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1. Abstract
Immunogenic Cell Death (ICD) plays an important role in the treat-
ment of  colorectal cancer, and the relevant molecular mechanisms 
of  its role in colorectal cancer are closely related to a variety of  Dam-
age-Associated Molecular Patterns (DAMPs), such as calreticulin 
(CRT), Heat Shock Protein (HSP), Adenosine Triphosphate (ATP), 
high mobility group protein B1 (HMGB1) signaling molecules, Type 
I interferon (IFN-1) and so on. DAMPs attract natural killer cells, 
macrophages, dendritic cells and other innate immune cells through 
various pattern recognition receptors, and promote their maturation 
and activation to kill tumor cells and produce memory effects. ICD 
and its DAMPs provide a new therapeutic basis and means for the 
treatment of  colorectal cancer. Monitoring the changes in the immu-
nogenicity of  tumor cells before and after non-surgical treatment of  
colorectal cancer, and organically combining chemotherapy and/or 
targeted therapy with immunotherapy can improve the therapeutic 
effect of  tumors. This article reviews the expression mechanism of  
ICD-related molecules in colorectal cancer. 

2. Introduction
With the development of  the times, the technology of  screening 
and treatment of  colorectal cancer (CRC) has continued to improve. 
However, as the third largest malignant tumor in the world, colorec-
tal cancer still has a high incidence, prevalence and mortality. In 
China, the incidence and mortality of  colorectal cancer are increas-
ing year by year, and the age of  onset is even younger and younger 
[1-2]. For patients diagnosed with stage IV colorectal cancer, since 

there is currently no effective treatment option, most patients can 
only receive chemotherapy (eg, 5-fluorouracil, oxaliplatin, or irino-
tecan) and/or targeted therapy (eg, bevacizumab, targeting vascular 
endothelial growth factor, or cetuximab, targeting epidermal growth 
factor receptor), and the 5-year survival rate of  patients is less than 
10% [3]. The occurrence and development of  colorectal cancer is 
very complex, including changes in the tumor microenvironment 
(TME), cell death, chronic inflammation, and oxidative stress. xist-
ing studies have confirmed [4] that the immune system plays a key 
role in the occurrence, development and treatment of  tumors. For 
example, changes in the tumor microenvironment can lead to im-
munosuppression and loss of  immune surveillance to promote tu-
mor development. Immunotherapy is bound to become a promising 
method to treat colorectal cancer and inhibit the recurrence and me-
tastasis of  colorectal cancer. As an important mechanism of  tumor 
immunotherapy, immunogenic cell death (ICD) can be induced by a 
variety of  chemical agents, radiation and targeted drugs, releasing a 
variety of  damage-associated molecular patterns (DAMPs). ICD and 
its DAMPs can destroy the immunosuppressive TME and re-estab-
lish the immune surveillance of  the body’s tumor cells [5], thereby 
exerting anti-tumor effects through systemic anti-tumor immunity 
[6]. How to combine various anti-tumor therapies to improve clinical 
efficacy is an important direction in the treatment of  colorectal can-
cer. This article reviews the expression mechanism of  tumor ICD-re-
lated molecules and the regulation of  immunity, and further explores 
the strategy of  combining immunotherapy with ICD-inducing drugs, 
hoping to provide a theoretical basis for clinical work. 
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3. Immunogenic Cell Death
ICD was originally introduced by Casares et al. [7] in 2005 to describe 
adriamycin-challenged colorectal cancer cells (CT26) in mice, making 
them immunogenic. It inhibits the growth of  subsequently inoculat-
ed CT26 live cells with long-term immune function. Conceptually, it 
is different from the programmed death of  cancer cells such as au-
tophagy, apoptosis and pyroptosis. Immunogenic cell death refers to 
a form of  cell death in which non-immunogenic cells can transform 
immunogenic cells and release damage-related molecular pattern 
DAMPs when the body undergoes apoptosis, and finally stimulates 
tumor immune effects in the body [8]. ICD can function as a tumor 
vaccine, killing not only cells induced by ICD inducers but also dy-
ing tumor cells, thereby eliciting tumor-specific immune responses 
against live tumor cells and residual tumor tissue. In this way, patients 
can experience long-term clinical benefit from cytotoxic chemother-
apy and physical induction of  therapeutic responses [9]. During ICD, 
dying tumor cells exhibit high surface expression of  damage-asso-
ciated molecular patterns (DAMPs), including CRT, HSP, ATP, 
HMGB1 signaling molecule, IFN-1 and so on [10-12]. DAMPs at-
tract natural killer cells, macrophages, dendritic cells and other innate 
immune cells through various pattern recognition receptors, and pro-
mote their maturation and activation. This completes multiple steps 
including clearance of  dead cells, optimal antigen uptake, processing 
and presentation, and cytokine production, ultimately killing tumor 
cells within days [5]. Furthermore, mature dendritic cells trigger 
crossover of  CD8+ cells with cytotoxic T lymphocytes (CTLs) in 
an IL-1β- and IL-17-dependent manner. Then CTLs trigger a direct 
cytotoxic response to kill tumor cells by producing IFN-γ, perforin-1 
and granzyme B, while producing memory effects [5].

