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Regulatory T cells (Treg), as members of CD4+ T cells, have garnered extensive
attention in the research of tumor progression. Treg cells have the function of
inhibiting the immune effector cells, preventing tissue damage, and suppressing
inflammation. Under the stimulation of the tumor inflammatory
microenvironment (IM), the reprogramming of Treg cells enhances their
suppression of immune responses, ultimately promoting tumor immune
escape or tumor progression. Reducing the number of Treg cells in the IM or
lowering the activity of Treg cells while preventing their reprogramming, can
help promote the body's anti-tumor immune responses. This review introduces a
reprogramming mechanism of Treg cells in the IM; and discusses the regulation
of Treg cells on tumor progression. The control of Treg cells and the response to
Treg inflammatory reprogramming in tumor immunotherapy are analyzed and
countermeasures are proposed. This work will provide a foundation for
downregulating the immunosuppressive role of Treg in the inflammatory
environment in future tumor immunotherapy.
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1 Introduction

With the successful implementation of immune checkpoint
inhibitors, such as those targeting cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4) and programmed death receptor 1
(PD-1), immunotherapy has become a pivotal cornerstone in the
realm of cancer treatment (1-3). The immune system consists of
various immune cells, among which T cells are the main cell types
exerting anti-tumor effects during the adaptive immune phase (4-6).
T cells are divided into CD4+ T cells (also known as helper T cells)
and CD8+ T cells, primarily located in lymph nodes and serving
patrol and surveillance functions. Once activated by antigen-
presenting cells, CD4+ T cells can quickly differentiate into
different subtypes, among which those with immunosuppressive
and pro-tumoral functions are referred to as regulatory T cells
(Treg) (7-9). CD4+ T cells can differentiate into various subtypes,
including Thl and Th2 cells, known for secreting interferon-y and
interleukin, respectively.CD4+ T cells that can secrete interleukin-17
are referred to as TH17. Activated immune cells and tumor cells share
similar metabolic pathways and can undergo a phenomenon termed
“metabolic reprogramming” (10-12). The tumor microenvironment
(TME) shows varying degrees and types of immune cell infiltration.
The high metabolism of tumor cells and the disordered vascular
system within the TME lead to nutrient exhaustion and hypoxic
conditions, setting up metabolic competition between tumor cells and
infiltrating immune cells (13-15). The activation process of immune
cells requires a substantial amount of energy and metabolic
intermediates to meet the needs of biosynthesis, thereby completing
proliferation, differentiation, and execution of effector functions (12,
16). The nutrient exhaustion caused by tumor cells and immune
cells competing for the same energy sources, along with the
inflammatory microenvironment in the TME promoting Treg cell
reprogramming, ultimately leads to immune escape and tumor
progression (17, 18).

Inflammation has long been a significant factor in the
occurrence and development of cancer. Hanus’s study (19)
suggests that cancer incidence is closely related to the levels of
inflammatory cytokines and the compositional structure of immune
cells. The relationship between cancer incidence and immune cell
composition is based on studies suggesting that the type and
abundance of immune cells within the tumor microenvironment
can influence various aspects of cancer development, including cell
proliferation, angiogenesis, and metastasis (20, 21).. In inflamed
tissues, immune cells and cytokines have a regulatory role in
preventing excessive tissue damage (22-24). When immune cell
function is abnormal, it may promote “inflammation-to-cancer
transformation.” Zhu’s study (25) elucidates potential interactions
among immune cells in the tumor microenvironment during cancer
development and progression, including changes in cell ratios,
crosstalk, and changes in the plasticity of immune cell
phenotypes. Among these immune cells, the reprogramming of
Tregs is an important regulatory factor in immune responses and

Frontiers in Immunology

10.3389/fimmu.2023.1268188

inflammatory diseases. Naive CD4+ T cells bind to the major
histocompatibility complex II (MHC II) expressed by innate
immune cells, regulating helper T cell (Th) differentiation via co-
stimulatory molecules and the release of inflammatory cytokines
(26-28). Typically, Tregs undergo reprogramming under the
induction of the inflammatory environment and suppress anti-
tumor immune responses (29, 30). This article will delve into the
reprogramming of Tregs in an inflammatory environment and their
role in tumor occurrence and development. Additionally, it will
analyze how to avoid the impact of Treg reprogramming under
inflammatory conditions in immunotherapy, based on
this mechanism.

2 Location and physiological
regulation of Treg cells

Tregs primarily comprise two groups: thymus-derived natural
Tregs (nTregs), which originate in the thymus during T cell
development, and peripherally induced Tregs (pTregs), which are
generated in peripheral tissues. Tregs suppress the function of
effector T cells via multiple pathways, including the production of
immunosuppressive cytokines, such as TGF-3 and IL-10. Through
interactions with effector T cells or antigen-presenting cells (APCs)
and other immune cells, they play a crucial role in establishing and
maintaining immune tolerance. nTregs typically appear in
peripheral blood and can mitigate graft-versus-host disease
(GVHD) and autoimmune diseases (31-33).

Immune cells Th17 and Treg both originate from naive CD4+ T
cells and can be induced to differentiate by TGF-f. However, they
express different gene transcription factors and have distinct effector
functions. Tregs and Th17 are generally considered to play opposing
roles in immune regulation, with key transcription factors being the
decisive elements in guiding the differentiation of CD4+ T cells into
Tregs and Th17 (34, 35). Mickael etal’s study (36) indicates that the
transcription factor Foxp3 is pivotal in Tregs exerting
immunosuppressive functions. It can inhibit the expression of Th17’s
transcription factors, retinoic acid receptor-related orphan receptor yt
(RORyt), and RORa, thus promoting Treg differentiation. As shown in
Figure 1, several pro-inflammatory factors, including IL-1, IL-2, and IL-
17, have been associated with promoting Thl, Th2 and Thl7
differentiation, under certain conditions, can influence Treg
reprogramming and affect the expression of FOXP3. Tregs residing
in tissues, such as tumor microenvironments, can exert intricate
regulatory effects that differ from their counterparts circulating in
peripheral blood. Tissue-resident Tregs are poised to modulate
localized immune responses, impacting tumor progression and
inflammation, whereas circulating Tregs may play broader systemic
roles. The tumor microenvironment exerts a multifaceted influence on
Treg reprogramming through a combination of cytokine signaling,
metabolic competition, exosome-mediated communication, hypoxia-
induced stabilization, and interactions with other immune cells.
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FIGURE 1

The process of Treg cell reprogramming and the influencing factors suffered.

