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A B S T R A C T   

Immunotherapeutic interventions to enhance natural HIV-specific CD8+ T cell responses, such as vaccination or adoptive T cell transfer, have been a major focus of 
HIV cure efforts. However, these approaches have not been effective in overcoming viral immune evasion mechanisms. Soluble T cell receptor (TCR) bispecifics are a 
new class of ‘off-the-shelf’ therapeutic designed to address these limitations. These biologics are built on the Immune mobilising monoclonal TCRs against X disease 
(ImmTAX) platform, which was pioneered in oncology and recently validated by the FDA’s approval of tebentafusp for treatment of metastatic uveal melanoma. 
ImmTAV® are an application of this technology undergoing clinical development for the elimination of chronic viral infections. ImmTAV molecules comprise an 
affinity-enhanced virus-specific TCR fused to an anti-CD3 effector domain. Engineering of the TCR confers extraordinary specificity and affinity for cognate viral 
antigen and the anti-CD3 enables retargeting of non-exhausted cytolytic T cells, irrespective of their specificity. These features enable ImmTAV molecules to detect 
and kill infected cells, even when expressing very low levels of antigen, bypassing ineffective host immune responses. Furthermore, the modularity of the platform 
allows for engineering of TCRs that effectively target viral variants. In this review, we discuss the progress made in the development of ImmTAV molecules as 
therapeutics for functional cure of chronic hepatitis B and HIV, from concept to the clinic.   

1. Introduction 

Modern antiretroviral therapy (ART) provides durable control of 
HIV, with restoration of health and a normal lifespan, thanks to the 
development of safe, tolerable and convenient treatment regimens. 
However, ART is a lifelong commitment; virological relapse occurs if 
therapy is interrupted, due to the presence of long-lived cells harbouring 
stably integrated HIV proviruses. These viral reservoirs are primarily in 
lymphoid tissue and are established within the first few days of infec-
tion. While the recent approval of long-acting antiretrovirals may usher 
in a new era for HIV management, offering people living with HIV 
(PLWH) a reprieve from daily medication, they are not yet suitable for or 
accessible to all and do not eliminate the need for indefinite treatment.1 

The ultimate goal of cure research is to achieve durable suppression 
of HIV with a finite course of therapy that is safe, acceptable, scalable 
and accessible. The three cases of complete cure through haematopoietic 
stem cell transplant (HSTC), Timothy Ray Brown, Adam Castillejo and 
now the ‘New York patient’, have galvanised the field.2–4 The key to 
success in these individuals was the elimination of HIV reservoirs 
through myeloablative interventions, coupled with engraftment of 
allogeneic HIV-resistant donor cells. However, these individuals all 
required HSTC for treatment of life-threatening cancers; the risks of the 

procedure preclude its use outside of a clinical indication.5 A functional 
cure or remission, on the other hand, may be feasible without such risks. 
Here, the aim is to achieve at minimum, durable suppression of viral 
load below the transmission threshold, with a low relapse rate, for at 
least 2 years; an optimum scenario would be elimination of 
replication-competent proviruses, which are the source of rebound 
viremia.6 

Natural immune responses to HIV, particularly CD8+ T cells, play a 
key role in containing the virus and may even clear reservoirs in rare 
individuals.7 Furthermore, non-human primate (NHP) studies have 
shown that induction of virus-specific CD8+ T cells by vaccination could 
confer control of viremia following challenge with pathogenic strains of 
simian immunodeficiency virus (SIV).8 Considerable effort has therefore 
been devoted to designing therapeutic vaccine strategies to elicit simi-
larly potent T cell responses against HIV. However, promising results in 
NHP have proved challenging to replicate in humans. This indicates that 
multiple facets of the CD8+ T cell response are important, including 
specificity, sensitivity to antigenic stimulus, antiviral functionality and 
access to sites of virus production. 

