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To the Editor: We read with great interest the article by Shah et al., demonstrating human endogenous retrovirus K
(HERV-K; HML-2) overexpression in glioblastoma multiforme (GBM) and its role in maintaining stemness and
tumorigenesis (1). This article coincided with our findings from metagenomic analyses on the potential involvement of
viruses in GBM etiology. Using and comparing two different bioinformatic approaches, we discovered HERV-K113 in the
GBM tissues tested and validated these combined results by PCR and RT-PCR. In analyzing GBM-related samples (15
samples) downloaded from three Sequence Read Archive (15 samples) studies with the centrifuge metagenomics
classification tool (2), many reads aligned to HERV-K (Figure 1A, the flow of reads from the left side of the graph through
different viral taxonomic units eventually identifies a viral species on the right). Furthermore, compared with our analysis
of normal brain samples (3 samples), HERV-K113 viral abundance was only detected in GBM samples. The results of
this analysis were compared to our long-read sequences of GBM samples (2 samples), and we analyzed the subsequent
metagenomic classification using NCBI BLAST (Figure 1B, BLAST summary of a GBM sample; the graph displays the
total read lengths and number of reads for different viruses on the y axis, while the x axis shows the log scale for these
variables). To confirm the outcomes of the metagenomic [...]
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LETTER TO THE EDITOR

Metagenome analyses identify human
endogenous retrovirus-K113 (HML-2) subtype

in glioblastoma

To the Editor: We read with great interest the article by Shah
et al., demonstrating human endogenous retrovirus K (HERV-K;
HML-2) overexpression in glioblastoma multiforme (GBM) and
its role in maintaining stemness and tumorigenesis (1).

This article coincided with our findings from metagenom-
ic analyses on the potential involvement of viruses in GBM
etiology. Using and comparing two different bioinformatic
approaches, we discovered HERV-K113 in the GBM tissues test-
ed and validated these combined results by PCR and RT-PCR.
In analyzing GBM-related samples (15 samples) downloaded
from three Sequence Read Archive (15 samples) studies with
the centrifuge metagenomics classification tool (2), many
reads aligned to HERV-K (Figure 1A, the flow of reads from the
left side of the graph through different viral taxonomic units
eventually identifies a viral species on the right). Furthermore,
compared with our analysis of normal brain samples (3 sam-
ples), HERV-K113 viral abundance was only detected in GBM
samples. The results of this analysis were compared to our long-
read sequences of GBM samples (2 samples), and we analyzed
the subsequent metagenomic classification using NCBI BLAST
(Figure 1B, BLAST summary of a GBM sample; the graph dis-
plays the total read lengths and number of reads for different
viruses on the y axis, while the x axis shows the log scale for
these variables). To confirm the outcomes of the metagenomic
analyses and to evaluate which region of the HERV-K113 might
be of importance, PCR primers were designed to target specific
areas of HERV-K113, as identified in the alignment results of
the BLAST analysis (Figure 1C).

RT-PCR was performed on the isolated RNA from these sam-
ples using long range 1 and 2 (LR1 and LR2) primers, revealing 50%
and 60% positivity, respectively. (Figure 1D, results of RT-PCR
using LR1 [expected product size, 2,719 bp] and using LR2 primer
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[expected product size, 2,750 bp]). Sanger sequencing of all PCR
products confirmed HERV-K113. PCR products of LR1 revealed
a sequence identity of 97% to HERV-K113 — the query sequence
clustered with an integrated HERV-K (HML-2) sequence (HML-
2 19p12b). Using LR1 primers, the HERV-K113 polyprotein was
identified as the longest ORF on the first frame of the positive
strand, with which it shared 93.5% sequence identity. Our data sug-
gest that the HERV-K113 sequences are integrated into the GBM
genomes and transcribed. Specific hits for the conserved domain
of the reverse transcriptase (RVT_1) protein were identified with
OREF predictions by long-range PCR products (Figure 1E).

Amanda Macamo, Jan Beckervordersandforth,
and Axel zur Hausen

Department of Pathology, GROW - School for Oncology and Reproduction, Maastricht University
Medical Centre, Maastricht, Netherlands.