Understanding these dynamic interactions provides a deeper insight
into how Tregs adapt to and modulate the TME, ultimately
contributing to tumor immune escape and progression. In the
differentiation process of Tregs and Thl7, the discovery of new
subgroups also provides important insights for disease exploration
(37-39). For instance, IL-17+FOXP3+ T cells produced in chronic
inflammatory environments can express FOXP3 and secrete IL-17
simultaneously. Multiple clinical studies have found that in
autoimmune diseases, allergies, tumors, and other diseases, the
reprogramming of Tregs under an inflammatory microenvironment
significantly impacts disease progression and prognosis (40-42).

3 Mechanism of Treg
reprogramming under
inflammatory microenvironment

FOXP3 is a Treg cell-specific transcription factor that plays a
critical regulatory role in the development and function of Tregs. The
immune regulatory function of Tregs mediated by FOXP3 is achieved
through the dynamic control of gene transcription by forming protein
complexes with several co-regulatory transcription proteins. In CD4+
T cells, the co-expression of FOXP3 and a series of its associated
proteins enables the cells to acquire a Treg phenotype (43-45).
However, the independent expression of any single protein does not
induce Treg-like gene expression, thereby demonstrating the
significance of the collaborative efforts of FOXP3 and its co-
regulatory molecules in cellular phenotype and function. FOXP3 can
also form different complexes with different transcription factors,
thereby affecting the specificity of Treg cell suppression function. In
the IM, FOXP3 in Treg cells can combine with T-bet, a key
transcription factor in Thl cells, due to external environmental
stimuli, specifically enhancing the immunosuppressive function of
Tregs, which in turn promotes tumor progression (46-48).

The balance between lysine acetylation and deacetylation of the
FOXP3 protein in Treg cells can dynamically regulate its
immunosuppressive function. Under IM, histone acetyltransferases
(HATs) TIP60 and p300 can bind and acetylate the FOXP3 protein.
The acetylation-modified FOXP3 not only stabilizes the FOXP3
protein but also enhances its transcriptional activity and function,
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positively regulating the immunosuppressive activity of Treg cells (49—
51). Consequently, Tregs acquire enhanced immunosuppressive
activity after reprogramming, promoting tumor immune evasion or
tumor progression (52, 53).

4 Regulation of tumor
development by Treg infiltration
into cancer tissues under
inflammatory microenvironment

A study by Parajuli (54) indicates that an increase in Tregs
facilitates immune evasion by the tumor. Introducing T cells
without Tregs significantly improves the body’s anti-tumor
immune response. Simultaneously, the proliferation or activation
of FOXP3+ Tregs under IM severely inhibits tumor immunity.
Clinically, the increase of Treg cells in tumor microenvironments
such as lung adenocarcinoma, pancreatic cancer, and lymphoma
correlates with inflammatory reprogramming and poor prognosis
(55, 56). Mechanistically, Treg cells not only have the ability to
suppress a broad range of anti-tumor immune responses, but also
promote angiogenesis in the tumor microenvironment.

A large body of literature indicates a correlation between Treg
accumulation in tumor tissues and poor prognosis, but some reports
associate Tregs with better prognosis in diseases such as hepatocellular
carcinoma and colon cancer (57). The functional heterogeneity of
tumor-infiltrating Tregs, the site of infiltration, and detection methods,
as well as factors such as levels of CD8+ cytotoxic T cells, tumor cell
immunogenicity, and inflammatory infiltration of the tumor
microenvironment, can explain these seemingly contradictory results.
Sakowska etal’s study (58) points out that a class of prostaglandin E2
(PGE2)-secreting pTregs can proliferate extensively under the
stimulation of tumor antigens and secrete inhibitory cytokines to
suppress anti-tumor immune responses. At the same time, in tumors
with inflammatory infiltration, this type of iTreg can downregulate
inflammatory responses, thereby preventing tissue damage and tumor
development. In a study of patients with lung adenocarcinoma, it was
found that the number of Tregs infiltrating the para-cancerous tissues
was positively correlated with tumor development, while patients with
Tregs infiltrating the cancerous tissues had a better prognosis (59, 60).
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5 Addressing Treg proliferation and
inflammatory reprogramming in
tumor immunotherapy

Under IM, tumor-infiltrating Tregs and their inflammatory
reprogramming in the inflammatory milieu contribute to tumor
immune evasion, making Tregs an important target in tumor
immunotherapy. The currently employed methods are primarily
focused on eliminating Tregs; blocking chemokines or their
receptors to prevent the migration of Tregs towards the
inflammatory tumor microenvironment; abolishing the IM to
inhibit the induction of Tregs’ inflammatory reprogramming;
obstructing key surface markers of Tregs such as immune
checkpoints to reduce the suppressive function of Tregs (61-64).

5.1 Reducing the immunosuppressive
function of Tregs

As shown in Figure 1, Cytotoxic T-Lymphocyte Associated
Protein 4 (CTLA-4) is a marker expressed on the surface of
activated T cells that transmits inhibitory signals during immune
responses. CTLA-4 is constitutively expressed on the surface of
Tregs, and its expression is upregulated after TCR stimulation.
Some study has proven that CTLA-4 can reduce the
immunosuppressive activity of Tregs. The humanized anti-CTLA-
4 monoclonal antibody, Ipilimumab (Yervoy), is currently used to
treat advanced metastatic melanoma.Furthermore, it’s important to
note that CTLA-4, while expressed on Tregs, also has implications
for conventional T cells. CTLA-4 engagement suppresses the
activation and effector functions of conventional T cells, thereby
contributing to overall immune regulation (65, 66).

