
Preserving the CTLA-4 checkpoint for safer and more effective 
cancer immunotherapy

Yang Liu, Pan Zheng
Division of Immunotherapy, Institute of Human Virology and Department of Surgery, University of 
Maryland Baltimore, Maryland 21201 and OncoImmune, Inc., Rockville, Maryland 20850

Abstract

A major paradigm in cancer immunotherapy is to use checkpoint inhibitors to break regulatory 

mechanisms that usually guard the host against autoimmune diseases. CTLA-4-targeting 

immunotherapy was the first example that help to establish this paradigm. However, the clinically 

tested anti-CTLA-4 antibodies exhibit suboptimal efficacy but high toxicity. Recent studies have 

demonstrated that immunotherapy-related adverse events (irAE) and the cancer 

immunotherapeutic effect (CITE) represent distinct and therapeutically separable activities of anti-

CTLA-4 antibodies. The former is attributable to inactivation of CTLA-4 checkpoint, while the 

latter is due to selective depletion of regulatory T cells (Treg) in tumor microenvironment. Here 

we argue that for safer and more effective CTLA-4-targeting immune therapy, one should preserve 

rather than inhibit the CTLA-4 checkpoint while enhancing the efficacy and selectivity of Treg-

depletion in tumor microenvironment.
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Immune tolerance checkpoints and cancer immunotherapy

The immune system defends the host against infections and malignancies. These mighty 

tasks are carried out by leukocytes that recognize pathogens and cancer cells through either 

pattern-recognition receptors (innate immunity) or clonally distributed antigen-receptors 

including B-cell surface immunoglobulin and T cell receptors (adaptive immunity). Ligand 

recognition by these receptors triggers complicated cascades of cellular and molecular 

interactions that not only numerically increases the number of leukocytes (expansion), but 

also qualitatively changed the properties of the cells (activation and differentiation). Given 
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the brutal force of immune response, multiple layers of regulatory mechanisms are necessary 

to ensure the immune response is normally controlled to avoid self-destruction.

The immune response is by no means foolproof: cancer occurs because the immune 

response does not eliminate all malignant cells, while autoimmune disease develops when 

the immune responses were misdirected against host cellular components even including 

DNA and caused tissue injuries. Cancer immunotherapy aims to activate the immune system 

to destroy cancer. One way to achieve this goal is to release negative regulatory mechanisms 

of immune response to boost cancer immunity. This approach, collectively developed by 

many laboratories, was called checkpoint blockade by Dr. James Allison and colleagues [1]. 

Programmed cell death protein 1 (PD-1) and cytotoxic T lymphocyte-associated protein 4 

(CTLA-4) are the two checkpoints that has been successfully targeted in clinics [2]. A recent 

essay has questioned whether it is appropriate to call anti-PD-1 and anti-PD-1 ligand 1 (PD-

L1) therapeutics as checkpoint inhibitors, as the authors believe these drugs correct what has 

gone awry in cancer rather than breaking a physiologically important immune tolerance 

mechanism [3]. In this perspective, we will discuss the challenges of CTLA-4 checkpoint 

blockade in cancer immunotherapy and propose a new paradigm for safer and more effective 

CTLA-4 targeting in cancer immunotherapy.

CTLA-4: a Treg-intrinsic immune checkpoint against fatal autoimmune 

diseases

Linsley and colleagues initially reported in 1991 that CTLA-4 is the high affinity receptor 

for B7/BB1, a cell surface protein now called CD80 [4]. It was subsequently revealed that 

B7-2 (CD86) protein was another CTLA-4 ligand [5] [6, 7]. CTLA-4 function was initially 

inferred by effect of anti-CTLA-4 antibodies. The ability to anti-CTLA-4 antibodies to 

stimulate T cell activation was also first reported by Linsley et al. who suggested CTLA-4 as 

an co-activator for T cells [4]. Subsequently, Bluestone and Allison groups [8, 9] showed 

that activation of T cells can be achieved with antigen-binding fragments (Fab, see 

Glossary) of anti-CTLA-4 antibodies. Since monovalent Fab was considered incapable of 

inducing receptor signaling , the Fab-enhanced T-cell activation was interpreted in the 

context that the antibody have blocked a negative regulator for T cell activation. Therefore, 

the data constituted suggestive evidence that CTLA-4 is a negative regulator for T cell 

activation [8, 9].