Other immunotherapeutic approaches that are currently being 
investigated for HIV include broadly neutralising antibodies, adoptive 
cell and gene therapies including chimeric antigen receptor (CAR) T 
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cells, Toll-like receptor agonists and immune checkpoint inhibitors.9 

These have the potential to overcome some of the hurdles encountered 
with therapeutic vaccines, although to date no single agent has shown 
durable impact on virological relapse after withdrawal of ART. The 
consensus is, therefore, that a combination strategy will be needed. The 
aforementioned interventions have been recently reviewed elsewhere 
and are beyond the scope of this review.10 It is also important to note 
that while there is considerable overlap in the concepts of CAR and T cell 
receptor (TCR)-transduced T cells, the key differences between them 
reflect their distinct modes of antigen recognition. Here, we will focus on 
TCR-adapted strategies. 

2. Evolution of adoptive T cell therapy for HIV 

The rationale for adoptive T cell therapies directed against HIV lies in 
observations made over three decades that CD8+ T cell responses exert a 
degree of control in most individuals, which was evident in the pre-ART 
era in the highly variable lag time from initial infection to AIDS, ranging 
from months to years. This underpinned attempts to enhance HIV- 
specific T cell responses, initially by expanding autologous HIV- 
specific T cell clones ex vivo prior to re-infusion into patients, without 
success.11 Administration in patients with uncontrolled viremia resulted 
in rapid viral escape and poor persistence of the transferred T cells. As a 
first step towards the generation of more potent T cell products with the 
capacity to overcome viral escape, phage display was used to isolate and 
enhance the affinity of a natural TCR from an HIV-positive individual 
with a strong response to an HLA-A*02:01-restricted Gag p17 epitope. 
CD8+ T cells transduced with the affinity-enhanced TCR were able to 
control replication of diverse HIV isolates in vitro, through recognition of 
the cognate epitope and known escape variants.12 TCR-transduced T 
cells with either wild-type (natural) or enhanced affinity were produced 
for a phase I trial in PLWH; however, two patients received infusions 
with wild-type TCR-transduced T cells only and the results were not 
reported (NCT00991224). 

Improvements in ART regimens, together with the successful appli-
cation of virus-specific T cell therapies in the setting of post-transplant 
viral infections provided impetus to re-visit the approach. Ex vivo 
expanded HIV-specific cytolytic T cell (CTL) clones (HXTC) are an 
adaptation of virus-specific T cell therapy that has been used success-
fully for treatment of post-transplant viral infections such as EBV, CMV 
and adenovirus.13 HXTC are expanded from peripheral blood lympho-
cytes by stimulation with pools of peptides spanning conserved regions 
within the structural and regulatory proteins of HIV. They were shown 
to eliminate latently infected CD4+ T cells from ART-treated individuals 
ex vivo.14,15 HXTC have been generated under Good Manufacturing 
Practice (GMP) conditions and tested in 6 ART-treated individuals in a 
proof-of-concept study. Infusions were well tolerated and autologous 
CD8+ T cells sampled post-infusion had demonstrable antiviral activity 
ex vivo.15,16 However, no significant reduction in viral reservoirs was 
observed, which was attributed to the absence of a latency-reversing 
agent (LRA). Latency reversal is considered necessary to drive viral 
antigen expression and thus sensitise reservoirs to lysis by the infused 
HXTC. A combination strategy involving administration of an LRA, 
vorinostat, followed by HXTC infusions is currently being evaluated in a 
Phase I trial (NCT03212989). To improve the coverage of viral variants 
that may be archived in HIV reservoirs, the HXTC platform was modified 
to incorporate mosaic antigens as the stimulus, resulting in 
multi-antigen-specific polyclonal T cells against non-escaped epitopes 
(HST-NEETs). A phase I trial evaluating HST-NEETs in ART-treated in-
dividuals has been initiated (NCT03485963). The scalability of these 
HIV-specific T cell products may be improved by using allogeneic or 
naïve donor cells. However, as with HXTCs they may need to be com-
bined with LRAs to ensure that there is sufficient antigenic stimulus for 
their activation. 

