(Appended form No. 3)

Abstract of Doctoral Thesis

Name: Didik Pramono

Title: Co-option of truncated envelope proteins derived from endogenous retroviruses in mammals

(LB T ANEEL e A VAR e —7 4% R 7 E oAl

Abstract of thesis:

Retroviruses are RNA viruses that infect a broad range of vertebrate hosts, including mammals. Retroviruses
are uniquely capable of utilizing reverse transcriptase to convert their RNA genome into DNA, which can
then be integrated into the host genome. Retroviruses in the family Retroviridae are classified into two
categories: exogenous retroviruses (exRVs) and endogenous retroviruses (ERVs). A significant proportion of
ancient retroviral sequences, designated ERVs, are known to infect germ cells, integrate into the host genome,
and are vertically transmitted to the offspring. This process contributes significantly to the generation of
ERVs in the mammalian genome via repeated germline reinfection. ERVs are inactivated through methylation
and accumulation of mutations, including those involving nucleotide substitutions, deletions, and insertions.
Viral gene changes may alter the function of the encoded proteins. The proviral genome is comprised of three
major genes: gag, pol, and env. The env genes encode the surface (SU) and transmembrane (TM) subunits
that facilitate targeting and entry into specific cell types for infection. Defective env-ERV is an Env protein
with a signal peptide and SU subunit but contains a premature stop codon and a lack or partial deletion of the
TM subunit. Moreover, env-ERVs may be crucial for physiological functions in the host, including
maintenance of homeostasis, placentation, innate immunity regulation, and restriction of infection. This study
examines the molecular interactions between viruses and hosts, focusing on events in the evolution of viruses

and env-ERV functions.

In Chapter One, I investigate the truncated Env protein, FeLIX, which functions as a restriction factor for
mammalian retrovirus infection. The feline leukemia virus (FeLV) is a Gammaretrovirus endemic to
domestic cats worldwide. FeLV is associated with the development of malignant hematopoietic disorders in
cats, including lymphoma and immunodeficiency. FeLV is classified into several subgroups (A, B, C, D, E,
and T) based on the viral receptor interference or receptor usage. The transmission of FeLV-B does not occur
among domestic cats, and in vivo experimental infections are resistant to FeLV-B. It has been suggested that
the presence of enFelV is associated with this phenomenon. The absence of enFeLV in Florida panthers
infected with FeLV-B highlights an association between enFeLV and FeLV-B. However, the molecular
mechanisms underlying the restriction of FeLV-B infection in domestic cats remain unclear. The soluble Env
protein derived from ERVs functions as a cofactor that assists in FeLV-T infection. However, we show here
that soluble Env protein exhibits antiviral activity and provides resistance to mammalian retroviral infection

through competitive receptor binding. This finding may explain why FeLV-B transmission is not observed in
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domestic cats.

In Chapter Two, I characterize the ERV-derived placenta-specific soluble protein, EnvV-Fca, from domestic
cats. While investigating the expression of ERV env genes in domestic cats, we discovered that EnvV-Fca is
closely related to EnvV2-Hum. EnvV-Fca was specifically detected in the placental trophoblast
syncytiotrophobic layer and expressed as a secreted protein in cultured cells. Genetic analyses have indicated
that the EnvV2 genes are widely present in vertebrates and are under purifying selection among carnivores,
suggesting a potential benefit to the host. Moreover, these findings suggest that birds, bats, and rodents
carrying EnvV2 play significant roles as intermediate vectors in the spread or cross-transmission of viruses

among species.

In Chapter Three, I focus on the evolution of endogenous koala retrovirus, which may function as a restriction
factor for koala retrovirus subtype-A (KoRV-A). KoRV is currently transitioning from an exRV to an ENV;
therefore, we elucidated the co-evolutionary processes of retroviruses. By searching public databases, we
identified endogenized-KoRV truncated envelope (env) genes that were expressed. Of these, five truncated
env genes were selected and constructed as expression vectors to determine their viral inhibitory effects. We
found that some KoRV-truncated Env proteins inhibit KoRV-A infection. In addition, a frameshift mutation
in the truncated env gene affected the level of inhibition. This study shows that the evolutionary process of
ERVs is consistent with the ongoing endogenization of retroviruses. Our findings demonstrated that the
evolutionary arms race between viruses and koalas emerged as a viral resistance factor. Furthermore, we
investigated the receptor usage of KoRV-A, KoRV-related retroviruses, and FeLV-B. I observed that koala
Pitl (koPitl), but not koPit2, is permissive to KoRV-A, WMV, and FeLV-B infection. GALV and HPG use
koPitl and koPit2 as receptors. Our findings suggest that interspecies transmission of KoRV-related

retroviruses may occur via the Pitl receptor.

In conclusion, this study provides evidence for the characterization and functions of defective env-ERVs as
antiviral agents against mammalian retroviruses. Furthermore, this study contributes to the fundamental
understanding that soluble Env proteins restrict retroviruses from diverse host species, implying that their
functions may support host immunity and antiviral defenses by controlling retroviral spread. Furthermore,

this study provides an evolutionary scenario for host-pathogen interactions.
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