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Abstract

This paper points to a potential antagonism between Human T-lymphotropic virus 1 (HTLV-1) and John Cunningham

virus (JCV). Similarities between HTLV1 protease and JCV capsid protein, when compared in silico, offer a possibility

of an interaction between the two viral proteins which could influence lymphoma survival rates and the risk of

developing this disease.

Introduction

Leukemia and lymphomas are cancers of white blood cells, distinction being in the type of tissue they originate from. In

both leukemia and lymphoma, T-lymphocytes and/or B-lymphocytes are commonly affected. Adult T-cell leukemia (ATLL)

is associated with Human T-cell Leukemia (Lymphoma) Virus (HTLV1), a retrovirus sharing many similarities with HIV1.

While both retroviruses infect the T lymphocytes, HTLV1 can also infect other cell types [1]. HIV1 and HTLV1 differ in their

pathogenic mechanisms: HIV1 induces death of CD4 lymphocytes, leading to AIDS, while HTLV1 transforms the

lymphocytes into cancer cells via its Tax protein, leading to leukemia or lymphoma [2]. Tax deregulates multiple signaling

pathways, promoting cell proliferation and inhibiting apoptosis [3]. HTLV1 has also been found to transform B-lymphocytes,

suggesting its potential role in B-cell lymphomas [4].

The polyproteins of HIV1 and HTLV1 show significant similarities. So it is no surprise that HIV1 inhibitors have been found

to also inhibit HTLV1 enzymes, for example HIV1 protease inhibitors, darunavir and indinavir, showed strong inhibition of

HTLV1 protease. [5].

Main content

A study assessing HTLV1 prevalence in non-Hodgkin's lymphoma (NHL) patients found HTLV1 in 18.8% of samples,

conclusion being that NHL patients should be screened for and treated against this virus [6]. Another study explored

prevalence of polyomaviruses, JCV and BKV, in lymphoma patients, revealing a higher survival rate in those patients with

detected polyomaviral DNA in serum [7]. JCV antibodies were also more prevalent in the healthy control group compared
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to NHL patients, 59% of control group had antibodies to JCV detected, in comparison 49% of NHL patients had antibodies

to JCV detected [8].

Comparative analysis of JCV and HTLV1 proteins with BLAST showed short peptide alignments, indicating potential

similarities. Best alignment was between JCV capsid protein and HTLV1 polyprotein:

Query: Capsid protein [JC polyomavirus type 3], accession number: 4X0Y_A

Subject: Pr gag-pro [Human T-cell leukemia virus type I], accession number: NP_057861.1

In the HTLV1 polyprotein, aminoacid sequence from 459 to 563 is an aspartate protease whose function is to split the

retroviral polyproteins into functional parts.

Alignment sequence between JCV VP1 capsid protein and HTLV1 polyprotein overlaps with the aminoacids of HTLV1

protease, so we will compare the JCV capsid protein with HTLV1 protease further.

Crystal structure of HTLV1 protease (method X-ray diffraction) is taken from RCSB Protein Data Bank [9][10], and same for

the crystal structure of JC polyomavirus VP1 capsid protein [11][12].

Figure 1. Left is JCV capsid protein VP1 consisting of five identical chains (A, B, C, D, E). Right is HTLV1 protease consisting of six identical chains
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Figure 1. Left is JCV capsid protein VP1 consisting of five identical chains (A, B, C, D, E). Right is HTLV1 protease consisting of six identical chains

(A, B, C, D, E, F).

Both proteins form a ring like structure with their identical chains, JCV capsid VP1 with five chains, and HTLV1 protease

with six chains. From the top view, the diameter of the surface of the ring is between 60 and 70 Å for both proteins.

Figure 2. Side view of the proteins. Left is JCV capsid protein VP1. Right is HTLV1 protease. Alignment sequences on both proteins are marked

purple.

From the sideview, JCV VP1 capsid protein is around two times longer than HTLV1 protease. That is because the chains

of VP1 that form the ring are longer than chains of HTLV1 protease (272 aa compared to 116 aa).

Figures 3 and 4.  HTLV1 protease has a catalytic sequence “dtg” on each protein chain that creates the active site. It is marked with red color (left)
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and we can see that two neighboring chains (A – B, C – D, E – F) have their “dtg” motifs next to each other and so the active site is created by

repeating motifs between neighbor chains. On the right, the “igrdalqqcqgvly” alignment sequence is marked purple on each chain and we can see

that it is close to the “dtg” active site and surrounds it.