0X40, a costimulatory molecule of the TNF receptor family, is
transiently expressed on the surface of activated T cells and
constitutively expressed on the surface of Treg cells. Activating
the OX40 signaling pathway with anti-OX40 monoclonal
antibodies in an inflammatory microenvironment can reduce the
immunosuppressive activity of Tregs, thereby reducing their
immunosuppressive function (67, 68).

Programmed death receptor 1 (PD-1) negatively regulates the
activation status of T cells. PD-1 promotes the development of
Tregs and is mainly highly expressed on the surface of T cells that
cannot effectively participate in the anti-tumor immune response.
Although the main purpose of PD-1 ligand blockade is to reverse
the exhaustion state of T cells, PD-1 ligand blockade can also hinder
the development of Tregs and prevent Treg reprogramming under
inflammatory conditions. So far, the anti-PD-1 monoclonal
antibody Pembrolizumab has been used to treat lung cancer,
gastric cancer, and cervical cancer (69, 70).

GITR, a member of the TNF receptor family, is expressed at low
levels in CD4+FOXP3- T cells and constitutively at high levels in
Treg cells. When Tregs infiltrate tumors, the expression level of
GITR is even higher. GITR ligands can specifically reduce Tregs in
the tumor, increase the ratio of effector T cells to Tregs, and thereby
decrease the immunosuppressive function of Tregs in the
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inflammatory microenvironment, improving the effects of
immunotherapy (18, 71).

5.2 Treg depletion

Treg depletion therapy has shown vast potential. This treatment
strategy primarily targets the IL-2 receptor chain, and the anti-
CD25 monoclonal antibody can block the IL-2 signaling pathway
by binding to CD25, thereby causing Treg cell death. Recombinant
immunotoxins (RITs), such as scFv-psm-ETA, can also cause
massive Treg depletion, thus affecting Treg function. However,
using RITs to deplete Tregs has strong side effects, as this
treatment method affects CD4+CD25hi effector T cells, further
weakening the body’s anti-tumor immunity and increasing the
risk of the patient developing autoimmune diseases (72, 73).

In addition to depleting Tregs by targeting Treg-specific surface
markers, some chemotherapy drugs can also achieve Treg depletion
by reducing Treg proliferation. These drugs include
antimicrotubule agents, such as cyclophosphamide, docetaxel,
vincristine, and thalidomide analogs, as well as cyclooxygenase-2
(COX2) inhibitors. Cyclophosphamide can alkylate DNA, causing
DNA cross-linking and cell death. Reports have stated that Treg
cells are highly sensitive to cyclophosphamide-induced
apoptosis.Regarding T cell receptors (TCRs) of Tregs within
tumor tissues, an intriguing area of investigation emerges. Tregs
play a pivotal role in maintaining immune homeostasis and
preventing autoimmunity, and their presence in tumor
microenvironments raises questions about their TCR diversity
and specificity. TCRs on Tregs could potentially influence their
interactions with tumor antigens, other immune cells, and the
overall immunosuppressive milieu. Research into the TCR
profiles of Tregs within tumor tissues could shed light on their
potential dual role in dampening excessive immune responses while
also contributing to tumor immune evasion. Exploring the TCR
repertoire and antigen specificity of tumor-infiltrating Tregs may
uncover new avenues for immunotherapy strategies and further
enhance our understanding of the complex regulatory network in
the tumor microenvironment. A study by Jiang (74) has shown that
a single injection of cyclophosphamide can significantly reduce
tumor growth rate. Both docetaxel and vincristine can inhibit DNA
synthesis. A phase I clinical study showed that docetaxel can
increase CTL in colorectal cancer patients while simultaneously
reducing CD25+CD4+ T cells, thereby enhancing the body’s
antiviral response. On the other hand, vincristine can inhibit the
proliferation of IL-10 secreting Tregs ex vivo, while upregulating
antigen-specific CTL (75, 76). Thalidomide and its derivatives can
be used to treat multiple myeloma (77). Combinations of Treg-
depleting agents with immune checkpoint inhibitors or other
immunomodulatory therapies might create synergistic effects,
amplifying the anti-tumor immune response and potentially
reducing the doses of individual agents, thereby minimizing side
effects.In addition to the strategies for modulating Tregs, emerging
approaches like nanomedicine have shown promise in this realm
(78-80). Nanomedicine offers innovative tools for precise targeting
and modulation of immune cell populations, including Tregs,
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within the intricate tumor microenvironment. Leveraging these
advancements, future immunotherapy research could explore
novel ways to regulate Treg reprogramming and function, while
minimizing off-target effects and maximizing therapeutic impact.
As such, the integration of nanomedicine-based interventions to
selectively counteract Treg reprogramming could open new avenues
for enhancing the potency of cancer immunotherapy strategies. A
clinical trial for chronic leukemia showed that a thalidomide
derivative, lenalidomide, can significantly reduce the level of
Tregs in peripheral blood and increase the number of Th17 cells.
It is known that COX2 can affect tumor progression in many ways.
Research indicates that COX-2 inhibitors can reduce the proportion
and activity of Tregs in the IM, thereby achieving Treg depletion
and enhancing the effects of immunotherapy (81-84).

6 Existing issues and prospects

Although research on immunotherapy and Tregs has made
rapid progress in recent years, and the role and pathways of tumor-
infiltrating Tregs in the tumor progression under the inflammatory
microenvironment are continually being clarified, the current drugs
used for removing or inhibiting the function of Treg cells, or for
eliminating Tregs, generally have strong side effects or are less
effective. There is still a need to continuously search for or develop
new drugs that can suppress or eliminate Tregs, while having fewer
side effects and better efficacy.