4. Calreticulin (CRT)
The central event in ICD is that endoplasmic reticulum (ER) stress 
leads to the translocation of  CRT, a 46-kDa, Ca2+-binding endoplas-
mic reticulum chaperone, to the surface of  the plasma membrane. 
ER stress is characterized by the phosphorylation of  eukaryotic ini-
tiation factor 2α (eIF-α) by PKR-like ER kinase (PERK) in response 
to unfolded proteins [13]. Before ER stress-related apoptosis, ICD 
transfers CRT from the perinuclear endoplasmic reticulum (ER) to 
the cell periphery, mediated by exocytosis and the protein complex 
SNAP receptor (SNARE), and then relocalizes ERp57 [14-15]. When 
the CRT/ERp57 complex is exposed on the cell surface, it provides 
an “eat me” signal to stimulate the maturation of  antigen-presenting 
cells (APCs) and bind to surface receptors for phagocytosis [16]. Sur-
face-exposed CRT binds to low-density lipoprotein receptor-related 
protein-1 (LRP1, best known as CD91). LRP1 is a major chaper-
one-sensing pattern recognition receptor (PRR) expressed by anti-
gen-presenting cells including DCs and macrophages [17]. Binding 
of  CRT to CD91 triggers a series of  events such as promotion of  
recruitment of  antigen-presenting cells (eg DCs), optimal antigen 
presentation, release of  pro-inflammatory cytokines (eg TNF-α and 

IL-6) and activation of  type 17 helper T cells (Th17) [18]. In addition, 
CRT exposure to the surface of  cancer cells killed by ICD also in-
duces tumor antigen presentation and tumor-specific CTL responses 
[19], enhancing specific antitumor effects. Kim et al [20] confirmed 
that increasing the expression of  CRT in colon cancer tumor cells 
can enhance the ability of  DCs to recognize and present tumor cells 
and increase the number of  tumor-specific CTLs. Conversely, Tatsu-
no et al. [21] found that knockdown of  CTLs by RNA interference 
(RNAi), deletion by CRISPR/Cas9 or blocking CTLs by neutralizing 
antibodies reduced the efficacy of  ICD-mediated antitumor immune 
responses. CRT-unexposed colon cancer cells could escape the rec-
ognition and phagocytosis of  Dc after cetuximab treatment [22].

