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ABSTRACT

Specific language impairment (SLI) is a psychiatric
condition with a complex etiology and a substantial ge-
netic basis that affects children’s verbal communication
abilities. In this study, we examined the expression of five
different human endogenous retrovirus elements (HERVs)
in a cohort of 25 children with SLI and 25 healthy chil-
dren in the control group. Human endogenous retrovirus
elements, a diverse group of repetitive DNA sequences,
can potentially cause considerable genetic heterogeneity.
They had been integrated in the genome of our ancestors
throughout evolution and now consist of about 8.0% of
the human genome. Several HERV loci are transcribed in
various cell types. Their expression in peripheral blood
and in the brain is altered in many neurological and psy-
chiatric diseases. To date, HERV expression profiles have
never been studied in patients with SLI. This study aimed
to elucidate differentially regulated human endogenous
retroelements in peripheral blood of children with SLI, in
comparison with healthy controls, through quantitative re-
verse tran-scription-polymerase chain reaction (QRT-PCR)
methodology. Our results show that two genes: HERV-K
(HLM-2) gag and HERV-P env were expressed at lower
levels in the blood samples from SLI children in compari-
son with those in the control group.
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INTRODUCTION

The term “specific language impairment (SLI)” de-
scribes a condition affecting children’s communication
skills that are not caused by any organic damage of the
brain, vocal apparatus and sensory systems, or by a perva-
sive disorder or another type of mental developmental dis-
ability [1]. Non-verbal intellectual capacity of the children
with SLI is never altered in any way. This condition is rela-
tively common, around 7.0% of the children in pre-school
age are diagnosed with SLI [2]. The etiology of SLI has
still not been fully elucidated. Many researchers suggest
the involvement of genetic and environmental causes.
Twin studies have shown that SLI is a condition with a
strong genetic basis [3]. Currently, numerous molecular
genetic studies, including, gene expression, candidate gene
association analyses and genome-wide association studies
(GWAS) have identified particular genes and chromo-
somal loci associated with the disease state, forkhead box
P2 (FOXP2) and contactin-associated protein 2, (CNT
NAP2) on chromosome 7; calcium-transporting ATPase
2C2 (ATP2C2), and C-MAF inducing protein (CMIP) on
chromosome 16 [4-8].

From another point of view, human endogenous ret-
rovirus elements (HERVs) are known to be associated with
many neuropathological and non-neurological diseases
with complex etiologies, such as autism, multiple sclerosis,
schizophrenia and different types of cancer. Human endog-
enous retrovirus elements have derived from ancient in-
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fectious retroviruses that, in many particular evolutionary
stages, had integrated into the genome of the germline cells
of our ancestors in evolution and started to be conveyed in
a vertical fashion through many generations. At present,
about 8.0% of the human genome is occupied by endog-
enous retrovirus elements [9]. The HERVs are composed
of two long terminal repeats (LTRs) and four genes, gag,
pol, pro and env. The gag gene encodes a group-specific
antigen that serves as a retroviral capsid protein. Another
gene, pro, codes for the viral protease, while po/ contains a
reverse transcriptase coding region. A HERV element dif-
fers from other LTR retrotransposons by the presence of the
env gene encoding viral membrane proteins. Long terminal
repeats contain many regulatory elements such as promot-
ers, enhancers and polyadenylation signals required for
retroviral gene expression [10,11]. All human endogenous
retroviruses nowadays are transposition-incompetent and
carry various deletions. Despite the absence of apparent
transposon activity, HERVs are classified as transposons
based on the evidence of transposition during the past
human evolution and on the existence of several animal
ERVs that have retained their mobility within the host
genomes [10,12,13].

Human endogenous retroviruses are divided into
families, predominantly depending on the primer bind-
ing sites, sequences complementary to the 3’ end of a cell
tRNA. For example, HERV-K and HERV-W indicate that
tRNALys and tRNATry are used as reverse transcription
primers, respectively. This terminology is not related to
the chronology of their discovery or their functions in the
human genome [10,14-16].