3. Innovations to develop modular TCR-based bispecific agents 

Despite progress towards the generation of ‘off-the-shelf’ T cell 
therapies, clinical application remains challenging due to the complex-
ities of manufacture and dosing, the potential for alloreactivity and on 
occasions, the need for lymphodepletion. By contrast, antibodies are not 
donor-restricted and can be rapidly produced at scale. However, the 
range of antigenic targets for antibodies is limited to cell surface pro-
teins, which account for approximately 10% of cellular proteins, and 
they may be sequestered by cell-free viral proteins if these are secreted 
in large quantities. In the case of HIV, only Env glycoproteins are 
expressed on the infected cell surface; Env proteins are highly prone to 
mutation, exquisitely adapted to evade antibody neutralisation and are 
also secreted as non-functional forms that act as an immunological 
decoy. These limitations also apply to antibody-based bispecifics such as 
dual affinity retargeting agents (DARTs). While the HLA restriction of 
TCRs limits their application, a key advantage over antibodies is that the 
repertoire of antigen targets includes the vast majority of cellular pro-
teins, including those expressed intracellularly, provided that they are 
processed into short peptides for presentation by HLA molecules on the 
cell surface. The most highly conserved regions of the HIV proteome are 
found primarily in Gag and Pol proteins, which are expressed intracel-
lularly. TCR-based therapies therefore offer the potential to target 
functionally conserved viral proteins, which are less likely to acquire 
mutations due to the detrimental impacts these have on viral fitness, as 
also indicated by structure-based network analysis.17,18 

TCRs are heterodimeric membrane-spanning proteins with affinities 
for cognate peptide-HLA (pHLA) typically in the micromolar range. 
They display inherent cross-reactivity, enabling them to sample millions 
of potential targets through brief interactions.19,20 The majority (~95%) 
of TCRs consist of an α and β chain, each comprised of a variable and 
constant domain. The α and β chain variable domains in turn each 
consist of three complementarity-determining region (CDR) loops that 
interact with the target pHLA. Transformation of membrane-bound 
TCRs into soluble molecules with high specificity for pHLA was depen-
dent on several feats of protein engineering. Truncation of the trans-
membrane domains, which was necessary to solubilise the TCR, 
rendered the αβ heterodimer unstable. This was overcome by the 
introduction of a novel non-native disulphide bridge between the two 
constant domains of the TCR (Fig. 1).21 For further details on solubili-
zation of TCRs we refer the readers to the following recent review.22 

To engineer a natural, membrane bound TCR (1) into a soluble, 
bispecific TCR (4) the transmembrane domain is removed, and a disul-
phide bond added to stabilize the TCR (2). The CDRs of the TCR are 
affinity enhanced using technologies such as phage display (3). An 
effector domain is fused to the TCR to provide bispecificity (4). 

The first soluble TCRs to be developed were targeted to cancer an-
tigens. Cancer-specific TCRs were isolated from naïve TCR libraries and 
affinity-enhanced by up to a million-fold (picomolar range) to enable 
targeting of peptides that are expressed at such low levels on malignant 
cells that they normally escape immune surveillance. This was achieved 
through systematic introduction of successive mutations in the CDRs, 
coupled with screening against a panel of pHLAs to ensure selection of 
TCRs with a high degree of specificity for cognate pHLA and rejection of 
any potentially cross-reactive TCRs.23–25 Finally, to convert TCRs into 
therapeutic proteins, an antibody (single chain variable fragment, scFv) 
specific for CD3 was fused to the TCR β chain, generating a bispecific 
molecule. When the soluble TCR is bound to pHLA on the surface of a 
cancer cell the anti-CD3 scFv redirects neighbouring T cells, irrespective 
of their specificity, to form an immune synapse. This results in activation 
of the redirected T cell, triggering the release of pro-inflammatory cy-
tokines including IFNγ, TNFα, IL-2 and IL-6, and the discharge of lytic 
molecules that destroy the cancer cell.26,27 This approach was success-
fully applied to the discovery of TCRs specific for cancer testis antigens, 
enabling the development of the first Immune mobilising monoclonal T 
cell receptors Against Cancer (ImmTAC) molecules.24 The ImmTAC 
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mechanism of action is illustrated in Fig. 2. Further mechanistic studies 
have revealed that ImmTAC molecules can redirect and activate not only 
CD8+ but also CD4+ T cells, eliciting the release of the aforementioned 
pro-inflammatory cytokines as well as chemokines including macro-
phage inflammatory protein-1α/β.24,27,28 

A cancer cell presents tumour-derived peptide on HLA class I mole-
cules (1). ImmTAC with a high affinity TCR specific for the peptide-HLA 
complex binds and recruits a nearby T cell, regardless of its specificity, 
via binding of the anti-CD3 scFv (2). The T cell forms an immune syn-
apse with the cancer cell, leading to T cell activation. The activated T 
cell releases pro-inflammatory cytokines and perforin, which forms 
pores in the cancer cell membrane, allowing cytolytic granules to enter 
(3). The cytolytic granules trigger apoptosis of the cancer cell (4). 

