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1. Abstract

1.1. Background: Spine pain is widespread due to degenerative
disc disease and facet arthropathy. Most patients improve with
supportive conservative care measures, including non-steroidal
anti-inflammatories, physical therapy, short episodes of rest, and
activity modification. Medical and interventional pain manage-
ment is reserved for those patients who do not improve within 4 to
6 weeks of standard spine care managed within the primary care
setting, after which patients are typically referred to a specialist.
Genetic conditions are rarely considered early in the differential
diagnosis and may be easily missed in non-responsive patients.

1.2. Methods: We briefly de-scribe two illustrative cases of pa-
tients with a history of chronic musculoskeletal and spinal pain,
whose delayed diagnosis led to improper utilization of medical
resources until they were diagnosed correctly and targeted person-
alized care for their painful syndromes could be instituted.

1.3. Results: After a long history of physiotherapy for sever-

al years to alleviate muscular and spine pain, a patient with lack
http://www.acmcasereport.com/

of proper control of the trunk and leg muscles causing difficul-
ties with getting up from a sitting position, walking, and climbing
stairs was diagnosed with a new mutation in the KLHL40 gene
associated with the pain syndrome of Nemaline Myopathy. A sec-
ond case a severe scoliosis with short femur leading to dwarfism
through sonography investigations was diagnosed via mutation in
exon 5 of the FGFR3 gene by WES and Sanger sequencing tests.
An aborted fetus whose parents did not carry the mutant allele as-
sociated with Autosomal dominant thanatophoric dysplasia type
I due to a de novo mutation of the FGFR3 gene associated with
increased sensitivity of nociceptors such as TNF-a.

1.4. Conclusions: Genetic factors may play a more significant role
in unrelenting musculoskeletal and spinal pain syndromes in indi-
viduals unresponsive to standard conservative care measures than
previously thought. Genetic screening, counseling, and a combi-
nation of targeted interventions aimed at alleviating the harmful
effect of the underlying gene defect and the disability associated
with painful conditions of the musculoskeletal system affecting lo-
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comotion and spinal deformity and balance should be considered
early on mainly if the index of suspicion for an underlying genetic
condition is high.

2. Introduction

A multidisciplinary, multinational research study investigating the
possibility that spine disease and disc degeneration, in particular,
could be more genetically influenced was conducted from 1991 to
2009. Investigators from Canada, Finland, and the United States
came together to identify genes that have a higher association with
spine pain related to degeneration of the intervertebral disc than
other everyday environmental and activity or work-related factors
play a role. [1-6] The study found that disc degeneration appears
to be significantly determined. The Twin Spine Study did find ev-
idence that back pain runs in families and that certain forms of
the disease may, in fact, be inherited. While the investigators were
unable to conclusively demonstrate any correlation between the
se-verity of the disease or responsiveness to treating the symptoms
— mainly pain — with any specific gene abnormalities, it became
clear that patients with lumbar disc disease are more likely to have
family members with the same symptomatic affliction with a sig-
nificantly higher risk in close and distant relatives. A similar study
0f 2256 women including 371 and 698 monozygotic and dizygotic
twin pairs and 29 sibling pairs and 60 singletons with a mean age
of 50 years (18-84) corroborated the Twin Study findings by iden-
tifying higher risk for low back pain in monozygotic co-twin and
dizygotic co-twin. [7] Published in 2011, risk factor adjusted re-
gression analysis showed a 3.2 higher odds of low back pain (LBP)
with advanced lumbar degenerative disc disease (LDD; 90% vs
10%). A statistically significant (p < 0.001) genetic correlation be-
tween LBP and LDD was also found. These findings suggested
that approximately 11-13% of the genetic effects are shared by
LDD and LBP. [7] Additional twin registries with similar findings
do exist [1, 2, 5].