To date, HERV expression profiles have never been
studied in patients with SLI. This study aims to elucidate
differentially regulated human endogenous retroelements
in peripheral blood of children with SLI, in comparison
with healthy controls, through quantitative reverse tran-
scription-polymerase chain reaction (QRT-PCR) method-

ology.

MATERIALS AND METHODS

Participants. This study included a group of 25 chil-
dren with SLI and 25 age- and sex-matched healthy con-
trols. All participants were Bulgarians. None of them had
received any medications before blood sampling. The SLI
patients met the diagnostic criteria according to Diagnostic
and Statistical Manual of Mental disorders, 4th edition
[17]. Briefly, these criteria include: 1) language perfor-
mance, evaluated using standard tests, is two standard
deviations below the limit for the respective child’s age;
2) verbal skills are at least one standard deviation below
the non verbal IQ for the respective child’s age; 3) there
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are no observable neurological and sensory incapacities
or physical impairments that directly affect use of spoken
language, nor a pervasive developmental disorder; 4) dif-
ferential diagnosis is made with respect to the receptive
language disorder (comprehensive skills more than two
standard deviations below the limit for the child’s age) and
expressive language disorder (comprehension is within the
two standard deviations from the age level limit); 5) the
language impairment affects the academic or occupational
achievement or with social communication [17-18]. Chil-
dren were accessed by a multi disciplinary team of child
and adolescent psychiatrists and psychologists. Clinical
assessment included a standard interview with the parents,
free communication with the child and free play. All chil-
dren who were clinically positive for language delay, vo-
cabulary reduction and limited sentence structure as child
language capacity is significantly below what is expected
were referred for standard testing with age appropriate and
standardized for the country test (HAWIK-R, Manova-
Tomova test, Stanford-Binet Intelligence Scale). Clinical
data we obtained from the patients were summarized as
follows: mean 1Q 85.67 (£ 12.669); verbal 1Q 85.27 (+
9.376) non verbal 1Q 86.93 (= 10.498). All patients who
have shown significant difference between verbal and non-
verbal development, have had no other developmental
disorder signs [autism sepctrum disorder (ASD), attention
deficit hyperactivity disorder (ADHD), learning disorder
(LD)], were included in the study. Patients with behavior
problems such as oppositional, defiant and/or negative
behavior, were not excluded.

From all the patients referred, four were excluded,
two due to an IQ below 70 and two due to no difference
between verbal 1Q and non-verbal IQ. From all tested pa-
tients in 20, HAWIK-R was used, in three Manova-Tomova
test and in two Stanford-Binet Intelligence Scale. The
control group individuals were not tested with specialized
developmental tests, just standard clinical testing.

Ethics Statement. Ethical admissibility of the study
design and the informed consent form was confirmed by
the Ethics Committee of Plovdiv Medical University. The
Institutional Review Board approved the use of peripheral
blood samples in this study. Written informed consent was
obtained from the parents of the children in both study
groups, with SLI and the typically developing children
of the control group. All parents were informed of the
aims and the procedures of this study prior to giving their
informed consent. All personal information was kept in
strict confidence.

Blood Collection, Sample Storage and RNA Isola-
tion. A total amount of 2.5 mL peripheral blood from each
participant (SLI or healthy) was drawn directly in a PAX-
gene blood RNA monovette (PreAnalytiX GmbH, Hom-
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brechtikon Switzerland), according to the manufacturer’s
protocol. All samples were kept at —20 °C and thawed at
room temperature for 8 hours, prior to RNA extraction.
All procedures required for total RNA isolation were per-
formed using the PAXgene blood miRNA kit (PreAnalytiX
GmbH, Feldbachstrasse Switzerland), according to the
manual purification protocol. RNA quantity (absorption
at 260 nm) and purity (A260/A280 ratio) were measured
using the Epoch Micro-Volume Spectrophotometer System
(BioTek, Winooski, VT, USA). Only A260/A280 ratios
higher than 1.8 were considered acceptable.