5. High Mobility Group Protein B1 (HMGB1)
HMGB1 is a non-histone chromatin-binding protein whose release 
from dying cells triggers a strong inflammatory response. At the end 
of  apoptosis, when cells are damaged and destroyed, HMGB1 is re-
leased from the nucleus and gradually accumulates outside the cell, 
which can be detected by enzyme-linked immunosorbent assay (ELI-
SA) [23]. Extracellular HMGB1 can bind to multiple PRRs expressed 
by bone marrow-derived cells, such as receptor specific for advanced 
glycation end products (AGER, best known as RAGE) and Toll-like 
receptor 4 (TLR4) [24], to activate MAPK as well as NF-κB in DCs. 
It has been reported that the binding of  HMGB1 to TLR4 after 
release from dying cells can activate DCs and promote antigen pres-
entation by DCs to T cells. Furthermore, recognition of  HMGB1 by 
TLR4 subsequently triggers MyD88 (primary myeloid differentiation 
response gene), an adaptor for TLR4. The TLR4/MyD88 pathway 
enhances tumor antigen processing by inhibiting fusion between 
phagosomes and lysosomes, thereby accelerating the phagocytosis of  
antigen components by DCs and promoting the processing of  pha-
gosomes in DC [7, 25]. Nayagom et al. [26] found that knocking out 
HMGB1 in tumor cells or neutralizing HMGB1 antibodies would 
limit the immunogenic-related responses driven by anthracyclines, 
cyclophosphamide, and oxaliplatin in the body to produce specific 
anti-tumor effects. It is not difficult to see that HMGB1-mediated 
activation of  TLR4 is a key component of  ICD-induced immuno-
genicity. NIR-PIT-induced injury results in an influx of  extracellular 
fluid into cells, resulting in marked rapid cell swelling. After NIR-
PIT treatment of  tumor cells, rapid secretion of  HMGB1 could be 
detected. In addition, NIR-PIT-induced ICD could promote the 
maturation of  immature dendritic cells, which contributed to the 
realization of  durable anti-tumor immunity [27]. In vitro NIR-PIT 
caused mouse colorectal tumor cell death in a laser intensity dose-de-
pendent manner. In an orthotopic colon cancer model, control mice 
developed persistent tumor growth, whereas mice that continued to 
receive NIR-PIT treatment exhibited persistent tumor growth inhi-
bition [28].

6. Adenine Triphosphate (ATP)
Another hallmark of  ICD is the secretion of  ATP by dying tumor 
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cells during the blebbing phase of  apoptosis. Autophagy is required 
for the secretion of  ATP by dying tumor cells, and is considered to 
be a pre-mortem stress-adaptive mechanism that degrades cytoplas-
mic proteins, aggregates, and damaged organelles through catabolic 
processes. During its degradation, the autophagy-lysosome-lysosome 
complex and fusion of  the lysosome and plasma membrane [29] fi-
nally allow ATP to actively exocytose ATP-containing vesicles into 
the extracellular space through ubiquitin channels [30-31]. Binding 
of  extracellular ATP to the purinergic receptor P2Y2 (P2RY2, a me-
tabotropic receptor) acts as a prominent “find-me” signal for DC 
precursors and macrophages [32], thereby promoting DC maturation 
and macrophage expansion [33]. In addition, extracellular ATP medi-
ates pro-inflammatory effects after activating the CASP1-dependent 
NLRP3 inflammasome, which secretes mature interleukin 1β (IL1B, 
most notably IL-1β) and IL-18 [34]. These actions originate from 
the purinergic receptor P2X7 (P2RX7, an inotropic receptor), which 
ultimately activates CD8+ T cells and IL-17-producing γδ T cells 
[35]. Through this pathway, important cytokines are provided in the 
context of  antigen presentation, which is also required for antigen 
presentation. Adaptive immune responses against cancer cells medi-
ated by the polarization of  interferon-γ (IFNγ)-producing CD8+ T 
cells [36]. The immunogenicity of  cell death is abolished when ATP 
fails to accumulate in the microenvironment of  dying tumor cells or 
when P2RX7 or P2RY2 are absent in the host’s myeloid compart-
ment [35]. Increased ATP hydrolysis by extranucleotidase enzymes 
such as CD39 and CD73 in the tumor microenvironment (TME) 
reduces tumor-infiltrating lymphocytes and weaker tumor response 
to chemotherapy [37]. Core-shell gold nanocages coated with man-
ganese dioxide and hyaluronic acid (AMH) for targeted delivery to 
colorectal tumors for acute oxygenation-enhanced in situ immu-
nogenic phototherapy. AMH nanoparticles can generate abundant 
oxygen in weakly acidic/H2O2 media, which can further enhance 
the oxygen-enhanced photodynamic therapy efficacy of  AMH itself. 
Meanwhile, AMH-based oxygen-enhanced photodynamic therapy 
successfully enhanced ICD by inducing cellular ATP secretion. In-
duced ICD promotes dendritic cell maturation to further enhance 
systemic antitumor immunity against advanced tumors, while ade-
quate oxygen production alleviates immunosuppression in the TME, 
further promoting CD8+ T cell infiltration into colorectal tum-
ors[38,39]. CT26 cells were silenced by miRNA technology or neu-
tralized by HMGB1 antibody, and then treated with anthracyclines, 
resulting in the loss of  immunogenicity of  tumor cells and inhibi-
tion of  lymphocyte-specific anti-tumor effects. It is suggested that 
HMGB1 plays an important role in DC-mediated T cell activation 
and immunity [40].