The ImmTAC tebentafusp (KIMMTRAK®) is the world’s first 
approved TCR therapeutic, developed for the treatment of metastatic 
uveal melanoma, an aggressive disease with a median survival from 
symptom onset of approximately 1 year.29 Tebentafusp consists of an 
affinity-enhanced TCR-anti-CD3 bispecific targeting an 
HLA-A*02:01-restricted peptide from the gp100 antigen, which is 
expressed at high levels in melanoma. In a pivotal Phase III randomised 
controlled trial, HLA-A*02:01–positive patients with metastatic uveal 
melanoma were allocated to either tebentafusp monotherapy or in-
vestigators’ choice of immune checkpoint inhibitor. The tebentafusp 
arm showed significantly longer overall survival.30 This trial was not 
only the first to demonstrate clinical efficacy with a TCR therapeutic but 
also the first to show successful treatment of a solid tumour with a 

soluble bispecific agent. Consistent with the mechanism of action, 
therapeutic dosing was associated with cytokine release syndrome 
(CRS), however, in the vast majority of patients CRS severity was graded 
I/II and symptoms rapidly reversed with standard supportive therapy 
and/or corticosteroid. Furthermore, of the minority who required cor-
ticosteroids after the first dose of tebentafusp (26%), only one day’s 
treatment was needed in nearly half of these (10%).30,31 Several 
ImmTAC molecules targeting other cancer antigens have since been 
developed and are currently under clinical evaluation.32 

4. Application of TCR-adapted therapies to viral infections 

The success of tebentafusp has shown that a soluble TCR-bispecific 
can overcome several challenges in cancer immunotherapy, including 
penetration into solid tumours and activity in the context of low target 
antigen expression and in an immunosuppressive microenvironment. 
Chronic viral infections present similar challenges to cancers, reflecting 
adaptations to evade immune surveillance or to subvert host immune 
responses.33 These include the persistence of replication-competent viral 
genomes in latent or intermittently transcribing states, enabling infected 
cells to avoid detection by CTLs, the accumulation of genetic mutations 
in CD8+ T cell epitopes that may impair recognition, and effector T cell 
exhaustion, manifested by upregulation of co-inhibitory receptors.34 

Furthermore, in the case of HIV, replication-competent proviruses 
persist in rare, long-lived CD4+ T cell clones with a central memory 
phenotype, which may be selected for survival through immune-edit-
ing.35 These similarities lend support for exploring the potential to use 
TCR-bispecifics to eliminate virus-infected cells (Fig. 3). 

ImmTAX molecules have been developed for oncology applications 
(ImmTAC) and chronic viral infections (ImmTAV). The ImmTAC rec-
ognizes tumour-derived peptides presented on HLA, while the ImmTAV 
recognizes HLA-presented viral peptides. In both cases, the anti-CD3 
scFv redirects polyclonal T cells to the target cells resulting in cell 
lysis. *Tebentafusp (uveal melanoma) was licensed by the FDA in 2022; 
other ImmTAC molecules are in phase I/II trials. 

4.1. Hepatitis B virus 

Chronic hepatitis B (CHB) affects over 250 million people globally 
and causes significant morbidity and mortality, primarily due to the 
complications of end-stage liver disease and hepatocellular carcinoma 
(HCC).36,37 The risk of serious disease can be reduced by long-term 
treatment with antivirals but is not completely eliminated, therefore, 
there is a high unmet need for a functional cure. Hepatitis B virus (HBV) 
establishes a reservoir in hepatocytes, episomally as covalently closed 
circular DNA (cccDNA) which is the source of infectious virus, and also 

Fig. 1. Transformation of a natural TCR into a soluble TCR bispecific retargeting molecule.  