7 Conclusion

In the inflammatory microenvironment (IM), the binding of
FOXP3 in Treg cells to T-bet leads to Treg reprogramming, which
specifically enhances the suppressive function of Tregs on immune
responses. In current cancer immunotherapy, Tregs have become
important targets. To prevent tumor progression and immune
evasion caused by Tregs, it is necessary to reduce the adverse
effects of Treg reprogramming under inflammatory conditions on
immunotherapy by reducing the immunosuppressive function of
Tregs and eliminating Tregs. However, current methods either have
strong adverse drug effects or are Less effective. Therefore, there is a
need to continually develop drugs that can better clear or suppress
Tregs with fewer side effects, thereby reducing the
immunosuppressive effect of Tregs during the process
of immunotherapy.

Author contributions

XW: Conceptualization, Data curation, Formal Analysis,
Funding acquisition, Investigation, Methodology, Project
administration, Resources, Software, Supervision, Validation,
Visualization, Writing - original draft, Writing - review &
editing. ZZ: Conceptualization, Data curation, Formal Analysis,

Frontiers in Immunology

10.3389/fimmu.2023.1268188

Funding acquisition, Investigation, Methodology, Project
administration, Resources, Software, Supervision, Validation,
Visualization, Writing - original draft, Writing - review &
editing. QC: Conceptualization, Data curation, Formal Analysis,
Funding acquisition, Investigation, Methodology, Project
administration, Resources, Software, Supervision, Validation,
Visualization, Writing — original draft, Writing - review &
editing. YC: Conceptualization, Data curation, Formal Analysis,
Funding acquisition, Investigation, Methodology, Project
administration, Resources, Software, Supervision, Validation,
Visualization, Writing - original draft, Writing - review &
editing. JG: Conceptualization, Data curation, Formal Analysis,
Funding acquisition, Investigation, Methodology, Project
administration, Resources, Software, Supervision, Validation,
Visualization, Writing - original draft, Writing - review &
editing. QZ: Conceptualization, Data curation, Formal Analysis,
Funding acquisition, Investigation, Methodology, Project
administration, Resources, Software, Supervision, Validation,
Visualization, Writing — original draft, Writing - review &
editing. YQ: Conceptualization, Data curation, Formal Analysis,
Funding acquisition, Investigation, Methodology, Project
administration, Resources, Software, Supervision, Validation,
Visualization, Writing - original draft, Writing - review &
editing. YL: Writing - review & editing, Conceptualization, Data
curation, Formal Analysis, Funding acquisition, Investigation,
Methodology, Project administration, Resources, Software,
Supervision, Validation, Visualization, Writing - original draft.
GC: Conceptualization, Data curation, Formal Analysis, Funding
acquisition, Investigation, Methodology, Project administration,
Resources, Software, Supervision, Validation, Visualization,
Writing - original draft, Writing - review & editing.

Funding

The authors declare financial support was received for the
research, authorship, and/or publication of this article. This work
was supported by National Natural Science Foundation of
China (N0.42267063).

Acknowledgments

We would like to acknowledge the National Natural Science
Foundation of China (No. 42267063) for supporting this research.
We also acknowledge the editors and reviewers for their helpful
suggestions on this paper

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1268188
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Wou et al.

Publisher's note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Naimi A, Mohammed RN, Raji A. Tumor immunotherapies by immune
checkpoint inhibitors (ICIs); the pros and cons. Cell Communication Signaling
(2022) 20(1):1-31. doi: 10.1186/s12964-022-00854-y

2. Ranal, OhJ, BaigJ. Nanocarriers for cancer nano-immunotherapy. Drug Delivery
Trans Res (2023) 13(7):1936-54. doi: 10.1007/s13346-022-01241-3

3. Katariya NN, Lizaola-Mayo BC, Chascsa DM. Immune checkpoint inhibitors as
therapy to Down-stage hepatocellular carcinoma prior to liver transplantation. Cancers
(2022) 14(9):2056. doi: 10.3390/cancers14092056

4. Tucci M, Passarelli A, Mannavola F. Immune system evasion as hallmark of
melanoma progression: the role of dendritic cells. Front Oncol (2019) 9:1148.
doi: 10.3389/fonc.2019.01148

5. Xia Y, Brown ZJ, Huang H. Metabolic reprogramming of immune cells: Shaping
the tumor microenvironment in hepatocellular carcinoma. Cancer Med (2021) 10
(18):6374-83. doi: 10.1002/cam4.4177

6. Xie Y, Xie F, Zhang L. Targeted anti-tumor immunotherapy using tumor
infiltrating cells. Advanced Sci (2021) 8(22):2101672. doi: 10.1002/advs.202101672

7. Chatzileontiadou DSM, Sloane H, Nguyen AT. The many faces of CD4+ T cells:
Immunological and structural characteristics. Int J Mol Sci (2020) 22(1):73.
doi: 10.3390/ijms22010073

8. Zheng B, Wang D, Qiu X. Trajectory and functional analysis of PD-1high CD4+
CD8+ T cells in hepatocellular carcinoma by single-cell cytometry and transcriptome
sequencing. Advanced Sci (2020) 7(13):2000224.

9. VrOman H, Balzaretti G, Belderbos RA. T cell receptor repertoire characteristics
both before and following immunotherapy correlate with clinical response in
mesothelioma. J immunotherapy Cancer (2020), 8(1). doi: 10.1136/jitc-2019-000251

10. Cerezo M, Rocchi S. Cancer cell metabolic reprogramming: A keystone for the
response to immunotherapy. Cell Death Dis (2020) 11(11):964. doi: 10.1038/s41419-
020-03175-5

11. Chen AN, Luo Y, Yang YH. Lactylation, a novel metabolic reprogramming code:
current status and prospects. Front Immunol (2021) 12:688910. doi: 10.3389/
fimmu.2021.688910

12. Zhu Z, Parikh P, Zhao H. Targeting immunometabolism of neoplasms by
interleukins: A promising immunotherapeutic strategy for cancer treatment. Cancer
Lett (2021) 518:94-101. doi: 10.1016/j.canlet.2021.06.013