Quantitative RT-PCR Analysis of HERV Expres-
sion. We analyzed the expression of five HERV genes:
HERV-K (HLM-2) gag, HERV-K env, HERV-W pol,
HERV-P env, and HERV-R env, using a relative qRT-
PCR method. An amount of 1 ug total RNA from each
sample was subjected to DNAse I treatment using RQ1
RNase-Free DNase (Promega, Madison, W1, USA) These
DNAse treated aliquots were then used for cDNA syn-
thesis using Maxima First Strand cDNA Synthesis Kit
(Thermo Scientific, Waltham, MA, USA) and oligo-dT/
random hexamere primers. Reverse transcription reactions
were set as follows: 11 UL of total RNA, 4 LLL 5 X reaction
mix (with the oligo-dT/random hexamere primers), 2 uL
Maxima Enzyme Mix (Thermo Scientific), and nuclease
free water to a final volume of 20 uL. The qRT-PCR was
performed using Maxima SYBR Green qPCR Master Mix
(Thermo Scientific) in an ABI PRISM® 7500 real-time
thermal cycler (Applied Biosystems, Waltham, MA, USA).
Each sample was normalized using the GAPDH gene as
endogenous control. Experiments were performed in du-
plicates. Each experiment was completed with a melting
curve analysis to confirm the specificity of amplification
and the lack of non specific amplification (Figure 1). Ex-
pression levels of HERV genes were obtained by relative
quantification according to the 2722 method.

Primer Sequences. Individual cDNA samples from
SLI (25) and healthy controls (25) were analyzed using a
gRT-PCR assay. All primer pairs used for real-time PCR
reactions are summarized in Table 1. The two separate
HERV-K primer pairs produced amplicons located on dif-
ferent genome sites that are not related to each other.

Table 1. The HERV-specific qRT-PCR primer pairs.
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RESULTS

Identification of Differentially Expressed HERV
Genes in SLI. Using the relative quantification real-time
PCR approach described by Livak ef al. [19], we meas-
ured the expression levels of all five HERV genes we
studied: HERV-K (HLM-2) gag, HERV-K env, HERV-W
pol, HERV-P env, and HERV-R env. Each of the HERV-
specific primer pairs used in the procedure was tested on
serial dilutions of pooled genomic DNA samples in order
that we check the specificity of amplification. We chose
the housekeeping gene GAPDH as an endogenous control
based on its negligible overall variance in the samples.
Additionally, we checked the Ct values we obtained for
each gene in each cDNA sample. Only Ct differences no
greater than 0.2 between the technical replicates of every
sample were considered acceptable.

Calculated mean levels for the five HERV genes are
shown in Figure 2. The data we obtained is presented as a
relative fold difference (log2) for each gene. Differences
in expression between the two groups of individuals were
evaluated using the Wilcoxon-Mann-Whitney test. The
HERV-K (HML-2) gag and HERV-P env transcript levels
appeared to be significantly lower (Mann-Whitney U test
p value <0.05) in the group of children with SLI compared
with those in the control group (Figure 3). The other three
genes studied: HERV-K env, HERV-R env, HERV-W pol,
did not show statistically significant changes between the
two groups. Statistical significance is defined as p value
of <0.05 combined with an absolute fold change of >1.4.

In order to determine whether the expression levels
of HERV-K (HML-2) gag and HERV-P env can serve
as potential discriminative biomarkers, we performed a
receiver operating characteristic (ROC) analysis of the
data from the qRT-PCR experiment. The ROC analysis
is widely used statistical method for assessing the ability
of a potential test marker to distinguish between disease
carriers and healthy individuals. It provides a statistical
model that presents the sensitivity (or the true positive
fraction) of the marker as a function of the false positive
fraction (defined as 1-specificity) of the same marker
at multiple thresholds. Discriminative performance is

HERYV Gene Forward Primer (5°>3°) Reverse Primer (5°>3°)