Fig. 2. Mechanism of action of ImmTAC molecules.  
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via integration of HBV DNA into host chromosomes. Both forms of viral 
DNA serve as transcriptional templates for hepatitis B surface antigen 
(HBsAg).38 Continuous secretion of HBsAg is thought to promote an 
immunosuppressive or immune tolerant environment in the liver, which 
leads to exhaustion of HBV-specific T cells.39,40 Spontaneous loss of 
HBsAg occurs infrequently in treatment-naïve adults or after prolonged 
treatment with antiviral therapy.41,42 Functional cure, defined as sus-
tained HBsAg loss, with or without HBsAb seroconversion, is considered 
a realistic goal given these observations. Various interventions to elim-
inate, or permanently silence HBV DNA are being actively pursued, 
including approaches to reactivate exhausted HBV-specific T cells.43 

TCR-adapted therapies, conversely, do not depend on restoration of 
these responses but engage functional non-HBV-specific T cells instead. 

The LioCyx platform developed by Lion TCR uses messenger RNA 
(mRNA)-encoded HBV-specific TCRs to redirect T cells against HBV 
peptide. The mRNA is delivered by electroporation into ex vivo activated 
autologous T cells, which are then infused back into the patient. The 
short half-life of the TCRs enables safer dosing than with conventional 
adoptive T cell therapies, which typically persist in vivo for several 
weeks.44 Because immune-mediated clearance of HBV, whether spon-
taneous or iatrogenic, is associated with liver inflammation and hepa-
tocyte death (‘liver flares’) the risks and benefits of using T cell therapies 
in CHB are finely balanced.45 Application of TCR-based therapies to 
HBV-driven HCC, a cancer for which there is substantial unmet need, has 
shown that risks associated with on-target activity in the liver can be 
managed without compromising clinical efficacy. In a phase 1 dose 
escalation study, 8 patients with advanced HBV-associated HCC 
received repeated infusions of TCR-transduced T cells that recognise an 
HBV peptide expressed in HCC tissue. Three patients experienced 
tumour shrinkage or disease stabilisation with or without a reduction in 
HBV pre-genomic RNA.46 Of note, these individuals experienced liver 
enzyme elevations in tandem with clinical responses, together with in-
creases in serum chemokines and peripheral blood T cell activation. 
Although one individual developed increased ALT and bilirubin of grade 
3 severity, these changes resolved within 12 weeks without treatment 
and no subject experienced serious treatment-related adverse events.47 

These data show that a TCR-directed T cell therapy can provide clinical 
benefit, with predictable immune-mediated liver signals that are 

nevertheless tolerable and self-limiting, even in patients with advanced 
CHB disease. This study therefore provides a strong rationale for 
exploring the potential for TCR-adapted approaches to deliver a func-
tional cure in CHB. 

4.2. Soluble TCR-bispecific agents for HBV 

We have adapted the ImmTAC platform (re-named Immune mobi-
lising monoclonal TCRs Against X disease, ImmTAX) to develop the first 
soluble TCR-bispecific for HBV. This Immune mobilising monoclonal T 
cell receptor Against Viruses (ImmTAV) molecule was engineered to 
recognise a highly conserved HBsAg (Env)-derived HLA-A*02:01- 
restricted peptide with picomolar affinity. The HBV ImmTAV was able 
to redirect polyclonal T cells from both HBV-naïve and CHB donors to-
wards HBsAg-positive cell lines, resulting in target cell lysis at low 
picomolar ImmTAV concentrations. Using sorted effector cell subsets, 
we also showed that the ImmTAV efficiently redirected not only CD8+ T 
cells but also CD4+ T cells and mucosal-associated invariant T (MAIT) 
cells, the latter being highly enriched in intrahepatic lymphocytes.48 

Furthermore, in an in vitro infection model, the ImmTAV molecule 
mediated specific elimination of HBV-infected targets. Importantly from 
a safety perspective, cytokine release due to on-target activity against 
HBsAg-positive cell lines could be inhibited by a corticosteroid, while 
the affinity enhancement of the HBV-specific TCR did not introduce 
cross-reactivity to peptide mimetics in uninfected primary human he-
patocytes or to cellular components of whole blood from naïve donors.26 

Taken together, these studies provided preclinical proof of concept for 
HBV ImmTAV-mediated redirection of polyclonal T cells as a strategy to 
clear HBV-positive hepatocytes. 