7. Heat Shock Protein (HSP)
HSP is a highly conserved molecular chaperone, and as one of  the 
characteristics of  ICD, the expression of  HSP70 and HSP90 on the 
membrane of  dying tumor cells has immunostimulatory properties. 
HSP70 and HSP90 activate CTL cells and Th cells by driving the 

cross-presentation of  tumor-derived antigenic peptides on major 
histocompatibility complex (MHC) class I, leading to specific CD8+ 
T cell responses [41, 42]. Compared with free antigenic peptides, 
HSP has stronger binding ability to MHC1 molecules. The com-
bination of  HSP-peptide complexes with CD14, TLR2 and TLR4 
on DCs can up-regulate the expression of  CD86 and CD40 in the 
body, which not only promotes the maturation of  DCs [42,43], but 
also enhances their functions. It has been reported that HSP70 can 
promote DCs to secrete a variety of  pro-inflammatory factors, such 
as IL-1B, IL-6, IL-8, etc., and further enhance the body’s immune 
response [38]. The increased number of  HSPs on the surface of  
colorectal tumor cells enhances the immunogenicity of  tumor cells 
and promotes antitumor immune responses. In a study on HT-29 co-
lon cell adenocarcinoma, the MTT assay found that when hypericin 
was combined with PDT therapy, the number of  apoptotic HT-29 
or HCT-116 colorectal cancer cells was significantly increased [44]. 
Hypericin combined with photodynamic therapy has been shown to 
induce phox-ER stress, leading to early induction of  ecto-CRT ex-
pression, active secretion of  ATP, and passive release of  heat shock 
proteins (HSPs), such as HSP70 and HSP90. At the late stage of  
apoptosis, tumor development was effectively prevented by inducing 
ICD in naive mice [45].

8. Type I Interferon (IFN-1)
ICD is accompanied by a strong IFN-1(α and β) response, and al-
most all cells can activate nucleic acid sensors after being infected by 
viruses or bacteria [46]. Nucleic acid sensors include RNA sensors, 
such as TLR3, TLR7, TLR9, RIG1/MDA5 MAVs (retinoic acid-in-
ducible gene 1 protein/melanoma differentiation-related protein 5 
mitochondrial antiviral signaling protein) [47], and DNA-containing 
sensors, a common one being cGAS-STING (cyclic GMP-AMP syn-
thase-interferon gene stimulator) [48], which secretes IFN1. IFN-1 
mediates significant immunostimulatory effects upon binding to ho-
modimeric or heterodimeric receptors expressed by various immune 
cells [49, 50]. IFN-1 is known to enhance the cytotoxic function of  
CD8+ T cells and NK cells [51] and promote cross-priming of  DCs 
[52]. Binding of  IFN-1 (alpha and beta) to the IFNAR1-IFNAR2 
heterodimer activates JAK/STAT signaling to establish an antiviral 
state that inhibits virus production, activates antigen presentation, 
and innate immunity to kill and clear infected cells , and ultimately 
improves adaptive immunity to future infections [53, 54]. In addi-
tion, IFN-1 responses regulate the highly cell-type-specific expres-
sion of  numerous interferon-stimulated genes (ISGs). The IFN-1 
response controls the production and function of  many chemok-
ines, cytokines and immune cells through crosstalk with the TNF-α/
NF-κB and IL-18/IL-1β pathways. For example, IFN-1 can trigger 
macrophages to secrete pro-inflammatory mediators [55]; inhibit the 
immunosuppressive function of  CD4+, CD25+, FOXP3+ regula-
tory T cells [56].The immunogenicity of  ICDs driven by anthracy-
clines and radiation therapy is strongly dependent on IFN-1 sign-
aling. When key components of  the IF-1 response (such as Ifnar1, 
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Ifnar2, Tlr3, Cgas, or Sting1) are absent, or when IFNAR1-blocking 
antibodies are added to the treatment, anthracyclines and radiation 
therapy are significantly less effective in tumor-bearing mice [ 57, 58]. 
Thus, the dependence of  type I IFN responses on the control of  
infection and tumor growth by host and immune cells is well estab-
lished [59]. Yang et al. [60]demonstrated the role of  IFN-α in regu-
lating the EGF pathway in CRC, and treatment with IFN-α increased 
the expression of  EGFR on the cell surface and endocytic vesicles, 
which significantly inhibited the growth of  colorectal tumor cells . 
While IFN-α is involved in regulating angiogenesis in CRC, system-
ic administration of  IFN-α inhibits colorectal cancer liver metasta-
ses and inhibits tumor growth, angiogenesis, and bFGF and MMP9 
expression[60]. Recently, it has been reported that the combination 
therapy of  IFN-α with methyltransferase and histone deacetylase in-
hibitors may have very promising therapeutic potential in colorectal 
cancer. IFN-α induces antiproliferative and proapoptotic effects on 
metastatic colorectal CSCs (CR-CSCs) [61]. This combined regimen 
was also able to induce the release of  HMGB1 from CR-CSCs, there-
by inducing ICD [62]. IFN-β can make CRC cells more sensitive to 
5-FU treatment and has a potent effect on reducing tumor mass, 
suggesting a new strategy to selectively target CRC [63]. In addition 
to this, studies have shown that pegylated IFN-β has antitumor ac-
tivity in colon xenograft models. And the combined use of  pegylated 
IFN-β and bevacizumab was associated with greater tumor growth 
inhibition than pegylated IFN-β alone [64].

