two subgroups
suggesting the same origin [41–43]. CD45RO+GZMK+ T effector
memory (Tem) is another common group revealed by scRNA-seq
by expression of GZMK, GZMA, CCL5, IFNG, RUNX3, EOMES, CXCR3,
CXCR4, CD44 instead of exhaustion gene profile but TCR overlaps
are still widely detectable between Tem and Tex which indicate the
existence of crosstalk and interaction rather than isolation [44]. The
ratio of Tem/Tex could serve as predictive marker of OS in ICB
treated NSCLC and melanoma and it also varies within different
cancer types and stages [43]. Pre-exhausted Trm cells which
annotated as ZNF683+ Trm in scRNA-seq analysis are highlighted

by ZNF683, HOPX and ITGAE expression in TME and share TCR
frequently with Tex cells [45]. Comparably, another Trm subgroup
in peri-tumour site is annotated as XCL1+ Trm which is
characterised by expression of XCL1, XCL2, MYADM, CAPG, CD6,
NR4A1/2/3, CD69, ITGAE in CRC [41].

CD4+ TILs. T helper cells in TME represent one complicated
subgroup of miscellaneous TILs including T helper 1 (Th1) cells, T
helper 2 (Th2) cells, T helper 17 (Th17) cells, regulatory T cells, T
follicular helper (Tfh) cells, etc., which are phenotypically and
functionally distinct. Th1 cells produce cytokines like IFN-γ and
TNF-α would help to establish type 1 inflammation and strongly
associated with better clinical outcome in almost all cancer types,
while Th2 cells produce cytokines like IL-4, IL-5 and IL-6 would
favour type 2 inflammation and associated with poor survival [27].
One exception case should be mentioned that Th1 abundance are
associated with worse prognosis in NSCLC after surgery. The
exception case for positive prognostic value of Th2 is in Hodgkin
lymphoma. In glioblastoma model, ratio of Th1/Th2 is applied as
predictive marker in ICB treatment [46]. The indicative role of Th17
is also controversy: better survival correlations are observed in
gastric, ovarian and cervical cancers [47–49] while worse survival
correlations are reported in NSCLC and CRC [50, 51]. IL-17
produced by Th17 would aid process of oncogenesis while CCL5
and CCL20 produced by Th17 would induce enrichment of
CCR5+CCR6+CTLs in situ for tumour elimination in CRC [52, 53].
Tfh cells are frequently reported as the central component of
tertiary lymphoid structures which are correlated with establish-
ment of anti-tumour immunity and clinical benefit after ICB
treatment [54]. CXCR5 expressed on Tfh cells would induce
chemotaxis migration of tumour specific CXCL13+ T cells in in CRC
and breast cancer [55, 56].
Treg cell is the typical CD4+ T cell subset and characterise by its