13. Weinberg F, Ramnath N, Nagrath D. Reactive oxygen species in the tumor
microenvironment: an overview. Cancers (2019) 11(8):1191. doi: 10.3390/
cancers11081191

14. Jin X, Wu Y, Yin S, Chen X, Zhang Y. Association between the IL-10 and IL-6
polymorphisms and brucellosis susceptibility: a meta-analysis. BMC Med Genet (2020)
21:63. doi: 10.1186/s12881-020-01006-0

15. Chen H, Yao J, Bao R. Cross-talk of four types of RNA modification writers
defines tumor microenvironment and pharmacogenomic landscape in colorectal
cancer. Mol Cancer (2021) 20:1-21. doi: 10.1186/s12943-021-01322-w

16. Nanjireddy PM, Olejniczak SH, Buxbaum NP. Targeting of chimeric antigen
receptor T cell metabolism to improve therapeutic outcomes. Front Immunol (2023)
14:1121565. doi: 10.3389/fimmu.2023.1121565

17. Xiang H, Yang R, Tu J. Metabolic reprogramming of immune cells in pancreatic
cancer progression. Biomedicine Pharmacotherapy (2023) 157:113992. doi: 10.1016/
j.biopha.2022.113992

18. Zou Y, Ye F, Kong Y. The single-cell landscape of Intratumoral heterogeneity
and the immunosuppressive microenvironment in liver and brain metastases of breast
cancer. Advanced Sci (2023) 10(5):2203699. doi: 10.1002/advs.202203699

19. Hanus M, Parada-Venegas D, Landskron G. Immune system, microbiota, and
microbial metabolites: the unresolved triad in colorectal cancer microenvironment.
Front Immunol (2021) 12:612826. doi: 10.3389/fimmu.2021.612826

20. Tan Z, Xue H, Sun Y. The role of tumor inflammatory microenvironment in
lung cancer. Front Pharmacol (2021) 12:688625. doi: 10.3389/fphar.2021.688625

21. Wang J, Li D, Cang H. Crosstalk between cancer and immune cells: Role of
tumor-associated macrophages in the tumor microenvironment. Cancer Med (2019) 8
(10):4709-21. doi: 10.1002/cam4.2327

22. Cao Q, Zhang Q, Chen YQ. Risk factors for the development of hepatocellular
carcinoma in Chengdu: a prospective cohort study. Eur Rev Med Pharmacol Sci (2022)
26(24):4587-95.

Frontiers in Immunology

10.3389/fimmu.2023.1268188

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

23. Morris G, Gevezova M, Sarafian V. Redox regulation of the immune response.
Cell Mol Immunol (2022) 19(10):1079-101. doi: 10.1038/s41423-022-00902-0

24. Liu R, Nikolajczyk BS. Tissue immune cells fuel obesity-associated inflammation
in adipose tissue and beyond. Front Immunol (2019) 10:1587. doi: 10.3389/
fimmu.2019.01587

25. Zhu 'Y, Li X, Wang L. Metabolic reprogramming and crosstalk of cancer-related
fibroblasts and immune cells in the tumor microenvironment. Front Endocrinol (2022)
13:988295. doi: 10.3389/fendo.2022.988295

26. Zhang P. Integrating multiple machine learning methods to construct glutamine
metabolism-related signatures in lung adenocarcinoma. Front Endocrinol (2023)
14:1196372. doi: 10.3389/fendo.2023.1196372

27. Wei W, Mu S, Han Y. Gprl74 knockout alleviates DSS-induced colitis via
regulating the immune function of dendritic cells. Front Immunol (2022) 13:841254.
doi: 10.3389/fimmu.2022.841254

28. Liu Y, Chen S, Liu S. T-cell receptor signaling modulated by the co-receptors:
Potential targets for stroke treatment. Pharmacol Res (2023) 106797. doi: 10.1016/
j.phrs.2023.106797

29. Lian X, Yang K, Li R. Immunometabolic rewiring in tumorigenesis and anti-
tumor immunotherapy. Mol Cancer (2022) 21(1):1-17. doi: 10.1186/s12943-021-
01486-5

30. Zhao S, Wang L, Ding W. Crosstalk of disulfidptosis-related subtypes,
establishment of a prognostic signature and immune infiltration characteristics in
bladder cancer based on a machine learning survival framework. Front Endocrinol
(2023) 14:1180404. doi: 10.3389/fendo0.2023.1180404

31. Wang Q, Liu Y, Li Z. Establishment of a novel lysosomal signature for the
diagnosis of gastric cancer with in-vitro and in-situ validation. Front Immunol (2023)
14:1182277. doi: 10.3389/fimmu.2023.1182277

32. Jin X, Yin S, Zhang Y, Chen X. Association between TLR2 Arg677Trp
polymorphism and tuberculosis susceptibility: A meta-analysis. Microb Pathog
(2020) 144:104173. doi: 10.1016/j.micpath.2020.104173

33. Qiang C, Qi Z, Yi Q. Mechanisms of p2x7 receptor involvement in pain
regulation: a literature review. Acta Med Mediterr (2022) 38(2):1187-94.

34. Cao Q, Zhang Q, Li XC. Impact of sleep status on lung adenocarcinoma risk: a
prospective cohort study. Eur Rev Med Pharmacol Sci (2022) 26(20):4819-26.