The lead HBV-specific ImmTAV molecule, IMC-I109V, has advanced 
to a first-in-human clinical trial, which will evaluate the safety, tolera-
bility and antiviral effects of IMC-I109V in HLA-A*02:01-positive adults 
with CHB (EudraCT #2019-004212-64). HLA-A*02:01 is the most 
prevalent HLA allele globally, with frequencies in Asia, one of the 
highest burden regions, ranging from 10 to 34% (http://www.allelefre 
quencies.net). To date a single dose of 0.8 mcg, which was based on 
the minimum anticipated biological effect level, has been well tolerated 
and not associated with CRS or any adverse event (n=3).50 

4.3. Soluble TCR-bispecific agents for HIV 

Building on the work of Varela-Rohena et al. we have used the 
ImmTAX platform to develop soluble TCR-bispecific molecules against 
HIV peptides, initially targeting the same HLA-A*02:01-restricted Gag 
p17 epitope (Gag77-85).12 The first ImmTAV molecules were engineered 
to maintain the ‘polyspecificity’, or capacity to recognise viral variants, 
of the parental TCR (Fig. 4). We showed that HIV-specific ImmTAV 
molecules could redirect polyclonal CD8+ T cells from HIV-naïve donors 
towards HIV-infected CD4+ T cells in vitro, leading to specific killing at 
picomolar drug concentrations. Effector memory and terminally differ-
entiated effector CD8+ T cell subsets were more efficient killers than 
central memory or naïve subsets, likely reflecting differences in lytic 
granule content.28,51 Ex vivo polyclonal CD8+ T cells from ART-treated 
PLWH were also capable of eliminating autologous CD4+ T cells when 
redirected by the ImmTAV; in these studies, patients’ CD4+ T cells were 
stimulated in vitro to reactivate latent HIV prior to co-culture with 
autologous CD8+ T cells and latency reversal was demonstrated by 
intracellular staining for Gag protein expression. ImmTAV redirection 
led to a greater reduction in Gag-positive cells than the patients’ 
pre-existing HIV-specific CTL responses alone, highlighting the capacity 
of ImmTAV molecules to bypass exhausted virus-specific T cell re-
sponses52 (Fig. 4). 

Sequence diversity in archived HIV proviruses renders them insen-
sitive to natural HIV-specific CTL. This may be overcome by engineering 
TCRs that recognise the variants of interest or by combining multiple 
ImmTAV molecules targeting different epitopes (1). ImmTAV molecules 

Fig. 3. Immune mobilising monoclonal T cell receptors against X dis-
ease (ImmTAX®). 
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bypass exhausted HIV-specific CTL by redirecting polyclonal T cells (2). 
ImmTAV molecules are engineered to bind target pHLA with high af-
finity, enabling them to detect and eliminate infected cells even at low 
epitope densities (3). 

The premise of using LRAs to reactivate latent HIV and thus sensitise 
infected CD4+ cells to CTLs has dominated HIV cure research for over a 
decade. However, the results of clinical trials testing LRAs such as his-
tone deacetylase inhibitors, the most widely explored drug class to date, 
have been disappointing.53–55 Nevertheless, recent data indicate that 
HIV reservoirs may be transcriptionally active in the first few years of 
ART, with Gag p24 protein being detected in gut-associated and pe-
ripheral lymphoid tissues.56–58 This opens up the possibility of targeting 
these antigen-positive, non-productively infected cells using ImmTAV 
molecules, without the need for LRAs. The plausibility of this approach 
may depend on the viral epitope density on the infected cells. Using 
labelled affinity-enhanced TCRs specific for Gag77-85 we have shown 
that productively infected CD4+ T cells express approximately 10–50 
epitopes per cell.52 Further studies with TCRs specific for other viral 
epitopes may help to determine the susceptibility of reservoirs to 
ImmTAV-mediated killing as a function of pHLA levels. 

The ‘prototype’ HIV ImmTAV molecules described here underwent 
modifications to produce the candidate drug, IMC-M113V, which has 
advanced to a first-in-human trial. This dose-escalation study will 
evaluate the safety, pharmacokinetics and antiviral activity of IMC- 
M113V in HLA-A*02:01-positive ART-treated PLWH (EudraCT #2021- 
002008-11). HLA-A*02:01 prevalence ranges from approximately 23% 
in Southern Africa, the most affected region globally, to 45% in Western 
Europe. 