high expression of IL-2Rα (CD25) and the transcription factor
forkhead box protein P3 (FOXP3), meanwhile low or negative
expression of IL-7Rα (CD127) [57]. Physiologic suppressive
function of Treg cells (Tregs) are executed by production of
inhibitive cytokines as IL-10, IL-35 and TGF-β, induction of
adenosine or IDO luxuriant microenvironment and metabolic
hostile milieu, IL-2 competition, negative regulation of DC
development, maturation and function via LAG3 and CTLA-4
expressing and CTLs elimination by direct contact and GZMB
production. Treg cells are assimilated and domesticated in the
procedure of oncogenesis and work as the core of pathologic
immunotolerance. CCR8 would be helpful to discriminate the
highly suppressive intratumour Tregs as function marker, so as to
CD39 and CD73 [58]. Based on sustained Foxp3 expression,
hypomethylation at the CNS2 locus and maintained suppressive
function, Tregs are defined as 3 main subgroups [59]: (1) Stable
Tregs are hypomethylated at CNS2 and express stabilising markers
like NRP1 and Helios. Stable Tregs are Foxp3 positive and function
in immune suppression. (2) Fragile Tregs are Foxp3 positive while
with low IL-10 and TGF-β production and are incapable in
inhibitory function. Anti-tumour activity of fragile Tregs is reported
owing to their tumour antigen specific IFN-γ secretion. (3)
Unstable Tregs are Foxp3 negative and disable in effector
suppression [60, 61]. Abundance of Tregs within TME is related
with poor prognosis in cervical and renal cancer [62, 63], but no
confirmed correlation with prognosis in SCC and glioblastoma
[64, 65], or even positively related with clinical benefit in CRC,
bladder, head and neck cancer [66, 67]. One key mechanism of
hyperprogressive disease in Patients with NSCLC treated with anti-
PD-1/PD-L1 Abs is due to the PD-1 expression on Tregs [68]. This
point is circumstantially evidenced by the study published by
Kumagai et al. concerning the PD-1 expression balance between
Teff and Tregs would predict the clinical efficacy of PD-1 blockade
[69]. Another explanation for the contradictory predictive value of
Tregs in ICB treatment is its nonuniformity and non-pureness,
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since Foxp3 could not be the unique key marker of Tregs as we
mentioned above and also in other publications. Existence of two
functionally distinct Foxp3+ populations are reported by
Saito et al., within which “classical” Foxp3hi Tregs are immuno-
suppressive while CD45RA-Foxp3lo Tregs (non-Tregs) would
produce inflammatory cytokines, as the fragile Tregs mentioned
before [35].
From the aspect of scRNA-seq, CD4+ T cells within tumour

adjacent site are specified as TCF7+ naive T (Tn) and follicular
helper T cells, respectively. Distinctive markers for the former are
CCR7, TCF7, RGS1, CD69, CXCR5 and for the later are CXCR5, BCL6,
ICA1, TOX, TOX2, IL6ST, MAGEH1, BTLA, ICOS, PDCD1, CD200
[70, 71]. As the mirror group in CD4+ TILs, CD4+GZMK+Tem cells
share similar profile of signature genes with GZMK+ CTLs.
Corresponding matchup of CD8+LAYN+ Tex cells in T helper
are CXCL13+ Th1-like cells whose signature genes are CXCL13,
IFNG, CXCR3, BHLHE40, GZMB, PDCD1, HAVCR2, ICOS, IGFLR1,
ITGAE. Subgroups which are CD4+ TILs specific are CXCR6+ Trm
cells (CXCR6, CD69, KLRB1, PTGER4, IL7R, NR4A1/2/3, MYADM) and
Th17 cells (IL17A, IL23R, RORC, FURIN, CTSH, CCR6, KLRB1,CAPG,
ITGAE). Tregs within tumour lesion are usually functionally active
with high expression of CCR8 OXP3, CTLA4, LAYN, TNFRSF9,
TNFRSF18, IKZF2, RTKN2, BATF and annotated as tumour Tregs
reported in melanoma, breast cancer, NSCLC, HNSCC, TNBC and
CRC [70, 72].

B cells
As an integral component of the TME, B cells exist in all stages of
cancer, including all major B cell subsets, from naive B cells to
plasma cell (PC). Compared to the significant attention to T cells,
the roles of B cells are not well characterised and studies
examining their prognostic potential are limited [73]. However, B
cells also display important functions apart from producing
antibodies, evidence has shown that B cells can both restrain
and promote anti-tumour immune responses [74]. And new
findings suggest that some aspects of the humoral immune
response may improve clinical outcomes through B cell tumour
infiltration and antibody expression in lesions or circulation [9].
Briefly, B cells can impede tumour development by promoting
cytotoxicity to tumour cells, producing tumour-specific antibodies,
and acting as APC, especially where DC function may be impaired
or DC may be present [75]. In the last 5 years, multiple studies
have demonstrated an association between the presence of B cells
in the TME and improved clinical outcome [74, 76].
Researchers from Lund University discovered that when B cell