35. Pawlak M, Ho AW, Kuchroo VK. Cytokines and transcription factors in the
differentiation of CD4+ T helper cell subsets and induction of tissue inflammation and
autoimmunity. Curr Opin Immunol (2020) 67:57-67. doi: 10.1016/j.c0i.2020.09.001

36. Mickael ME, Bhaumik S, Basu R. Retinoid-related orphan receptor RORYt in
CD4+ T-Cell-mediated intestinal homeostasis and inflammation. Am | Pathol (2020)
190(10):1984-99. doi: 10.1016/j.ajpath.2020.07.010

37. Zhang W, Liu X, Zhu Y. Transcriptional and posttranslational regulation of
Th17/Treg balance in health and disease. Eur J Immunol (2021) 51(9):2137-50.
doi: 10.1002/€ji.202048794

38. Chen L, Ruan G, Cheng Y. The role of Th17 cells in inflammatory bowel disease
and the research progress. Front Immunol (2023) 13:1055914. doi: 10.3389/
fimmu.2022.1055914

39. QinY, Gao C, Luo J. Metabolism characteristics of Th17 and regulatory T cells in
autoimmune diseases. Front Immunol (2022) 13:828191. doi: 10.3389/
fimmu.2022.828191

40. Chen X, Yan Y, Li P, Yang Z, Qin L, Mo W. Association of GSTP1 -313A/G
polymorphisms and endometriosis risk: a meta-analysis of case-control studies. Eur |
Obstet Gynecol Reprod Biol (2013) 171:362-7. doi: 10.1016/j.¢jogrb.2013.10.005

41. Xie J, Zheng S, Zou Y. Turning up a new pattern: Identification of cancer-
associated fibroblast-related clusters in TNBC. Front Immunol (2022) 13:1022147.
doi: 10.3389/fimmu.2022.1022147

42. Kurniawan H, Soriano-Baguet L, Brenner D. Regulatory T cell metabolism at the
intersection between autoimmune diseases and cancer. Eur J Immunol (2020) 50
(11):1626-42. doi: 10.1002/¢ji.201948470

43. Dolsten GA, Pritykin Y. Genomic analysis of Foxp3 function in regulatory T
cells. J Immunol (2023) 210(7):880-7. doi: 10.4049/jimmunol.2200864

44. Xie ], Luo X, Deng X. Advances in artificial intelligence to predict cancer
immunotherapy efficacy. Front Immunol (2023) 13:1076883. doi: 10.3389/
fimmu.2022.1076883

frontiersin.org


https://doi.org/10.1186/s12964-022-00854-y
https://doi.org/10.1007/s13346-022-01241-3
https://doi.org/10.3390/cancers14092056
https://doi.org/10.3389/fonc.2019.01148
https://doi.org/10.1002/cam4.4177
https://doi.org/10.1002/advs.202101672
https://doi.org/10.3390/ijms22010073
https://doi.org/10.1136/jitc-2019-000251
https://doi.org/10.1038/s41419-020-03175-5
https://doi.org/10.1038/s41419-020-03175-5
https://doi.org/10.3389/fimmu.2021.688910
https://doi.org/10.3389/fimmu.2021.688910
https://doi.org/10.1016/j.canlet.2021.06.013
https://doi.org/10.3390/cancers11081191
https://doi.org/10.3390/cancers11081191
https://doi.org/10.1186/s12881-020-01006-0
https://doi.org/10.1186/s12943-021-01322-w
https://doi.org/10.3389/fimmu.2023.1121565
https://doi.org/10.1016/j.biopha.2022.113992
https://doi.org/10.1016/j.biopha.2022.113992
https://doi.org/10.1002/advs.202203699
https://doi.org/10.3389/fimmu.2021.612826
https://doi.org/10.3389/fphar.2021.688625
https://doi.org/10.1002/cam4.2327
https://doi.org/10.1038/s41423-022-00902-0
https://doi.org/10.3389/fimmu.2019.01587
https://doi.org/10.3389/fimmu.2019.01587
https://doi.org/10.3389/fendo.2022.988295
https://doi.org/10.3389/fendo.2023.1196372
https://doi.org/10.3389/fimmu.2022.841254
https://doi.org/10.1016/j.phrs.2023.106797
https://doi.org/10.1016/j.phrs.2023.106797
https://doi.org/10.1186/s12943-021-01486-5
https://doi.org/10.1186/s12943-021-01486-5
https://doi.org/10.3389/fendo.2023.1180404
https://doi.org/10.3389/fimmu.2023.1182277
https://doi.org/10.1016/j.micpath.2020.104173
https://doi.org/10.1016/j.coi.2020.09.001
https://doi.org/10.1016/j.ajpath.2020.07.010
https://doi.org/10.1002/eji.202048794
https://doi.org/10.3389/fimmu.2022.1055914
https://doi.org/10.3389/fimmu.2022.1055914
https://doi.org/10.3389/fimmu.2022.828191
https://doi.org/10.3389/fimmu.2022.828191
https://doi.org/10.1016/j.ejogrb.2013.10.005
https://doi.org/10.3389/fimmu.2022.1022147
https://doi.org/10.1002/eji.201948470
https://doi.org/10.4049/jimmunol.2200864
https://doi.org/10.3389/fimmu.2022.1076883
https://doi.org/10.3389/fimmu.2022.1076883
https://doi.org/10.3389/fimmu.2023.1268188
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Wu et al.

45. Chi H, Yang J, Peng G. Circadian rhythm-related genes index: A predictor for
HNSCC prognosis, immunotherapy efficacy, and chemosensitivity. Front Immunol
(2023) 14:1091218. doi: 10.3389/fimmu.2023.1091218

46. Chen X, Su X, Lin M, Fu B, Zhou C, Ling C, et al. Expression of miR-192-5p in
colon cancer serum and its relationship with clinicopathologic features. Am J Transl Res
(2021) 13:9371-6.