5. Future directions 

The ImmTAX platform has focused primarily on HLA-A*02- 
presented peptides to date, as HLA-A*02 alleles represent the most 
common subgroup of HLA class I alleles across the world. Nevertheless, 
ImmTAX restricted by other HLA class I alleles have been successfully 
developed to address ethnic variation in allele frequencies in the patient 
populations of interest. However, as HLA restriction is a barrier to uni-
versal application, donor-unrestricted targeting via non-classical class I 
molecules such as HLA-E is an attractive possibility. HLA-E has very 

limited polymorphism, with only two alleles in humans. While its pri-
mary function is to regulate NK cell cytotoxicity by presenting signal 
peptides from classical class I molecules, this pathway is exploited by 
several pathogens to enable immune evasion.59,60 For example, HIV Nef 
protein downregulates HLA-A and -B molecules but does not affect 
HLA-E expression, protecting infected cells from lysis by both CD8+ T 
cells and NK cells. A macaque homologue of HLA-E, Mamu-E, was found 
to play a central role in vaccine-mediated protection of rhesus macaques 
against infectious SIV challenge, via the induction of broad Mamu-E 
restricted SIV-specific CD8+ T cells.61,62 These encouraging results 
triggered a search for T cell responses to HIV peptides presented by 
HLA-E.63,64 However, successful development of a TCR-adapted therapy 
will depend on the identification of peptides that can form a stable 
complex with HLA-E. The most well characterised HIV peptide, 
Gag275-283 shows very low affinity for HLA-E in its native form, which 
raises questions regarding whether this peptide is presented in vivo at 
sufficient levels to be recognised by CD8+ T cells.65 

A further consideration for the development of soluble TCRs against 
HIV is the need to ensure coverage of viral variants that may be archived 
in cellular reservoirs. Greater diversity is seen in PLWH who initiate ART 
during the chronic phase than in acute infection. As has been elegantly 
demonstrated in clinical studies with broadly neutralising antibodies 
(bNAbs), in which the duration of post-treatment control was deter-
mined by the sensitivity of viral reservoirs to the infused antibodies, pre- 
existing escape mutations could potentially confer resistance to TCR- 
adapted therapies.66 This can be mitigated in several ways: (1) target-
ing of highly conserved viral epitopes, in which mutation is constrained 
by fitness costs, (2) engineering polyspecificity (tolerability to escape 
mutations without cross-reactivity to irrelevant antigens, as discussed 
earlier), and (3) combination strategies. The latter could comprise a 
combination of two or more ImmTAV molecules with different speci-
ficities and/or combining with a complementary targeting domain such 
as a bNAb or a DART. Finally, engineering of multispecific molecules 
could provide advantages over combinations by reducing complexity in 
manufacturing and clinical dosing.67,68 The modularity of the ImmTAX 
platform is exemplified by a recent study that showed how an alternative 
effector function, a PD-1 agonist, can be incorporated for application to 
autoimmune disease, paving the way for new formats of TCR 
therapeutics.69 

Fig. 4. ImmTAV molecules aim to overcome the failure of natural HIV-specific CD8+ T cells to eliminate HIV reservoirs.  
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C. Antoniadi, F.H. Côrtes, W.G. 4 (Targeting the provirus), S. Valente, O.S. Søgaard, 
R.S. Diaz, M. Ott, R. Dunham, S. Schwarze, S.P. Patrigeon, J. Nabukenya, W.G. 5 
(Targeting the immune system), M. Caskey, B. Mothe, F.S. Wang, S. Fidler, D. 
SenGupta, S. Dressler, M. Matoga, W.G. 6 (Cell and gene therapy), H.-P. Kiem, P. 
Tebas, C. Kityo, B. Dropulic, M. Louella, K.T. Das, W.G. 7 (Paediatric remission and 
cure), D. Persaud, A. Chahroudi, K. Luzuriaga, T. Puthanakit, J. Safrit, G. Masheto, 
W.G. 8: (Social cure) behavioral and ethical aspects of, K. Dubé, J. Power, J. 
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