Around the same time, Mak and Sharpe groups independently reported that germline 

deletion of Ctla4 cause severe autoimmune diseases with early lethality [10, 11]. More 

recent data demonstrate that mutation of either CTLA4 [12, 13] or the lipopolysaccharide-

responsive and beige-like anchor (LRBA) gene [13, 14] (which is required for CTLA-4 

recycling) genes caused autoimmune diseases in humans. These data established CTLA-4 as 

a crucial checkpoint against autoimmune diseases. These data were interpreted by many as 

evidence for a cell-intrinsic negative regulatory function of CTLA-4. As a molecular 

mechanism, two groups reported that engagement of CTLA-4 triggers association of a 

tyrosine phosphatase SHP-2 (Src homology region 2 domain-containing phosphatase-2) [15, 

16]. This was presumed to down-regulation of signal transduction by the T-cell receptor 
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(TCR) on naïve T cells after TCR binding by its ligand, the complex between the major 

histocompatibility complex (MHC) and antigenic peptides (MHC+P) present on dendritic 
cells (DC) (Figure 1a). The work suggested SHP-2 as critical transducer for negative 

signaling from CTLA-4 [15, 16] (Figure 1a). However, T cell-intrinsic inhibitory effect of 

CTLA-4 has not been resolved historically [17-20]. In particular, since T-lineage-specific 

deletion of Shp2 inhibit T cell activation, genetic data did not support SHP-2 as negative 

regulator for T cell function [21]. These considerations prompted us to question whether 

CTLA-4 is a negative signaling molecule for T cell activation and whether cancer 

immunotherapy can be achieved by inhibiting physiological function of CTLA-4 [22, 23].

A major challenge to the notion of CTLA-4 as cell-intrinsic negative regulator for T cell 

activation come from the elegant chimera analysis from Bachmann and colleagues [24] who 

reported that in chimera consisting of Ctla4+/+ and Ctla4−/− bone marrow, the inherent 

pathogenicity of Ctla4−/− immune system are completely abrogated by Ctla4+/+ 

hematopoietic cells. These data demonstrate that CTLA-4 works in trans to protect host 

against autoimmune diseases. The lack of cell intrinsic negative regulatory effect from 

CTLA-4 signaling was further demonstrated by the data that Ctla4−/− T cells had no 

advantage over Ctla4+/+ T cells in clonal expansion following lymphocytic 

choriomeningitis virus (LCMV), Leishmania major and mouse mammary tumor virus 

infection [25]. Since T cells expand more than 10,000 fold during first week of LCMV 

infection [26], releasing T cells from cell-intrinsic negative regulatory activity would have 

substantially increased the clonal size of the Ctla4−/− T cells. The chimera mice studies 

refuted the cell-intrinsic inhibitory effect during T cell activation and established a concept 

that CTLA-4 mediates immune regulation of cells that are genetically devoid of the Ctla4 
gene, i.e. CTLA-4 works in trans.

The in trans mode of immunoregulation by CTLA-4 provided a useful clue to the cellular 

basis for CTLA-4 function, as the cells capable of suppress autoimmune diseases in trans is 

called regulatory T cells (Treg), which have emerged as an essential guard against lethal 

autoimmune diseases as genetic inactivation of the gene encoding the forkhead box P3 

protein (FOXP3), the master regulator of Treg [27, 28] leads to lethal autoimmune diseases 

in mouse [29] and humans [30, 31]. Therefore, it is intriguing to speculate whether the trans-

suppressive function of CTLA-4 may be due to its function on Treg.

Bluestone’s laboratory was the first to report that CTLA-4 is almost exclusively expressed in 

Tregs under homeostatic condition [32], which in retrospect is predictable as Ctla4 is a target 

gene of Foxp3, the master regulator of Treg [33]. By showing that Treg-specific deletion of 

Ctla4 recapitulated the phenotype of mice with germline deletion of Ctla4 and that Ctla4 
deficiency abrogated the function of Treg [34], Sakaguchi’s laboratory provided the 

definitive data which establishes CTLA-4 as the immune checkpoint that prevents 

autoimmune diseases by conferring function to Tregs.