Since the publication of these twin studies, many articles have
been published on the specific genes causing early and advanced
disc degeneration or causing increased pain after spine surgery.
For example, the IL6 and IL1B gene polymorphisms have been
associ-ated with less favorable long-term outcomes of degenera-
tive lumbar spine surgeries. [8] Another genetic association exists
between Vitamin D receptor (VDR) gene polymorphisms and the
risk of intervertebral disc degeneration. A recent meta-analysis 23
VDR studies concluded that VDR FokI polymorphisms are asso-
ciated with a higher risk of intervertebral disc degeneration among
Caucasians but not Asians. VDR Taqgl polymorphisms, on the oth-
er hand, are associated with disc degeneration risk among Asians
but not Caucasians. The VDR Apal polymorphism is associated
with disc degeneration risk among Asians and Caucasians. [9]
Many other examples of genetic mutations affecting the interver-
tebral disc exist. [10, 11] Even neuropathic pain syndromes have
recently been linked to genetic factors [12].
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The trend toward analysis of the genetic basis to pain is a paradigm
shift from the traditional school of thought that age-related struc-
tural disintegration of the intervertebral disc, for example, from
mechanical insults and injuries, is the primary reason for muscu-
loskeletal and spinal pain syndromes. Understanding the involve-
ment of specific gene mutations may offer personalized prevention
and targeted treatment strategies for clinical conditions focused
primarily on mechanical factors as primary causes of pain and
pain-ful degeneration. In this article, the authors present two new
genetic mutation examples to illustrate their case for the search
for newer treatments outside the traditional “injury model.” They
are presenting a case of a patient with painful novel homozygote
mutation of the FGFR3 gene causing autosomal dominant thanat-
ophoric dysplasia (TD) type I, and another case of painful a new
mutation in the KLHL40 gene that is homozygous recessive con-
sistent with Nemaline Myopathy 8 (NM-8).

3. Materials and Methods
3.1. Study Design & Informed Consent

We briefly describe two illustrative cases of patients with a history
of chronic musculoskeletal and spinal pain, whose delayed diag-
nosis led to improper utilization of medical resources until they
were diagnosed correctly and targeted personalized care for their
painful syndromes could be instituted. Patients volunteered for the
study and consented in writing according to the declaration of Hel-
sinki, last amended by the World Medical Association General As-
sembly in Fortaleza, Brazil, in October 2013. Study patients were
adequately informed of the aims, methods, and the lack of funding
for the study, any possible conflicts of interest, institutional affilia-
tions of the researcher, the anticipated benefits and potential risks
of the study, and the discomfort it may entail. The study was ap-
proved by the Institutional Review Board of Colsanitas University
(protocol code CEIFUS 106-19 approved on February 12, 2019,
for studies involving humans).

3.2. Sequencing Techniques Cohen’s Syndrome

WES was applied step by step as follows to identify any possible
pathogenic mutations in the dead fetus and the parents: The cas-
es’ samples used to extract and purify genomic deoxyribonucleic
acid (gDNA), which was then quantified. Evey specimen had an
overall volume of 1.0 gDNA that was utilized to prepare the DNA.
The Agilent SureSelect Human All ExonV7 Kit (Agilent Technol-
ogies, CA, USA) was used to construct sequencing databases, and
x-index codes were appended to the sample attribute sequences.
To summarize, 180-280 bp fragments were generated utilizing hy-
drodynamic shear system (Covaris, Massachusetts, USA). Exonu-
clease/polymerase activities blunted the residual overhangs, and
enzymes were eliminated. Adapter oligonucleotides were ligated
after the three ends of the DNA fragments were adenylated. In
a PCR procedure, DNA fragments containing adapter molecules
attached at both ends were specifically selected. To prepare for
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hybridization, captured libraries were enriched in a PCR reaction
with index tags. The products were purified using the AMPure XP
system (Beckman Coulter, Beverly, USA) and quantified on the
Agilent Bioanalyzer 2100 System using the Agilent High Sensi-
tivity DNA Assay. Qualified libraries were fed into the Illumina
NovaSeq 6000 sequencers. Data quality control, processing, and
interpretation were then performed on the HP server’s Generation
G9 utilizing a Unix-based operating system. In silico analyses by
VarSome (https://varsome.com/ ) and Franklin (https://franklin.
genoox.com/clinical-db/home ) categorized R158Q as a variant of
uncertain significance (VUS). Data mining on the computational
predictions from these two important databases showed an over-
all impact of damaging resulted from the amino acid substitution
from Arginine (R) to Glutamine (Q)