47. Lin N, Yin W, Miller H. The role of regulatory T cells and follicular T helper cells
in HBV infection. Front Immunol (2023) 14:1169601. doi: 10.3389/
fimmu.2023.1169601

48. Zou Y, Zheng S, Xie X. N6-methyladenosine regulated FGFR4 attenuates
ferroptotic cell death in recalcitrant HER2-positive breast cancer. Nat Commun
(2022) 13(1):2672. doi: 10.1038/s41467-022-30217-7

49. Hu M, He F, Thompson EW. Lysine acetylation, cancer hallmarks and emerging
onco-therapeutic opportunities. Cancers (2022) 14(2):346. doi: 10.3390/
cancers14020346

50. Mehrpouri M, Pourbagheri-Sigaroodi A, Bashash D. The contributory roles of
histone deacetylases (HDACs) in hematopoiesis regulation and possibilities for
pharmacologic interventions in hematologic Malignancies. Int Immunopharmacol
(2021) 100:108114. doi: 10.1016/j.intimp.2021.108114

51. Kaur J, Daoud A, Eblen ST. Targeting chromatin remodeling for cancer therapy.
Curr Mol Pharmacol (2019) 12(3):215-29. doi: 10.2174/1874467212666190215112915

52. Cao Q, Zhang Q, Zhou KX. Lung cancer screening study from a smoking
population in Kunming. Eur Rev Med Pharmacol Sci (2022) 26(19):6235-48.

53. Cagnoni AJ, Giribaldi ML, Blidner AG. Galectin-1 fosters an
immunosuppressive microenvironment in colorectal cancer by reprogramming CD8
+ regulatory T cells. Proc Natl Acad Sci (2021) 118(21):50118-25. doi: 10.1073/
pnas.2102950118

54. Parajuli G, Tekguc M, Wing JB. Arid5a promotes immune evasion by
augmenting tryptophan metabolism and chemokine expression. Cancer Immunol Res
(2021) 9(8):862-76. doi: 10.1158/2326-6066.CIR-21-0014

55. Alsalman A, Al-Mterin MA, Murshed K. Circulating and tumor-infiltrating
immune checkpoint-expressing CD8+ Treg/T cell subsets and their associations with
disease-free survival in colorectal cancer patients. Cancers (2022) 14(13):3194. doi:
10.3390/cancers14133194

56. Chen X, Wang Z, Yan Y, Li P, Yang Z, Qin L, et al. XRCC3 C18067T
polymorphism contributes a decreased risk to both basal cell carcinoma and
squamous cell carcinoma: evidence from a meta-analysis. PloS One (2014).
doi: 10.1371/journal.pone.0084195

57. Zhang CY, Liu S, Yang M. Regulatory T cells and their associated factors in
hepatocellular carcinoma development and therapy. World ] Gastroenterol (2022) 28
(27):3346. doi: 10.3748/wjg.v28.i27.3346

58. Sakowska J, Arcimowicz £, Jankowiak M. Autoimmunity and cancer—Two sides
of the same coin. Front Immunol (2022) 13:793234. doi: 10.3389/fimmu.2022.793234

59. Huang J, Zhang L, Chen J. The landscape of immune cells indicates prognosis
and applicability of checkpoint therapy in hepatocellular carcinoma. Front Oncol
(2021) 11:744951. doi: 10.3389/fonc.2021.744951

60. Song J, Deng Z, Su J. Patterns of immune infiltration in HNC and their clinical
implications: a gene expression-based study. Front Oncol (2019) 9:1285. doi: 10.3389/
fonc.2019.01285

61. Yuan K, Zhao S, Ye B. A novel T-cell exhaustion-related feature can accurately
predict the prognosis of OC patients. Front Pharmacol (2023) 14:1192777. doi: 10.3389/
fphar.2023.1192777

62. Wang Q. NCAPG2 could be an immunological and prognostic biomarker: From
pan-cancer analysis to pancreatic cancer validation Front Immunol (2023) 14:1097403
doi: 10.3389/fimmu.2023.1097403

63. Li Z. Lactate in the tumor microenvironment: A rising star for targeted tumor
therapy. Front Nutr (2023) 10:1113739. doi: 10.3389/fnut.2023.1113739

64. Zhao ], Li D, Xie S, Deng X, Wen X, Li J, et al. Nomogram for predicting
prognosis of patients with metastatic melanoma after immunotherapy: A Chinese

Frontiers in Immunology

07

10.3389/fimmu.2023.1268188

population-based analysis. Front Immunol (2022) 12:1083840(22). doi: 10.3389/
fimmu.2022.1083840

65. Lisi L, Lacal PM, Martire M. Clinical experience with CTLA-4 blockade for
cancer immunotherapy: From the monospecific monoclonal antibody ipilimumab to
probodies and bispecific molecules targeting the tumor microenvironment. Pharmacol
Res (2022) 175:105997. doi: 10.1016/j.phrs.2021.105997

66. Shiravand Y, Khodadadi F, Kashani SMA. Immune checkpoint inhibitors in
cancer therapy. Curr Oncol (2022) 29(5):3044-60. doi: 10.3390/curroncol29050247

67. Chi H, Zhao S, Yang J. T-cell exhaustion signatures characterize the immune
landscape and predict HCC prognosis via integrating single-cell RNA-seq and bulk
RNA-sequencing. Front Immunol (2023) 14:1137025. doi: 10.3389/
fimmu.2023.1137025

68. Yadav R, Redmond WL. Current clinical trial landscape of OX40 agonists. Curr
Oncol Rep (2022) 24(7):951-60. doi: 10.1007/s11912-022-01265-5

69. Wang Z, Wu X. Study and analysis of antitumor resistance mechanism of PD1/
PD-L1 immune checkpoint blocker. Cancer Med (2020) 9(21):8086-121. doi: 10.1002/
cam4.3410

70. Pang K, Shi ZD, Wei LY. Research progress of therapeutic effects and drug
resistance of immunotherapy based on PD-1/PD-L1 blockade. Drug Resistance Updates
(2022), 100907.