Despite extensive literature on the molecular interactions responsible for CTLA-4-mediated 

immune regulation, there is no consensus on how CTLA-4 contributed to Treg cell function. 

Samson group showed thatCTLA-4 on Treg down-regulated CD80/CD86 on DCs by 

transendocytosis [35] (Figure 1b). Since CD80/CD86 is critical for activation of T cells 
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after the TCR was stimulated by MHC and peptide complex, such down-regulation would 

abrogate the DC-induced T cell activation [35]. This is an attractive mechanism of CTLA-4-

mediated immune suppression as it explains CTLA-4’s recycling [36], Treg-intrinsic 

requirement for Ctla4 for mouse survival and the above mentioned data from chimera 

studies by Bachmann. The fact that mutations in LRBA, the gene which is critical for 

CTLA-4 recycling, caused autoimmune diseases in human [13, 14] lends further support to 

the concept.

Challenges in targeting CTLA-4 in cancer immunotherapy

The Allison laboratory reported in 1996 that antibody targeting CTLA-4 induced rejection of 

established tumors in the mice [37]. These observations inspired Medarex Inc (later acquired 

by Bristol-Myers Squibb, Inc) to generate anti-human CTLA-4 antibody for treatment of 

melanoma. After a decade-long clinical testing, the anti-CTLA-4 antibody Ipilimumab was 

shown to improve survival of melanoma patients in a large phase III clinical trial [38]. This 

antibody has taken a historical significance as it is the first T-cell targeting antibody that 

activates host immunity against cancer. Another longstanding effort to develop a different 

anti-CTLA-4 antibody, the Tremelimumab by Pfizer, Inc and AstraZeneca Inc, however, has 

not reached statistical endpoint in phase III trials [39]. Therefore, clinical performance of 

CTLA-4 targeting is mainly based on a single antibody. In contrast, PD-1/PD-L1 (originally 

called B7H1) targeting (hereby called anti-PD therapy) has been validated by a large cohort 

of clinical products in multiple cancers.

Compared with anti-PD therapy, CTLA-4 targeting faces two related challenges: suboptimal 

efficacy and increased toxicity. In a direct head-to-head comparison between Nivolumab 

(anti-PD-1) and Ipilimumab in adjuvant therapy of advanced melanoma, Weber et al. [40] 

reported that, in a large clinical trial involving 906 patients with resected stage III and IV 

melanoma, patients receiving monotherapy with Nivolumab showed 70.5% recurrence-free 

survival (RFS) over 1 year period, while those receiving Ipilimumab showed have 60.5% 

RFS (P<0.001). Remarkably, severe (grades 3-4) immunotherapy-related adverse events 

(irAE) were reported among 14.4% Nivolumab-treated patients and 46.2% Ipilimumab-

treated patients. As a result of severe toxicity, treatment was discontinued among 9.7% of 

Nivolumab-treated patients and 42.6% of Ipilimumb-treated patients. In a large phase III 

clinical trial in patients with advanced melanoma, Ipilimumab-treated arm had a median 

survival of 19.9 months, Nivolumab-treated arm had a median survival of 36.9 months, 

while the Ipilimumab and Nivolumab combination arm had a median survival of more than 

60 months [41]. The rates of severe irAE for Ipilimumab, Nivolumab, and the Ipilimumab

+Nivolumab arms were 28%, 23% and 59% respectively [41]. As a result, while anti-PD 

therapy has been approved in rapidly expanding indications such as melanoma, lung cancer, 

liver cancer, kidney cancer, lymphoma, as well as cancer with high microsatellite instability, 

anti-CTLA-4 monotherapy largely limits to melanoma [3].