HERV (HML-2) gag |GGC CAT CAG AGT CTAAAC CAC G CTG ACT TTC TGG GGG TGG CCG
HERV-K env GGG TAC CTG GCC CCATAG AT CAT CAT CCCTTC TTC CTCAGG TT
HERV-W pol TGA GTC AAT TCT CAT ACC TG AGT TAA GAG TTC TTG GGT GG
HERV-P env CAA GAT TGG GTC CCCTCA C CCT ATG GGG TCTTTC CCT G
HERV-R env CAT GGG AAG CAAGGGAACT CTT TCC CCA GCG AGC AAT AC

HERV: human endogenous retrovirus elements; qRT-PCR: quantitative reverse-transcription polymerase chain reaction.
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Figure 1. Melting (dissociation) curve analysis of the five
HERV-encoded genes and the endogenous control used for
normalization. A specific single peak was detected in the
dissociation curves for all amplicons in every SLI and control
sample. Panel A: HERV-K (HML-2) gag amplicons with a
melting temperature 80.4 °C £ 1 °C. Panel B: HERV-K env with
a melting temperature 77.7 °C £ 1 °C. Panel C: HERV-P env
amplicons with a melting temperature 78.7 °C = 1 °C.

Panel D: HERV-R env with a melting temperature 77.9 °C+ 1 °C.
Panel E: HERV-W pol amplicons with a melting temperature
76.9 °C + 1 °C. Panel F: GAPDH with a melting temperature
80.8°C+t1°C.

assessed by the area enclosed between the ROC curve
and the X-axis of the graph, and this area is known as
area under the curve (AUC). A greater AUC represents a
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Figure 2. Differential expression of HERV in children with SLI
(data presented in logarithmic scale). The qRT-PCR analysis of
gene expression revealed that levels of HERV-K (HML-2) gag
and HERV-P env were at least 1.4-times lower in the children

with SLI compared to those in the control group (1.41- and
1.67-fold change for HERV-K (HML-2) gag and HERV-P env,
respectively). Quantitative evaluation of the other three genes:
HERV-K env, HERV-R env and HERV-W pol, found no significant
changes in expression between the two groups.
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Figure 3. Relative quantitation of differentially expressed HERV
genes in SLI children and healthy controls. Data is presented

in box plot diagrams with linear scale. The HERV levels in the
control are normalized to 1.

more accurate discrimination between individuals with
the disease and no disease. A single point on the ROC
curve represents a particular sensitivity value for a given
specificity. Since there is a 50.0% chance to predict the
health status of an individual (disease or no disease) only
by random guessing, a 50.0% discrimination accuracy of
a given marker is possible, but statistically meaningless.
Thus, the AUC value can never be lower than 0.5, and
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Figure 4. Receiver operating characteristic curve analysis on
differential expression data for HERV-K (HML-2) gag and
HERV-P env. The ROC curves were calculated using MedCalc
(https://www.mecalc.org) commercial statistical software.
Random predictive accuracy (AUC value of 0.5 that corresponds
to a 50.0% chance of discrimination by pure guessing) is denoted
by a diagonal line. The ROC curves were plotted for HERV-K
(HML-2) gag and HERV-P env that yielded 0.828 and 0.858 AUC
values, respectively.

even the worst test marker can meet a 50.0% predictive
accuracy. This random chance is often presented on the
ROC curve plot as a dotted diagonal line. The ROC curve
was plotted and the AUC values with corresponding 95%
confidence intervals (95% CI) were calculated as follows:
AUC 0.812 (95% CI: 0.696-0.928) for HERV-K (HML-2)
gag and 0.841 (95% CI: 0.736-0.946) for HERV-P env.
The ROC analysis was subsequently used to calculate di-
agnostic sensitivity and specificity. Calculated sensitivity
and specificity of HERV-K (HML-2) gag at optimal cutoff
were 72.0 and 70.4%, respectively. Moreover, HERV-P
env showed higher sensitivity 84.0% and 70.4% speci-
ficity (Figure 4). Together, these results indicate that the
observed statistically significant differences in expres-
sion of HERV-K (HML-2) gag and HERV-P env, can
discriminate between SLI cases and healthy controls with
considerable accuracy.