1. Shah AH, et al. Human endogenous retrovirus K contributes to a stem cell
niche in glioblastoma. ] Clin Invest. 2023;133(13):e167929.

2.Kim D, et al. Centrifuge: rapid and sensitive classification of metagenomic
sequences. Genome Res. 2016;26(12):1721-1729.

Conflict of interest: The authors have declared that no conflict of
interest exists.

Address correspondence to: Axel zur Hausen, Department of
Pathology, Maastricht University Medical Center, P. Debyelaan
25, 6229 HX Maastricht, Netherlands. Phone: 31.433874634;
Email: axel.zurhausen@mumec.nl.

See related response: https://doi.org/10.1172/)CI176406.




LETTER TO THE EDITOR The Journal of Clinical Investigation

A 2150 habaculovia i'ii‘thorjgoneurafgmiferana granulovirus Figure 1. Identification of HERV-K113
27 nabaculovirus 13 razilian marseilevirus in GBM. (A) Centrifuge metagenomics
489 . S pctabaculovirus - 28816umouvirus o -
3_3‘iv| .l‘l"”f’,a: 424 1arseillevirus . classification analysis. D, dogma;
= 4.7 . .
ianr,sii'mz\gg o 3 K, kingdom; P, phylum; F, family; G,
IPhycodnaviridae 84 Be"" 58058 virus genus; S, species. (B) BLAST summa-
) Oryzopoxvirus ry. (€) Map of locations of HERV-K113

470 LR primers. (D) Gel electrophoresis. (E)

28 158?;3""“ betaherpesvirus 3 Conserved domain. The bold letters

y ~ 22preplasmiviricota 102 > rmenosvirus syn9 ;

151k 983K / R84, ciiine LeaYomegRlvInuS in the sequence, represent the part of

) 131 M Herpesviridae  L585rmgnosyirus isi i

f : Sbepl a 208K o oviridae AT ow orthohantavirus thle query sequ?nce that is identical
/M'Schmallenberg orthobunyavirus (hit) to the subject (RVT_1).

rthiohantavirus 148kimpy orthobunyavirus

~—
1:‘w/—wkon:fﬁmyavirus
nyaviridae

iricota—34%erity
39 : : =
11 M{.;ebwrae g 53_‘,116 Pisuviricota serk . - 2B%andoravirus
5? rthornavir. S l5‘\rtverviricota—'ﬂketfevifidae—s'2—"«"E}ammaretmvirusl&‘l'i—iuman endogenous retrovirus K
- avirae

125 Sangervirae 14396Cossaviricota
Shotokuvirae Cressdnaviricota

roviricota

2 Zilligvirae
T T T T T 1
D K P F G s
s
B Shamonda virus g5
Thermus phage o
Pseudomonas phage

Streptococcus phage

Simbu virus

Bacillus phage
Choristoneura fumiferana

Staphylococcus prophage

Proteus phage

Human endogenous retovirus K113
Staphylococcus phage

Baboon cytomegalovirus

BeAn 58058

DTotal read length B Number of reads

(9194 .. 9217)
LR 3Rv

LR3 Ry LR Primer 1
(690 .. 713)

LR 2 Fw
(1041 .. 1064)

Human endogenous retrovirus K113 LR Primer 2
9472 bp

(6746 .. 6773)

(6661 .. 6684)
LR 3 Fw

(3768 .. 3791)
LR 1 Fw

(40SS .. 4078)
E 1 15 30 45 60 ® 9 105 120 135 150
(T T T L N T R N T T N R T T T A A T T T T T A A T
Query seq,  HLTOLRAYNAYLOPHGPLOPGLPSPANIPKOUPL 11 IDLKOCFFT IPLAEQDCEKFAFT IPAINNKEPATRFOUKYLPQGHLNSPTICOTFYGRALOPFROKF SOCY ITHYIDDILCARETKDKLIDCYTFLOAEVANAGLATASOKIATSTF
Active site —
NTP binding ste Nucleic acid biding site
Specific hits
Non-specific RTRby
hits
Superfanilies RT_like superfamily

2 J Clin Invest. 2023;133(24):e173959 https://doi.org/10.1172/JCI1173959