Despite these challenges, there is a continuing interest in targeting CTLA-4 for cancer 

immunotherapy as Ipilimumab has shown to improve therapeutic response to anti-PD-1 

antibody, as evidenced by improved overall survival, objective response rate and 

progression-free survival [42-48]. Moreover, cancer patients receiving Ipilimumab exhibit 
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very long survival if they survived more than three years [49]. However, severe irAE 

occurred at exceptionally high levels, reaching 73-90% among patients receiving 

Ipilimumab and Nivolumab combination in neoadjuvant therapy setting [50, 51]. Since 

irAE is basically an autoimmune disease-like state, the increased incidence should have been 

predicted by the current paradigm of disrupting a critical checkpoint that ensures immune 

tolerance to self-antigens.

CTLA-4 checkpoint blockade is neither necessary nor sufficient for cancer 

immunotherapy

The observations of anti-CTLA-4 vs anti-PD in humans differ sharply from those in 

preclinical models where anti-PD reagents are typically less effective than anti-CTLA-4 

antibodies in cancer immunotherapy [52-55]. While it is possible that preclinical models did 

not reflect human diseases, it is of interest to ask whether the low efficacy and high toxicity 

of CTLA-4 in humans is due to either inherent limit of the CTLA-4 target or because of a 

fundamental knowledge gap on how to target CTLA-4. Recent studies have offered exciting 

new insights on the fundamental cause of therapeutic efficacy vs irAEs.

Cancer immunotherapeutic effect (CITE) of anti-CTLA-4 antibodies has been interpreted on 

basis of checkpoint blockade hypothesis [1] which stipulates that the anti-CTLA-4 

antibodies block the naïve T cell-intrinsic CTLA-4 checkpoint by inhibiting CTLA-4 

interaction with CD80 and CD86 (Figure 2a). This allows activation of tumor-reactive T 

cells which then migrate into tumors to confer therapeutic effect (Figure 2a). However, it has 

not been tested whether blocking CTLA-4 interaction with its physiological ligands, CD80 

and CD86 is either necessary or sufficient for cancer therapeutic effect of anti-CTLA-4 

antibodies. We have recently provided several lines of evidence that demonstrate CTLA-4 

checkpoint blockade is neither necessary nor sufficient for cancer therapeutic effect [55]:

First, while clinically effective Ipilimumab blocks CD80/CD86-CTLA-4 interaction if 

CD80/CD86 are provided in soluble phase, it is largely ineffective in blocking this 

interaction when CD80/CD86 and CTLA-4 are expressed on cell surface. In particular, 

Ipilimumab barely block CTLA-4-mediated transendocytosis either in mice that express 

human CTLA-4 or in vitro when the receptor and ligands are expressed on separate cells.

Second, in heterozygous mice that co-dominantly expressed mouse and human CTLA-4 

molecules (CTLA4h/m), antibodies that bind to human but not mouse CTLA-4 molecules are 

incapable of blocking the physiological function of CTLA-4 but effectively induced tumor 

rejection.

Third, two mutant antibodies that have lost the ability to block the CD80/CD86-CTLA-4 

interaction are fully capable of causing tumor rejection in mice expressing human CTLA-4 

protein.

Fourth, an antibody against host FcγR, which should not affect the ability of anti-CTLA-4 to 

block CTLA-4 binding to its ligands, abrogated CITE.
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These data demonstrate that blocking CTLA-4 interaction with CD80 and CD86 is neither 

necessary nor sufficient for CITE. Therefore, they call for reappraisal of the CTLA-4 

checkpoint blockade hypothesis for cancer immunotherapy and brings attention to an 

alternative mechanism by which anti-CTLA-4 antibodies can induce tumor rejection [23].