structures were present in the tumour, the patient had a better
prognosis and responded better to immunotherapy in melanoma
[77]. Improved survival of patients with high CD20 gene
expression and with high numbers of CD20+ B cells in the
majority of patient cohorts were reported, strongly supports an
anti-tumour role for conventional B cells [78, 79]. In TNBC, tumour-
infiltrating B lymphocytes assemble in clusters, undergoing B cell
receptor–driven activation, proliferation, isotype switching, and
the clonally expanded, IgG isotype-biased humoral immunity
primarily associates with favourable prognosis [80]. These
suggests that humoral immune responses may contribute to
clinical outcomes, especially in more immunogenic subtypes.
Patients with the enrichment of B cell and Tertiary lymphoid
structure (TLS) were demonstrated to obtain significant therapeu-
tic advantages in CRC [81]. However, the characteristics of B cells
and their clinical significance remain unclear. It was found that the
proportion of IgG plasma cells in the tumour site was higher than
that in the adjacent normal mucosa. In addition, B cells and the
CCL28-CCR10 axis is pivotal for IgG plasma cell migration from the
periphery of TLS to the tumour stroma [82, 83].
Recent studies indicate that proliferating B cells are observed in

35% of lung cancer patients [84]. And can be observed in all
stages, and their presence differs between stage and histological

subtypes, suggesting a critical role for B cells during lung tumour
progression [75]. B cells and TLSs in NSCLC correlate positively
with prognosis and are associated with increased CD4+ T cell
repertoire clonality and a reduction in the frequency of Treg [85].
In a recent study, B cells were remarkably enriched in major
pathological response (MPR) tumour lesions, suggesting that B
cells may be a key determinant of therapeutic response to
neoadjuvant pembrolizumab and chemotherapy in NSCLC
patients [81]. IGHA1, IGHA2, and JCHAIN were significantly
decreased in neoadjuvant MPR tumour lesions than in non-MPR
tumour lesions, while IGHG1 and IGHG3 were significantly
upregulated in MPR tumour lesions, indicating the B cells class
switched to two dominant antibody isotype IgG1 and IgG3 during
the therapy [86]. The multiplex fluorescent immunohistochemistry
(mIHC) results demonstrated that neoadjuvant chemoimmu-
notherapy promoted more intratumoural CD20+ B cell infiltration
(mean 7.59% versus 14.25%). And there are more CD4+IL21+ and
IgG-positive cells in MPR tumour tissues, while no difference in
nearest non-cancer tissues, and LNs. Taken all together, the
analysis suggested that B cells class switched to IgG subclass
mediated favourable anti-tumour immune response during
neoadjuvant chemoimmunotherapy, and that increased IL-21
secreted by CD4+ T cells was the driving force in tumour lesion
[87]. Another study also shows that B cell density represents a new
prognostic biomarker for the survival of NSCLC patients, and
makes the link between TLS and a protective B cell–mediated
immunity [88].
Regulatory B (Breg) cells are immunosuppressive cells that

support immunological tolerance through the production of
interleukin-10 (IL-10), IL-35, and transforming growth factor β
(TGF-β) or intercellular contact [89], evidences shows that Bregs
play a pivotal role in regulating immune responses involved in
inflammation, autoimmunity and cancer [90]. In accordance with
these findings, patients with ovarian cancer also express elevated
frequencies of IL-10-producing B cells that correlate with higher
frequencies of FOXP3+CD4+ Tregs and exhibit suppressed IFN-γ
production by CD8+ T cells, which is mediated through both IL-10
secretion and cell-to-cell contact via CD80/CD86 expression [91].
Bregs were also reported to correlate with increased frequencies
of CD14+ HLA-DRlo myeloid-derived suppressor cells as well as
increased progression of carcinoma and reduced patient survival.
IL-10 secretion by Bregs were reported to induce the conversion of
CD4+ T cells into Tregs, which could be one of the mechanisms
that modulate cancer progression [92]. Taken together, Bregs
attenuate anti-tumour immune responses by suppressing diverse
cell subtypes, including T cells, through the secretion of anti-
inflammatory mediators and can facilitate the conversion of T cells
to regulatory T cells [93].
As discussed above, B cells play widely varied roles in the