9. Conclusion
Further clarification of  the molecular expression mechanism of  
colorectal cancer ICD will help to develop new drugs and provide 
more theoretical basis for new combination regimens. To explore 
the correlation of  ICD-related molecules CRT, ATP, HSP, HMGB1 
and IFN-1 with the immune function of  the body, and to analyze 
the changes in tissues can predict the prognosis and survival rate of  
patients [65]. The dynamic changes of  immune function and DAMPs 
in the microenvironment can improve the immune recognition abil-
ity in the tumor microenvironment. The changes of  chemother-
apy-related DAMPs and their use as immunotherapy synergists are 
very important to enhance the therapeutic effect and prolong the 
survival time of  tumor patients. More and more studies have proved 
that drugs and physical methods induce ICD and trigger the body’s 
anti-tumor immunity is an effective way to treat colorectal tumors, 
but more relevant clinical experiments need to be further improved. 
In future colorectal cancer treatment research, activation of  ICD oc-
currence may serve as a new strategy to bring more opportunities for 
colorectal cancer patients to cure.

References

1. Bray F, Ferlay J, Soerjomataram I, et al. Global cancer statistics 2018: 
GLOBOCAN estimates of  incidence and mortality worldwide for 36 
cancers in 185 countries. CA Cancer J Clin. 2018; 68(6): 394-424. 

2. Colorectal Cancer Committee of  Chinese Medical Doctor Association 
(2020) Chinese experts consensus on multidisciplinary treatment of  
brain metastases from colorectal cancer (2020 version). Chinese Journal 
of  Colorectal Diseases(Electronic Edition) 009(002):109-114.

3. Miller K D , Nogueira L , Mariotto A B , et al. Cancer treatment and 
survivorship statistics, 2019. CA Cancer J. Clin. 2019; 69: 363–385.

4. Finn OJ. Immuno-oncology: understanding the function and dys-
function of  the immune system in cancer. Ann Oncol. 2012; 23 Suppl 
8(Suppl 8):viii6-9. 

5. Galluzzi L, Buqué A, Kepp O, et al. Immunogenic cell death in cancer 
and infectious disease. Nat Rev Immunol. 2017;17(2):97-111.

6. Galluzzi L, Buqué A, Kepp O, et al. Immunological Effects of  Con-
ventional Chemotherapy and Targeted Anticancer Agents. Cancer Cell. 
2015;28(6):690-714. 

7. Casares N, Pequignot MO, Tesniere A, et al. Caspase-dependent im-
munogenicity of  doxorubicin-induced tumor cell death. J Exp Med. 
2005;202(12):1691-701. 

8. Green DR, Ferguson T, Zitvogel L, et al. Immunogenic and tolerogenic 
cell death. Nat Rev Immunol. 2009; 9(5): 353-63. 

9. Zitvogel L ,  Kepp O ,  Kroemer G . Immune parameters affecting 
the efficacy of  chemotherapeutic regimens. Nat Rev Clin Oncol. 2011; 
8(3): 151-60.