DISCUSSION

To date, there have been no published data on HERV
expression in the context of the SLI condition. To the
best of our knowledge, this is the first cohort study to
announce differences in transcript abundance of specific
HERYV genes in the blood of children with SLI compared
with a control group. We have studied HERV transcript
levels in peripheral blood of children with SLI. Throughout
our study we have analyzed the expression pattern of five
different HERV loci: HERV-K (HLM-2) gag, HERV-K
env, HERV-W pol, HERV-P env and HERV-R env. All
of the five genes studied appeared to be ubiquitously ex-
pressed in the peripheral blood of children in both the SLI
and control groups. Two of these, HERV-K (HLM-2) gag
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and HERV-P env, appeared to be differentially expressed
between the two groups.

Despite the growing evidence of a strong genetic basis
for SLI during the last decade, the precise genetic mecha-
nisms of SLI remain elusive. Many researchers suggest
that SLI is a multi causation condition with both genetic
and environmental factors involved. Numerous molecular
studies have established a set of SLI-associated genes
whose single nucleotide polymorphism (SNP) profile or
differential expression is of particular importance for SLI
development [20]. Despite this large amount of research
effort, no assessment of the HERV expression has been
made in the aforementioned studies.

In some cases, HERV regulatory regions and HERV
encoded products may play an important role in essen-
tial physiological processes. For example, syncytin-1 and
syncytin-2 proteins that mediate trophoblast cell fusion
during placental development, derive from HERV Enve-
lope proteins. In a recent study, Bhat et al. [21] revealed
that HERV-K Env is able to promote a considerable neu-
roprotective effect in a case of HIV infection. According
to Thompson et al. [22], and Sundaram ef al. [23], about
20.0% of all functionally active transcription factor bind-
ing sites in human and murine genomes are LTR-related.

We observed relevant changes in gene expression in
terms of a small but statistically significant reduction in
HERV-K (HLM-2) gag (1.41-fold) and HERV-P env (1.67-
fold) transcript levels. The HERV downregulation presumes
an active suppression of these elements. As HERV expres-
sion is modulated by various mechanisms, the differential
gene expression we observed is probably a result of many
factors affecting HERV regulation. Regulation mechanisms
of particular importance involve DNA methylation and
several frans-acting transcription factors [24]. Generally,
transcription of active HERV loci is mediated by a 5’-
LTR core promoter able to support transcription at a basal
level. Transcription is negatively regulated mainly by CpG
methylation at the 5°-LTR. According to Wentzensen et al.
[25], the expression of a specific member of the HERV-H
in gastrointestinal cancer cells correlates with demethyla-
tion of the 5’-LTR. The presence of enhancer sequences
within the 5°-LTRs has also been demonstrated. In addition,
several trans-acting transcriptional factors, which bind to
HERV promoters and en-hancers, have been identified:
YY1, Sp-1, Oct-1, GATA, GCM1 [24,26-28] Neverthe-
less, our RNA-seq data from a previous expression study
on pooled SLI and ASD samples [29] suggests no changes
in the expression levels of the aforementioned transcrip-
tion factors and the most DNA-methyltransferases. On this
basis, we can speculate that the observed differences in
the HERV transcript levels can be due to negligibly small
but specific changes in various gene regulation processes.
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Further efforts are still needed for a complete characteriza-
tion of HERV regulation.

The most important findings in our study were that
HERYV expression levels in blood correlate negatively with
the SLI development and may specifically discriminate
SLI patients from healthy controls. The expression profile
we obtained may be useful for the investigation of many
diseases of the central nervous system that are suspected
to be associated with the retroviral activity.

While the patient cohort was very well characterized
and representative for an SLI population, the total number
of participants was not large enough to definitively cre-
ate a model for prediction of SLI or characterize HERV
expression differences that may be more highly associated
with SLI subtypes. Due to the small sample size, analysis
of the data with respect to medication, sex, special diet,
race, ethnicity or other potential confounding covariates,
was not conclusive.