context of tumour immunity, and in different cancers contribute
to either tumour growth or anti-tumour immunity. Correlative
studies on human tumour-infiltrating B cells are somewhat limited
by their inability to differentiate between functional B cells
present in tumours and bystander cells simply recruited as a result
of the local cytokine milieu [75]. These observations suggest that
both the functional diversity as well as the spatial localisation of B
cells and plasma cells are important considerations when
determining their prognostic and biological significance in the
TME [76]. The prognostic and mechanistic significance of the
localisation of B-TIL and other leucocytes within tertiary
lymphoid structure is a vital avenue of investigation in tumour
immunology [94].

Tertiary lymphoid structures
Tertiary lymphoid structure is transient ectopic lymphoid tissues
which develop in the context of chronic inflammatory responses
such as in chronic viral infections, autoimmune diseases, allograft
rejection and cancer [54]. TLSs are characterised by an inner zone
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of CD20+ B cells that is surrounded by CD3+ T cells, and can vary
in complexity from lymphocyte clusters to highly organised in the
tumour, spatially segregated structures bearing a strong resem-
blance to secondary lymphoid organs, with the exception that
TLSs are not surrounded by fibrous capsules like lymph node. And
TLSs are also observed to contain high endothelial venules (HEV),
distinct T cell zones with mature DC and B cell follicles with a
germinal centre, and evidence of antibody class-switching [94].
Histologically, TLSs are found in a proportion of cancers of various
types such as NSCLC, melanoma, sarcoma and colorectal cancer
[95], and correlated with a good prognosis and prolonged
patient’s survival in 12 different types of cancer [96], and usually
located in the invasive margin or in the stroma rather than the
tumour core, and HEV are detected in close proximity to TLSs.
Using H&E, mature TLS (mTLS) can be identified either as well
differentiated lymphoid follicles which include structures resem-
bling germinal centres, which can be assessed by multiplex
immunofluorescence assay combining markers with CD4, CD8,
CD20, CD21 and CD23 [54, 97].
In patients with soft-tissue sarcoma, high expression of a

transcriptomic B cell signature correlated with longer OS,
regardless of other immune factors such as T cell abundance.
This B cell signature was positively correlated with expression of
CXCL13 and the presence of TLS detected by IHC, mostly in
peritumoural areas [95]. A study on a cohort of 328 patients
treated with anti-PD1 or anti-PD-L1 monoclonal antibodies shows
that the presence of mTLS was the most significant predictive
factor for objective response, and had an independent predictive
value for both PFS and OS, independent of PD-L1 TPS score and
the level of CD8+ T cell infiltration [97]. In another validation
cohort included 81 patients from MATCH-R study, mTLS-positive
patients had a significantly better outcome than patients with no
mTLSs, with an ORR of 38.4% versus 11.8% (P= 0.02), a median
PFS of 10.9 versus 2.1 months (P= 0.079) and a median overall
survival of 24.6 versus 8.1 months (P= 0.036).
In immature TLSs, B cells may produce molecules released in

the TME or expressed on their membrane that impair an efficient
anti-tumour immune response. In contrast, in germinal centres
within mature TLS, B cell clones are selectively activated and
amplified, and undergo antibody class switching and somatic
hypermutation. Subsequently, these B cell clones differentiate into
plasma cells that can produce IgG or IgA antibodies targeting
tumour-associated antigens. Meanwhile, these B cells may instruct
CD8+ T cells by presenting them with tumour-derived antigens.
Although the precise mechanism by which mTLSs control tumour
growth and predict the response to ICB is not fully understood, it
is established that plasma cells are generated in TLS germinal
centres [98].
Response to ICB immunotherapy and survival were better