10. Apetoh L, Ghiringhelli F, Tesniere A, et al. Toll-like receptor 4-depen-
dent contribution of  the immune system to anticancer chemotherapy 
and radiotherapy. Nat Med. 2007; 13(9): 1050-9. 

11. Tesniere A, Schlemmer F, Boige V, et al. Immunogenic death of  colon 
cancer cells treated with oxaliplatin. Oncogene. 2010; 29(4): 482-91. 

12. Obeid M, Tesniere A, Ghiringhelli F, et al. Calreticulin exposure dic-
tates the immunogenicity of  cancer cell death. Nat Med. 2007; 13(1): 
54-61. 

13. Kepp O, Semeraro M, Bravo-San Pedro JM, et al. eIF2α phosphory-
lation as a biomarker of  immunogenic cell death. Semin Cancer Biol. 
2015; 33: 86-92. 

14. Menger L, Vacchelli E, Adjemian S, et al. Cardiac glycosides exert an-
ticancer effects by inducing immunogenic cell death. Sci Transl Med. 
2012; 4(143): 143ra99. 

15. Yamamura Y, Tsuchikawa T, Miyauchi K et al. The key role of  calretic-
ulin in immunomodulation induced by chemotherapeutic agents. Int J 
Clin Oncol. 2015; 20(2): 386–394.

16. Obeid M, Panaretakis T, Tesniere A, et al. Leveraging the immune sys-
tem during chemotherapy: moving calreticulin to the cell surface con-
verts apoptotic death from “silent” to immunogenic. Cancer Res. 2007; 
67(17): 7941-4. 

17. Gardai SJ, McPhillips KA, Frasch SC, et al. Cell-surface calreticulin ini-
tiates clearance of  viable or apoptotic cells through trans-activation of  
LRP on the phagocyte. Cell. 2005; 123(2): 321-34.



             5

2022, V9(7): 1-5

18. Pawaria S, Binder RJ. CD91-dependent programming of  T-helper cell 
responses following heat shock protein immunization. Nat Commun. 
2011; 2: 521.

19. Obeid M, Tesniere A, Ghiringhelli F, et al. Calreticulin exposure dic-
tates the immunogenicity of  cancer cell death. Nat Med. 2007; 13(1): 
54-61.

20. Kim SG, Park MY, Kim CH, et al. Modification of  CEA with both 
CRT and TAT PTD induces potent anti—tumor immune responsesin 
RNA—pulsed DC vaccination．Vaccine. 2008; 26(50): 6433-6440.

21. Tatsuno K, Yamazaki T, Hanlon D, et al. Extracorporeal photochem-
otherapy induces bona fide immunogenic cell death. Cell Death Dis. 
2019; 10(8): 578.

22. Pozzi C, Cuomo A, Spadoni I, et al. The EGFR-specific antibody 
cetuximab combined with chemotherapy triggers immunogenic cell 
death. Nat Med. 2016; 22(6): 624-31. 

23. Xie Y ,  Yu N ,  Chen Y , et al. HMGB1 regulates P-glycoprotein ex-
pression in status epilepticus rat brains via the RAGE/NF-κB signaling 
pathway. Mol Med Rep. 2017; 16(2): 1691-1700. 

24. Smith M, García-Martínez E, Pitter MR, et al. Trial Watch: Toll-like 
receptor agonists in cancer immunotherapy. Oncoimmunology. 2018; 
7(12): e1526250

25. Kim MK, Breitbach CJ, Moon A, et al. Oncolytic and immunother-
apeutic vaccinia induces antibody-mediated complement-dependent 
cancer cell lysis in humans. Sci Transl Med. 2013;5(185):185ra63. 

26. Nayagom B, Amara I, Habiballah M, et al. Immunogenic cell death in 
a combined synergic gene- and immune-therapy against cancer. Onco-
immunology. 2019; 8(12): e1667743.  

27. Ogawa M, Tomita Y, Nakamura Y, et al. Immunogenic cancer cell death 
selectively induced by near infrared photoimmunotherapy initiates host 
tumor immunity. Oncotarget, 2017; 8(6): 10425-10436.

28. Hollandsworth HM, Amirfakhri S, Filemoni F, et al. Near-infrared pho-
toimmunotherapy is effective treatment for colorectal cancer in orthot-
opic nude-mouse models. PLoS ONE. 2020; 15(6): e0234643.