The alternative mechanism arises from understanding the role of interaction of Fc fragments 

of anti-CTLA-4 antibodies with specific host cellular receptors for IgG Fc (FcγR. where 

antibody-coated cells are eliminated by cells expressing FcγR by processes known as 

antibody-dependent cell-mediated cytotoxicity (ADCC) and/or antibody-dependent cell-

mediated phagocytosis (ADCP) (Figure 2b). Several laboratories have reported that 

interaction between CTLA-4 antibodies and the activating Fc receptors on host cells are 

critical for selective depletion of Treg in the tumor, leading to tumor rejection. Thus, Selby 

et al. showed that the therapeutic effect of anti-mouse CTLA-4 antibodies is determined by 

their ability to engage Fc receptors for ADCC/ADCP [53], while our group showed that an 

antibody that reacted with FcγRII and FcγRIII, abrogated immunotherapeutic effect of an 

anti-human CTLA-4 antibody, Ipilimumab [55]. The work highlighted the essential role of 

FcγRII and FcγRIII in tumor rejection. These findings are further supported by genetic data 

that shows that targeted mutations of activating FcγR abrogates immunotherapeutic effect of 

anti-mouse CTLA-4 antibodies [56, 57]. More recently, Vargas et al. [58] demonstrated that 

ADCC activity of chimeric anti-mouse CTLA-4 antibodies against Treg is essential for 

tumor rejection in mice with human FcγR system. In mouse models, the depletion is 

selective for tumor-infiltrating Treg because they express much higher levels of CTLA-4 

[53] [55]. While not critically validated, it is also possible that the tumor 
microenvironment consists of more effector cells capable of mediating ADCC/ADCP 

(Figure 2b).

In a mouse model that fully recapitulates irAE of Ipilimumab in human, depletion of Treg 

was observed in neither lymphoid nor other target organs of the inflammatory cells induced 

by immunotherapy [54]. Clinical data lend further support to this notion. Thus, Treg 

depletion in melanoma samples has been shown to associate with clinical outcome in 

melanoma patients receiving Ipilimumab [59, 60]. Although Sharma et al have observed an 

increase in absolute Treg number in cancer samples from Ipilimumab-treated patients when 

compared to those from untreated, a careful examination of the data presented showed that 

the apparent increase was due overwhelming increase of CD4 T cells, and that there is a 

substantial reduction of % Treg among CD4 T cells in Ipilimumab treated melanoma 

patients [61]. In agreement the potential contribution of Treg depletion, Sharma et al 

suggested that Ipilimumab activity may be further increased by enhancing ADCC [61]. 

Indeed, a new version of Ipilimumab with afucosylated Fc has been developed to improve 

ADCC activity. This drug is being tested in clinic (Clinical Trial Numberi: NCT03369223). 

However, since the CTLA-4 binding properties are not changed, this approach should do 

little to reduce irAE associated with checkpoint inactivation. In contrast, significantly higher 

toxicity has been observed in non-human primates receiving the new version than those that 

i) https://clinicaltrials.gov
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received the old version of Ipilimumabii, perhaps due to enhanced ADCC function of new 

version.

Preserving CTLA-4 checkpoint for safe and more effective immunotherapy

Given the essential role for CTLA-4 checkpoint in preventing autoimmune diseases, the 

prevailing concept to induce tumor rejection by this checkpoint must be considered only as 

the last resort. When human CTLA4 gene knock in mice were used to evaluate multiple anti-

CTLA-4 antibodies for therapeutic efficacy and autoimmunity, it was found that the anti-

CTLA-4 antibody that caused the most efficient tumor rejection actually induced the least 

anti-DNA antibodies [62]. These data suggest that autoimmunity is not a necessary price for 

cancer immunity conferred by anti-CTLA-4 antibodies.

Furthermore, by administrating anti-CTLA-4 antibodies in 10-day old mice, we were able to 

fully recapitulate pathological findings of irAE in cancer patients receiving either 

Ipilimumab or combination of anti-CTLA4 and anti-PD therapies [54]. Using this model, we 

again demonstrated that it is possible to identify antibodies with minimal adverse effect but 

optimal immunotherapeutic activity for cancer [54].

An important issue is how anti-CTLA-4 antibodies can cause autoimmune diseases. Our 

recent studies have demonstrated that the toxicity of anti-CTLA-4 antibodies is independent 

of its ability to block CTLA-4:CD80/CD86 interaction [54]. To understand how anti-

CTLA-4 antibodies cause irAE, we evaluated the impact of irAE-prone and non-prone 

antibodies for their impact on CTLA-4 trafficking in the cells [63]. Our data demonstrated 

that irAE-prone anti-CTLA-4 antibodies such as Ipilimumab prevent CTLA-4 recycling and 

direct CTLA-4 into lysosomal degradation. In contrast, those anti-CTLA-4 antibodies that 

cause no irAE preserve CTLA-4 recycling and cause no lysosomal degradation. 