Our findings are in agreement with several other
studies in which HERV downregulation has been clearly
established [30-33]. Alterations in HERV expression occur
in various pathological conditions, in a wide variety of
cancer conditions, in inflammation reactions, and in auto-
immunity [30-33]. While a remarkable number of studies
support the overexpression of HERVs in various complex
conditions, our findings are entirely coherent with those
in which significantly lower expression levels of specific
HERYV loci has also been reported [30-36].

In spite of the fact that a vast majority of human en-
dogenous retrovirus elements are upregulated in malignant
cells, in a very few cancer cases, their expression is sup-
pressed. Syncytin-1 is described to be underexpressed in
several tumor types, which suggest its potential beneficial
effect. Syncytin-1 has been shown to be downregulated
in pancreatic adenocarcinomas, while its stable expres-
sion in a melanoma cell line correlates with restricted
cell growth [30].

Liang et al. [31] evaluated transcription of the HERV-
related gene psiTPTE22-HERV in kidney, liver, lung, and
stomach tumors in comparison with normal tissue samples.
The authors prove that psiTPTE22-HERYV transcripts were
notably lower in all tumor tissues examined. Their results
confirm that the expression of the HERV-related gene is
suppressed solely in the cancer samples and that this sup-
pression correlates with the malignancy of the cells [31].

According to Kowalczyk et al. [32], HERV-W env
expression in peripheral blood mononuclear cell (PBMC)
samples from patients with localized scleroderma, nega-
tively correlates with the severity of the disease. Moreover,
HERV-W env levels in skin samples from the patients
were distinctively lower, compared to those in the control
group samples [32].
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Lattekivi et al. [33] performed a differential expres-
sion study of HERVs in psoriasis at a whole transcriptome
level. The authors observed high expression of repetitive
elements in both patients and healthy controls. Most of
the endogenous retrovirus loci with significant changes
in expression between the two studied groups appeared
to be downregulated in psoriasis skin. The authors set a
differential expression fold change thresholds at 0.71 and
1.41 and a false discovery rate at <0.01. They discovered
downregulation of 17 HERV families in lesional and three
HERYV families in non-lesional psoriatic skin in compari-
son with healthy skin. Their findings clearly demonstrated
the global repression of the endogenous retrovirus ele-
ments in psoriatic skin. The HERV downregulation has
also been confirmed in psoriasis by Gupta et al. [34].

Weis et al. [35] discovered a substantial reduction in
the HERV-W gag gene expression levels in brain samples
from patients with schizophrenia and bipolar disorder.
Along with a noticeable overexpression of HERV-H, Bal-
estrieri et al. [36] discovered downregulation of HERV-W
in peripheral blood samples of children with autistic spec-
trum disorder. In contrast to HERV-H, HERV-W was found
to be downregulated in the autistic group compared to the
healthy controls (with less than a 2-fold change). These
results clearly suggest that HERV transcript levels can
specifically characterize a complex psychiatric condition
such as autism and serve as putative molecular markers for
it. It is noteworthy to mention that despite the small abso-
lute change, the reported HERV-W downregulation is still
considered important in terms of statistical significance.

Our results together with the vast scientific data ob-
tained by other research groups support that HERV genes
play an important role in normal cell processes. Human
endogenous retroviruses are not only “junk” or “selfish”
DNA, but also the key factors and markers for many patho-
logical conditions. Further clarification of the molecular
mechanisms and pathways in which HERVSs participate is
needed for a complete understanding of their functions in
norm and pathology.

In general, despite the huge body of evidence support-
ing overexpression of HERVs in many diseases, patholo-
gies with significantly lower expression levels of HERVs
have also been reported [30-36]. In this context, our study
presents evidence of minor (>1.4-fold), but statistically
reliable downregulation of two HERV-encoded genes.
Our finding is consistent with previous studies in which
low HERV expression has been described. Of particular
interest is the fact that differential expression of HERV-K
(HML-2) gag and HERV-P env is a sensitive marker that
can discriminate children with SLI from healthy controls.
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