29. Michaud M ,  Xie X ,  Pedro B S , et al. An autophagy-dependent anti-
cancer immune response determines the efficacy of  melanoma chemo-
therapy. Oncoimmunology. 2014; 3(7).

30. Anderson CM, Macleod KF. Autophagy and cancer cell metabolism. 
Int Rev Cell Mol Biol. 2019; 347: 145-190.

31. Follo C, Cheng Y, Richards WG, et al. Autophagy facilitates the release 
of  immunogenic signals following chemotherapy in 3D models of  me-
sothelioma. Mol Carcinog. 2019; 58(10): 1754-1769. 

32. Burnstock G. Physiology and pathophysiology of  purinergic neuro-
transmission. Physiol Rev. 2007; 87(2): 659-797.

33. Kronlage M, Song J, Sorokin L, et al. Autocrine purinergic receptor sig-
naling is essential for macrophage chemotaxis. Sci Signal. 2010; 3(132): 
ra55. 

34. Swanson KV, Deng M, Ting JP. The NLRP3 inflammasome: molecu-
lar activation and regulation to therapeutics. Nat Rev Immunol. 2019; 
19(8): 477-489.

35. Ghiringhelli F, Apetoh L, Tesniere A, et al. Activation of  the NLRP3 
inflammasome in dendritic cells induces IL-1beta-dependent adaptive 

immunity against tumors. Nat Med. 2009; 15(10): 1170-8. 

36. Garg AD, Krysko DV, Verfaillie T, et alP. A novel pathway combining 
calreticulin exposure and ATP secretion in immunogenic cancer cell 
death. EMBO J. 2012; 31(5): 1062-79. 

37. Sun X, Wu Y, Gao W, et al. CD39/ENTPD1 expression by CD4+-
Foxp3+ regulatory T cells promotes hepatic metastatic tumor growth 
in mice. Gastroenterology. 2010; 139(3): 1030-40.

38. He H, Liu L, Liang R, et al. Tumor-targeted nanoplatform for in situ 
oxygenation-boosted immunogenic phototherapy of  colorectal cancer. 
Acta Biomater. 2020; 104: 188-197. 

39. Hatfield SM, Kjaergaard J, Lukashev D, et al. Immunological mecha-
nisms of  the antitumor effects of  supplemental oxygenation. Sci Transl 
Med. 2015; 7(277): 277ra30.

40. Apetoh L, Ghiringhelli F, Tesniere A, et al. Toll-like receptor 4-depen-
dent contribution of  the immune system to anticancer chemotherapy 
and radiotherapy. Nat Med. 2007; 13(9): 1050-9. 

41. Garg AD, Krysko DV, Vandenabeele P, et al. Author Correction: Hy-
pericin-based photodynamic therapy induces surface exposure of  dam-
age-associated molecular patterns like HSP70 and calreticulin. Cancer 
Immunol Immunother. 2018; 67(7): 1179-1180.

42. Santos TG, Martins VR, Hajj GNM. Unconventional Secretion of  
Heat Shock Proteins in Cancer. Int J Mol Sci. 2017; 18(5): 946. 

43. Dodd K, Nance S, Quezada M, et al. Tumor-derived inducible heat-
shock protein 70 (HSP70) is an essential component of  anti-tumor im-
munity. Oncogene. 2015;34(10):1312-22. 

44. Šemeláková M, Mikeš J, Jendželovský R, et al. The pro-apoptotic and 
anti-invasive effects of  hypericin-mediated photodynamic therapy are 
enhanced by hyperforin or aristoforin in HT-29 colon adenocarcinoma 
cells. J Photochem Photobiol B. 2012; 117: 115-25.

45. Garg AD, Vandenberk L, Koks C, et al. Dendritic cell vaccines based 
on immunogenic cell death elicit danger signals and T cell–driven re-
jection of  high-grade glioma[J]. Science Translational Medicine, 2016; 
8(328): 328ra27.

46. Matthys V, Mackow ER. Hantavirus regulation of  type I interferon re-
sponses. Adv Virol. 2012; 2012: 524024. 

47. Medler T, Patel JM,  Alice A, et al. Activating the Nucleic Acid-Sensing 
Machinery for Anticancer Immunity[J]. International Review of  Cell 
and Molecular Biology. 2019; 344: 173-214. 