71. Zhulai G, Oleinik E. Targeting regulatory T cells in anti-PD-1/PD-L1 cancer
immunotherapy. Scandinavian ] Immunol (2022) 95(3):e13129. doi: 10.1111/sji.13129

72. Li Y, Tang D, Yin L. New insights for regulatory T cell in lupus nephritis.
Autoimmun Rev (2022) 21(8):103134. doi: 10.1016/j.autrev.2022.103134

73. Marfil-Garza BA, Pawlick RL, Szeto J. Tumor necrosis factor receptor
superfamily member 25 (TNFRSF25) agonists in islet transplantation: Endogenous
in vivo regulatory T cell expansion promotes prolonged allograft survival. Am J
Transplant (2022) 22(4):1101-14. doi: 10.1111/ajt.16940

74. Jiang W, Cai G, Hu P. Personalized medicine of non-gene-specific
chemotherapies for non-small cell lung cancer. Acta Pharm Sin B (2021) 11
(11):3406-16. doi: 10.1016/j.apsb.2021.02.003

75. Li Q, Han J, Yang Y. PD-1/PD-L1 checkpoint inhibitors in advanced
hepatocellular carcinoma immunotherapy. Front Immunol (2022) 13:1070961.
doi: 10.3389/fimmu.2022.1070961

76. Fiichsl F, Krackhardt AM. Paving the way to solid tumors: Challenges and
strategies for adoptively transferred transgenic T cells in the tumor microenvironment.
Cancers (2022) 14(17):4192.

77. Man S, Henley P. Chronic lymphocytic leukaemia: the role of T cells in a B cell
disease. Br J haematology (2019) 186(2):220-33. doi: 10.1111/bjh.15918

78. Yang Y, Wang Q, Zou H. Exosome-modified liposomes targeted delivery of
thalidomide to regulate treg cells for antitumor immunotherapy. Pharmaceutics (2023)
15(4):1074. doi: 10.3390/pharmaceutics15041074

79. Gong X, Chi H, Strohmer DF. Exosomes: A potential tool for immunotherapy of
ovarian cancer. Front Immunol (2023) 13:1089410. doi: 10.3389/fimmu.2022.1089410

80. Xiong ], Chi H, Yang G. Revolutionizing anti-tumor therapy: unleashing the
potential of B cell-derived exosomes. Front Immunol (2023) 14:1188760. doi: 10.3389/
fimmu.2023.1188760

81. Zhao Y, Wei K, Chi H. IL-7: A promising adjuvant ensuring effective T cell
responses and memory in combination with cancer vaccines? Front Immunol (2022)
13:1022808. doi: 10.3389/fimmu.2022.1022808

82. Peng G, Chi H, Gao X. Identification and validation of neurotrophic factor-
related genes signature in HNSCC to predict survival and immune landscapes. Front
Genet (2022) 13:1010044. doi: 10.3389/fgene.2022.1010044

83. Chi H, Peng G, Wang R. Cuprotosis programmed-cell-death-related IncRNA
signature predicts prognosis and immune landscape in PAAD patients. Cells (2022) 11
(21):3436. doi: 10.3390/cells11213436

84. JToannou N, Jain K, Ramsay AG. Immunomodulatory drugs for the treatment of
B cell Malignancies. Int ] Mol Sci (2021) 22(16):8572. doi: 10.3390/ijms22168572

frontiersin.org


https://doi.org/10.3389/fimmu.2023.1091218
https://doi.org/10.3389/fimmu.2023.1169601
https://doi.org/10.3389/fimmu.2023.1169601
https://doi.org/10.1038/s41467-022-30217-7
https://doi.org/10.3390/cancers14020346
https://doi.org/10.3390/cancers14020346
https://doi.org/10.1016/j.intimp.2021.108114
https://doi.org/10.2174/1874467212666190215112915
https://doi.org/10.1073/pnas.2102950118
https://doi.org/10.1073/pnas.2102950118
https://doi.org/10.1158/2326-6066.CIR-21-0014
https://doi.org/10.3390/cancers14133194
https://doi.org/10.1371/journal.pone.0084195
https://doi.org/10.3748/wjg.v28.i27.3346
https://doi.org/10.3389/fimmu.2022.793234
https://doi.org/10.3389/fonc.2021.744951
https://doi.org/10.3389/fonc.2019.01285
https://doi.org/10.3389/fonc.2019.01285
https://doi.org/10.3389/fphar.2023.1192777
https://doi.org/10.3389/fphar.2023.1192777
https://doi.org/10.3389/fimmu.2023.1097403
https://doi.org/10.3389/fnut.2023.1113739
https://doi.org/10.3389/fimmu.2022.1083840
https://doi.org/10.3389/fimmu.2022.1083840
https://doi.org/10.1016/j.phrs.2021.105997
https://doi.org/10.3390/curroncol29050247
https://doi.org/10.3389/fimmu.2023.1137025
https://doi.org/10.3389/fimmu.2023.1137025
https://doi.org/10.1007/s11912-022-01265-5
https://doi.org/10.1002/cam4.3410
https://doi.org/10.1002/cam4.3410
https://doi.org/10.1111/sji.13129
https://doi.org/10.1016/j.autrev.2022.103134
https://doi.org/10.1111/ajt.16940
https://doi.org/10.1016/j.apsb.2021.02.003
https://doi.org/10.3389/fimmu.2022.1070961
https://doi.org/10.1111/bjh.15918
https://doi.org/10.3390/pharmaceutics15041074
https://doi.org/10.3389/fimmu.2022.1089410
https://doi.org/10.3389/fimmu.2023.1188760
https://doi.org/10.3389/fimmu.2023.1188760
https://doi.org/10.3389/fimmu.2022.1022808
https://doi.org/10.3389/fgene.2022.1010044
https://doi.org/10.3390/cells11213436
https://doi.org/10.3390/ijms22168572
https://doi.org/10.3389/fimmu.2023.1268188
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Reprogramming of Treg cells in the inflammatory microenvironment during immunotherapy: a literature review
	1 Introduction
	2 Location and physiological regulation of Treg cells
	3 Mechanism of Treg reprogramming under inflammatory microenvironment
	4 Regulation of tumor development by Treg infiltration into cancer tissues under inflammatory microenvironment
	5 Addressing Treg proliferation and inflammatory reprogramming in tumor immunotherapy
	5.1 Reducing the immunosuppressive function of Tregs
	5.2 Treg depletion

	6 Existing issues and prospects
	7 Conclusion
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