predicted in multiple cancer types by the presence of B cells,
plasma cells, and a mature TLS. In order to better understand the
mechanism behind, Fridman group performed spatial transcrip-
tomic profiling on 24 human ccRCC samples [99]. In TLS+
tumours, B cell lineage genes representing all stages of develop-
ment were found preferentially expressed in “hot spots” within the
TLS, indicating that the maturation of B cells and PCs occurs in the
TLS. Additionally, they saw the higher number of different B cell
clonotypes in TLS+ tumours, further data from spatial B cell
receptor repertoire profiling using Visium, reveals that the
diversification, selection, and expansion of B cell clones occurred
in the TLS. Importantly, expression of a PC-associated gene, MZB1,
was high in TLS, low in the tumour area, but found in many spots
at a distance from the TLS, and B cell repertoire analysis revealed
the presence of fully mature clonotypes at distance which
disseminated into the tumour beds along fibroblastic tracks.
Interestingly, the presence of mTLSs was found significantly

associated with improved outcomes in tumours with a high
infiltration of CD8+ T cells, whereas poor for patients with low

infiltrated CD8+ T cells, regardless of the TLS status. Moreover, in
ovarian cancer, antigen-experienced CD20+ B cells colocalised
with activated CD8+ T cells, and the presence of both populations
correlated with increased patient survival compared with the
presence of CD8+ T cells alone [100]. This suggests that the
presence CD8+ T cells is necessary but not sufficient to induce a
sustained anti-tumour immune response, which indeed requires
crucial cooperation with B cells [97]. TLSs presence in the TME is
generally thought to reflect the capacity of a patient’s immune
response to recognise and respond immunologically to their
tumour as an anomaly. Together, these findings open new
avenues for improving patient selection for immunotherapy given
that the identification of mature TLS is readily feasible for standard
pathology laboratories.

NK cells
Natural killer cells are important innate cytotoxic lymphocytes
with a rapid and efficient capacity to recognise and kill tumour
cells without prior sensitisation. According to the principle of
“missing self” recognition, NK cells can eliminate targets that do
not express sufficiently large numbers of MHC-I molecules [101].
The expression of these molecules is often lost during viral
infection and neoplastic transformation, enabling the cells to
escape CD8+ T cell immunosurveillance [102]. NK cells participate
in immune responses to tumours by killing target cells and
producing chemokines and cytokines, which also greatly impact
the adaptive anti-tumour immune response. However, different
tumour-related soluble factors (IL-10, IDO, PGE2, TGF-β1, etc.)
produced by different tumour-infiltrating immune cells (M2
macrophages, MDSC, DC, Treg), may negatively affect NK cell
activity [103].
Beside the direct killing, there exists another anti-tumour role of

NK cells by modulating the immune response, the activation of
the NK natural cytotoxic receptor 1 induces IFNγ production
which, in turn modulates fibronectin 1 expression on tumour cells,
preventing metastatic spread. The presence of NK cells within the
TME may be associated with a good prognosis. Indeed, low NK-cell
numbers are observed in primary head and neck squamous cell
carcinoma tumour sections [104] and were associated with the
insufficient tumour rejection. In a study of resectable oral
squamous cell carcinoma, a higher intratumour infiltration with
CD56+ cells was significantly correlated with locoregional disease
control and improved survival (OR= 3.669, CI 95% 1.09–15.37,
p= 0.035) [105]. Higher levels of NCR1 expression at the tumour
site are associated with better survival. There is also a positive
correlation between the infiltration of NK cells and CD8+ T cells
into the TME and prolonged survival in patients with colorectal
carcinoma [106]. In gastric and oesophageal cancers [107], the
proportion of CD56dim NK cells infiltrating tumours gradually
decreases with disease progression in patients. A NK gene
expression signature shows strong survival effects for patients
from a skin cutaneous melanoma cohort with either a high or
moderate NK score. These survival effects are largely recapitulated
across a selection of marker genes associated with: T cell
infiltration (CD3D), cytokine signalling, which promotes NK cell
and T cell infiltration (IL15), a shared component of the IL2 and
IL15 receptors, interferon-gamma responsive checkpoint markers
(CD274), NK secreted chemokines/cytokines associated with
dendritic cell recruitment and stimulation (CCL5, XCL1) and
cytotoxic effector molecules (GZMB, FASLG) [108].
The finding above indicating that NK cells play a role in the