Pharmacological inhibition of CTLA-4 recycling confers irAE activity to a non-irAE-

inducing antibody, confirming the importance of preserving CTLA-4 recycling in avoiding 

irAE.

To understand how irAE-prone and non-prone antibodies differentially affect intracellular 

CTLA-4 trafficking, we considered the possibilities that these two class of antibodies may 

differ in their pH-sensitivity in CTLA-4 binding. As illustrated in Figure 3, since early 

endosomes undergo acidification as they mature into late endosome and lysosomes, pH-

sensitive anti-CTLA-4 antibodies would dissociate from CTLA-4 and thus allow it to recycle 

to cell surface. In contrast, the pH-insensitive antibodies would continue to bind to CTLA-4 

and prevent it from recycling to cell surface to exert their physiological function.

We have reported two lines of evidence in support of this notion [63]:

First, we found that while irAE-prone antibodies are pH-insensitive as they bound CTLA-4 

at comparable efficacy between pH 4.5-7.0 and directed CTLA-4 into lysosomal 

degradation. In contrast, the non-irAE prone antibodies are pH-sensitive as they dissociated 

ii) https://mct.aacriournals.org/content/17/1_Supplement/LB-B33
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progressively from CTLA-4 at pH below 6.0 and allowed CTLA-4 recycling to cell surface 

by the LRBA-dependent mechanism.

Second, increasing the pH sensitivity of by antibody engineering prevented antibody-

triggered lysosomal CTLA-4 down-regulation and dramatically attenuates irAE.

Surprisingly, in addition to preserving CTLA-4 immune checkpoint function, pH-sensitivity 

also preserve CTLA-4 as target for ADCC and ADCP [63]. This, together with recycling of 

anti-CTLA-4 antibodies that allowed increased antibody bioavailability, made pH-sensitive 

anti-CTLA-4 antibodies more effective in intra-tumor regulatory T-cell depletion and 

rejection of large established tumors [63]. Our data establish a new paradigm for cancer 

research that allows for abrogating irAE while increasing CITE of anti-CTLA-4 antibodies, 

as diagramed in Figure 3.

Conclusions and Future Perspectives

Accumulating data reviewed herein have established that CTLA-4 is a critical immune 

checkpoint against autoimmune diseases and that blocking this checkpoint is neither 

necessary nor sufficient for cancer immunotherapy. It is therefore inescapable that one could 

improve safety of CTLA-4 antibodies without losing clinical efficacy for cancer 

immunotherapy by preserving rather than inhibiting CTLA-4 checkpoint function. What is 

unexpected is that preserving CTLA-4 checkpoint also allows more effective depletion of 

Treg in cancer microenvironment and thus improve therapeutic efficacy. The new concept, if 

proven through future clinical studies, would mark a paradigm shift in cancer 

immunotherapy.

Moreover, while systemic depletion of Treg by anti-CTLA-4 antibodies have been ruled out 

[59, 60], the impact of the antibodies on organs underlying immunotherapy-related event has 

not been carefully scrutinized in humans (see Outstanding Questions). A systemic approach 

would allow us to fully discern how the clinically used anti-CTLA-4 antibodies inactivated 

CTLA-4 checkpoint and to engineer or select antibodies that preserves rather than inhibit the 

CTLA-4 checkpoint.

Finally, compared with anti-PD therapeutics, anti-CTLA-4 antibodies are dosed at much 

lower doses and durations due to their high toxicity which has prevents the anti-CTLA-4 

antibodies to reach their full therapeutic potential. With improved safety without losing 

efficacy, more patients may tolerate higher doses, it might be possible to test the potential of 

anti-CTLA-4 as a monotherapy beyond melanoma.
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GLOSSARY

Adjuvant therapy:
cancer treatments for patients administrated after surgery.