Figures 5 and 6.  HTLV1 protease and its active sites surrounded by the alignment sequences (left). On the right is a closer view of the active site

between chains A and B of HTLV1 protease. Aminoacids of the catalytic motifs (“dtg”) between the chains are less than 3 Å apart, and aminoacids

belonging to the sequence that aligns with the JCV VP1 capsid protein are less than 5 Å apart from the catalytic motif.

The alignment sequence on the HTLV1 protease undoubtedly interacts with the active site of the HTLV1 protease.
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Figures 7 and 8.  JCV VP1 capsid protein (left) with alignment sequences “vggealelqgvvf” marked purple on each chain. Distances between the

beta sheets of the alignment sequences on each neighboring chain are approximately 35 Å and form a pentagon like shape. On the right is HTLV1

protease with alignment sequences “igrdalqqcqgvly” marked purple on each chain. Here the alignment sequences between chains A-B, C-D and E-

F are positioned in such a way that they are very close and wrap around the catalytic site. Pairs of these sequences that wrap around the active

sites are however distant from each other. Distances between the beta sheets of alignment sequences between A–C–E are approximately 35 Å and

form a triangle like shape.

Discussion

Even though HTLV1 is a known cancer causing virus in humans, testing for this virus is rarely done and there are few

population studies [13].

The detection of polyomavirus DNA in lymphoma patients is associated with longer survival times [7]. Additionally, the

healthy control group exhibits a higher seropositivity for JCV polyomavirus [8]. This intriguing correlation hints at a yet

unexplained protective mechanism conferred by JCV polyomavirus, warranting further investigation. One possibility is

virus antagonism between HTLV1 and JCV.

The 3D structures of JCV VP1 protein and HTLV1 protease show several similarities, main ones being: similar diameter of

the protein ring surface (approximately 65 Å), similar number of identical aminoacid chains creating a quaternary structure,

aligned sequences create a beta sheet secondary structure in both proteins, distances between the aligned beta sheets

between neighboring chains in both proteins are approximately 35 Å.

Aligned sequences in HTLV1 protease wrap around the catalytic site and affect it due to closeness of the aminoacid

residues and the active site.

Because of the similarities in structure and the similarity of the short aligned sequences, it is possible the two proteins

have similar enough epitopes that an antibody raised against one protein could also recognize and bind to the other

protein. This phenomenon is known as cross-reactivity [14].

Another possibility is interference between the two similar proteins during virus assembly. For example JCV capsid

proteins might bind the HTLV1 protease during capsid self-assembly because capsids of polyomaviruses can integrate

their proteins in many different spatial configurations [15]. JCV capsid protein competing with HTLV1 protease for the

protease substrate could also be the case.

To test these theories several experiments need to be designed. For virus antagonism in vitro, cell cultures co-infected

with HTLV1 and JCV compared to control groups infected with just HTLV1 and JCV separately can be observed, and in

case of antagonism viral titration should be lower in the co-infected cultures.

To test inhibition of HTLV1 protease with JCV VP1 capsid protein, activity of HTLV1 protease can be tested with JCV VP1

present compared to its activity where JCV VP1 is not present.
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To test binding of HTLV1 protease with JCV capsid, a marked HTLV1 protease or HTLV1 polyprotein can be mixed with

JCV infected cell cultures and then observed, after JCV purification, if it was incorporated into the capsid.

Finally for the antibody cross reactivity, antibodies raised against JCV capsid proteins can be tested on HTLV1 polyprotein

or HTLV1 protease.

Perhaps more importantly, more research should be done regarding HTLV1 and its effect on cancer considering if the

inhibition of HTLV1 by JCV is proven true and does effect increased survival of lymphoma patients then inhibition of

HTLV1 by antiretroviral drugs would also have a positive effect on survival.

Conclusion

Understanding the connection between viruses and tumors is crucial for cancer treatment. HTLV1, a known lymphoma-

causing virus, presents an avenue for potential therapies. Polyomaviruses, contrary to expectations, showed a protective

effect against lymphoma in two different experiments. The similarities between HTLV1 protease and JCV capsid protein

raise questions about potential antagonistic effects between the viruses or potential enhancement of immune response to

HTLV1 due to presence of JCV proteins. These hypotheses require further investigation in controlled conditions for

validation.
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