regulation of human tumours and highlight potential survival
effects associated with increased NK cell activity. But the total
number of NK cells infiltrating solid tumours including those
considered “highly” infiltrated was relatively low compared with
other immune populations, and several studies asserted that the
number of NK cells was too low to pursue prognostication.
Although the exact roles of infiltrating NK cells remain to be
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determined, that NK cells are competent “serial killers”, capable of
polarising the TME, recruiting and activating additional effector
cells suggests that their low frequency should not be interpreted
as a lack of power or importance.

CONCLUSIONS AND PERSPECTIVES
The TME is heterogeneous, complex in molecular and immuno-
logical features, many immune subsets and factors greatly
influence the outcome of immunotherapy and disease prognosis.
As described above, the balance between immune evasion and
anti-tumour activity, as well as a patient’s response, is greatly
affected by the recruitment or accumulation of specific immune
cells, which in turn influence the immune response. Increasing
evidence shows that infiltrating immune cells such as T cells, B
cells, macrophages, dendritic cells, monocytes, neutrophils, and
mast cells can regulate cancer development and progression [12].
Tumour cells in the TME can invade surrounding tissues or
metastasise through lymphatic or blood vessels, the infiltrated
tumour cells can stimulate the host’s immune response, includ-
ing releasing chemokines, cytokines and anibodies, regulating
the expression of realted receptors, and other factors (Fig. 1),
which directly or indirectly promote or inhibit tumour cell
proliferation [4].
The anti-tumourigenic function in the TME is not only regulated

by lymphocytes such as T cells, B cells and NK cells discussed
above; others like dendritic cells, macrophages and normal
fibroblasts also play important roles. The pro-tumourigenic
function is also mediated by other immune cells such as
myeloid-derived suppressor cells, M2-tumour-associated macro-
phages (TAMs) and regulatory T cells, as well as carcinoma-
associated fibroblasts (CAFs), adipocytes and endothelial cells [5].

In ovarian and endometrial cancer patients, the immunosuppres-
sive factors specifically TGF-β, CD47 and TAMs play a significant
role in predicting low survival outcome [109].
Effective immunotherapy requires the knowledge of the tumour

microenvironment, especially the interplay among the various
compartments in TME. However, measurement of immune
heterogeneity and its impact on outcomes has been limited by
the lack of standardised methods and suitable metrics. The
complex interaction between tumour cells, immune cells and their
longitudinal temporal evolution can give rise to spatial intratu-
mour heterogeneity. In the attempt to address the need to
capture cellular heterogeneity and detect rare immune subsets,
approaches have advanced toward single-cell capabilities and
high-dimensional analyses with new technologies such as single-
cell RNA-Seq (scRNA-Seq), cytometry by time of flight (CyTOF)
[110] and multiplex IHC (mIHC). Fluorescent in situ hybridisation
(FISH) allows measurement of gene expression using fluorescent
probes recognising RNAs linking transcription patterns with spatial
organisation of single cell cells within the tissue.
Recent advances in computational power and the advent of

whole-slide digitisation have led to several studies investigating
quantitative approaches to interrogate the TME on high-resolution
histology images. Research has focused on leveraging artificial
intelligence and digital pathology approaches toward answering
clinically relevant questions related to detection, diagnosis,
prognosis, and treatment response. Researchers used an image
analysis algorithm to capture morphologic attributes relating to
the spatial interaction and architecture of tumour cells and TILs
from digitised H&E images and presented a classifier called
HistoTIL [111]. Deep learning approaches like handcrafted
approaches have been shown to be able to predict underlying
molecular signatures of the tumour and have also been shown to
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be associated with disease outcome and treatment response.
Translating these novel technologies have the potential to
revolutionise tumour immunopathology leading to altering our
current understanding of cancer immunology and dramatically
improving outcomes for patients.
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