Clonal expansion:
the process that leads to increased frequency of T or B cells with a unique antigen receptor.

Dendritic cells (DC):
the major cell types that present antigen to activate T cells

Fab:
a fragment of immunoglobulin that mediate binding to antigen.

Fc:
a crystalizable fragment of immunoglobulin.

Neoadjuvant therapy:
cancer treatments for patients administrated before surgery.

Transendocytosis:
cellular receptor-mediated uptake and internalization of ligand on another cell.

Tumor microenvironment:
The normal cells, molecules, and blood vessels that surround and feed a tumor cell.
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Highlights

• Cancer therapeutic effect (CITE) of anti-CTLA-4 antibodies is due to 

selective depletion of tumor-infiltrating regulatory T cells (Treg)

• Immunotherapy-related adverse events (irAE) attributable to CTLA-4 

inactivation

• pH-insensitive antibodies direct CTLA-4 to lysosomal degradation

• pH-sensitive anti-CTLA-4 antibodies minimize irAE by preserving CTLA-4 

recycling

• Preserving CTLA-4 recycling enhances selective depletion of tumor 

infiltrating Treg

• Preserving the CTLA-4 checkpoint allows safer and more effective 

immunotherapy
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Outstanding Questions

• Is preserving cell surface CTLA-4 function sufficient to avoid anti-CTLA-4 

antibody-induced adverse events?

• What are the mechanism for selective depletion of Treg in tumor 

microenvironment?

• Would clinical studies confirm the benefit of the antibodies that preserve 

CTLA-4 checkpoint in cancer patients?

• Can the concept of preserving immune checkpoint for safer and more 

effective cancer therapy applicable to anti-PD cancer immunotherapy?
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Figure 1. New Alternative ways to explore physiological function of CTLA-4.
a. Traditional view: CTLA-4 is a naïve T cell (Tn)-intrinsic inhibitor of T cell activation. 

Engagement of CTLA-4 on naïve T cells by CD80/CD86 on dendritic cells (DC)? triggers 

association of SHP-2, which cause down-regulation of signal transduction by the T-cell 

receptor (TCR). b. Proposed view: CTLA-4 works primarily as an essential positive 

regulator of regulatory T cells (Treg), perhaps functions by transendocytosis of CD80/CD86 

on DC. As a result, naïve T cells lack costimulatory signal derived from interaction between 

CD28 on naïve T cells and CD80/CD86 on DC but receive TCR ligand, the complex of 

major histocompatibility complex antigen and peptide (MHC+P), a condition that causes T 

cell inactivation.
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Figure 2. Recent insights on how anti-CTLA-4 antibodies promote cancer immunity.
a. Traditional view: checkpoint blockade hypothesis stipulates that the anti-CTLA-4 

antibodies block the cell-intrinsic checkpoint of T cell activation in naïve T cells, allowing 

activation of tumor-reactive T cells which then migrate into tumors to confer cancer 

immunotherapeutic effect (CITE). b. Recent view: anti-CTLA-4 antibodies deplete Treg in 

tumor, leading to activation and increased effector function of tumor-specific T cells in the 

tumors and increased CITE. Here, lymphoid organs refer to secondary lymphoid organs 

where immune responses are initiated, including spleen and lymph nodes.
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Figure 3. A converging mechanism for safer and more effective cancer immunotherapy.
The properties of clinically used antibodies are shown on the left: the pH-insensitive 

antibodies cause down-regulation of CTLA-4 through lysosomal degradation. In host 

tissues, CTLA-4 down-regulation causes autoimmune diseases; while in the tumor CTLA-4 

down-regulation reduces ADCC activity and thus anti-cancer efficacy. In contract, as 

depicted on the right, pH-sensitive antibodies do not cause CTLA-4 degradation as it allows 

recycling of both antibodies and CTLA-4 molecules. Preserving the CTLA-4 checkpoint on 

host tissues prevents autoimmune diseases, while preserving CTLA-4 in tumor 

microenvironment and increasing bioavailability of anti-CTLA-4 antibodies ensures high 

ADCC ligand density, and thus better Treg depletion and anti-tumor activity.
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