48. Hopfner KP, Hornung V. Molecular mechanisms and cellular functions 
of  cGAS-STING signalling. Nat Rev Mol Cell Biol. 2020; 21(9): 501-
521.

49. Motwani M, Pesiridis S, Fitzgerald KA. DNA sensing by the cGAS-
STING pathway in health and disease. Nat Rev Genet. 2019; 20(11): 
657-674.

50. Kawasaki T, Kawai T. Discrimination Between Self  and Non-Self-Nu-
cleic Acids by the Innate Immune System. Int Rev Cell Mol Biol. 2019; 
344: 1-30.

51. Oh JH, Kim MJ, Choi SJ, et al. Sustained Type I Interferon Reinforces 
NK Cell-Mediated Cancer Immunosurveillance during Chronic Virus 
Infection. Cancer Immunol Res. 2019; 7(4): 584-599. 

52. Bek S, Stritzke F, Wintges A, et al. Targeting intrinsic RIG-I signaling 



             6

2022, V9(7): 1-6

turns melanoma cells into type I interferon-releasing cellular antitumor 
vaccines. Oncoimmunology. 2019; 8(4): e1570779.

53. Ivashkiv LB, Donlin LT. Regulation of  type I interferon responses. Na-
ture reviews Immunology 2014; 14(1): 36–49.

54. Mesev EV, LeDesma RA, Ploss A. Decoding type I and III interferon 
signalling during viral infection. Nat Microbiol. 2019; 4(6): 914–924. 

55. Müller E, Christopoulos PF, Halder S, et al. Toll-Like Receptor Ligands 
and Interferon-γ Synergize for Induction of  Antitumor M1 Macro-
phages. Front Immunol. 2017; 8: 1383. 

56. Gangaplara A, Martens C, Dahlstrom E, et al. Type I interferon sig-
naling attenuates regulatory T cell function in viral infection and in the 
tumor microenvironment. PLoS Pathog. 2018; 14(4): e1006985. 

57. Deng L, Liang H, Xu M, et al. STING-Dependent Cytosolic DNA 
Sensing Promotes Radiation-Induced Type I Interferon-Dependent 
Antitumor Immunity in Immunogenic Tumors. Immunity. 2014; 41(5): 
843-52. 

58. Vanpouille-Box C, Alard A, Aryankalayil MJ, et al. DNA exonuclease 
Trex1 regulates radiotherapy-induced tumour immunogenicity. Nat 
Commun. 2017; 8: 15618. 

59. Corrales L, McWhirter SM, Dubensky TW Jr, et al. The host STING 
pathway at the interface of  cancer and immunity. J Clin Invest. 2016; 
126(7): 2404-11.

60. Yang JL, Qu XJ, Russell PJ, et al. Regulation of  epidermal growth fac-
tor receptor in human colon cancer cell lines by interferon alpha. Gut. 
2004; 53(1): 123-9. 

61. Ozawa S, Shinohara H, Kanayama HO, et al. Suppression of  angiogen-
esis and therapy of  human colon cancer liver metastasis by systemic 
administration of  interferon-alpha. Neoplasia. 2001; 3(2): 154-64. 

62. Buoncervello M, Romagnoli G, Buccarelli M, et al. IFN-α potentiates 
the direct and immune-mediated antitumor effects of  epigenetic drugs 
on both metastatic and stem cells of  colorectal cancer. Oncotarget. 
2016; 7(18): 26361-73. 

63. Yi BR, Park MA, Lee HR, et al. Suppression of  the growth of  human 
colorectal cancer cells by therapeutic stem cells expressing cytosine de-
aminase and interferon-β via their tumor-tropic effect in cellular and 
xenograft mouse models. Mol Oncol. 2013; 7(3): 543-54. 

64. Todaro M, Gaggianesi M, Catalano V, et al. CD44v6 is a marker of  
constitutive and reprogrammed cancer stem cells driving colon cancer 
metastasis. Cell Stem Cell. 2014; 14(3): 342-56. 

65. Galluzzi L, Buqué A, Kepp O, et al. Immunological Effects of  Con-
ventional Chemotherapy and Targeted Anticancer Agents. Cancer Cell. 
2015; 28(6): 690-714.