3.3. Sequencing Techniques Nemaline Myopathy 8 (NM-8)

For the patient diagnosed with Nemaline Myopathy 8 (NM-8), a
WES test for detecting plausible mutations or potential mutations
was performed in the following order to identify potentially patho-
genic variants in the case. A filter-based technique was used to ex-
tract and purify genomic deoxyribonucleic acid (gDNA) from the
case’s blood sample, which was then measured. For DNA prepa-
ration, a total of 1.0g of gDNA was employed. The Agilent Sure-
Select Human All ExonV7 Kit (Agilent Technologies, CA, USA)
was used to construct sequencing databases, and x-index codes
were appended to the sample at-tribute sequences. The hydro-
dynamic shear system (Covaris, Massachusetts, USA) was used
to create 180-280 bp pieces. Exonuclease/polymerase activities
attenuated the residual overhangs, and enzymes were removed.
After adenylation of the 3’ ends of the DNA fragments, adapter
oligonucleotides were ligated; DNA fragments with adaptor mol-
ecules attached at both ends were preferentially selected in a PCR
reaction. Captured libraries were enriched in a PCR reaction using
index tags to prepare for hybridization. The products were puri-
fied by the AMPure XP system (Beckman Coulter, Beverly, USA)
and quantified through the Agilent High Sensitivity DNA Assay
on the Agilent Bioanalyzer 2100 System. Qualified libraries were
fed into the NovaSeq 6000 Illumina sequencer. Quality control of
data, analysis, and interpretation was then carried out on Genera-
tion G9 from the HP server by a Unix-based operating system. For
the in silico analysis, homology modeling for KLHK40 protein
structures in wild-type (Leul9) and mutant (Argl9) models was
performed for 621 amino acid Kelch-like protein 40 (UniProt ID:
Q2TBAO) through SWISS-MODEL and also, assessed through
Molprobity and ProSA online software (avail-able at https://pro-
sa.services.came.sbg.ac.at/prosa.php and (https://prosa.services.
came.sbg.ac.at/prosa.php).

4. Results

The authors report on two cases in whom the patients were diag-
nosed with a new mutation of the KLHL40 gene associated with
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Nemaline Myopathy (case 1) and in the FGFR3 gene causing a
new lethal form of Autosomal dominant thanatophoric dysplasia
type I (case 2).

4.1. Case I - Nemaline Myopathy

A 14-year-old female complaining of myopathy was sent for ge-
netic testing because a diagnostic workup for common reason mus-
culoskeletal pain in newborns did not reveal any viable avenues
for treatment. Genetic counseling suggested that the patient could
have a hidden recessive mutation. As a result, the WES test was
performed to detect plausible or potential mutations. The patient’s
parents reported that within the first few hours of her birth and
after breastfeeding for the second time, she had to be admitted to
the hospital for painful aspiration-related symptoms. She remained
in neonatal intensive care for dilation of esophageal stricture and
surgical treatment of a lung abscess that resulted in pneumotho-
rax that required surgical repair. Cardiac ultrasound revealed that
the foramen ovale had closed spontaneously at birth. The patient
showed delayed development for walking and standing compared
to her peers. She had apparent pain with ambulation and fell fre-
quently. As a child, she could not climb stairs without assistance
and had a dropped jaw with deformity contributing to speech de-
lay. Several years of occupational and physical- and speech ther-
apy provided some benefits (Figure 1). Genetic testing revealed
Nemaline Myopathy without mental retardation, aberrant balance,
or neurological issues.

The WES test findings indicated a mutation in exon 1st of the
KLHLA40 gene (c. 56T>G:p.L19R) related to NM-8 with an au-
tosomal recessive inheritance model. WES screening of KLHL40
revealed genotype GG for the patient (Homozygote), while Sanger
sequencing revealed genotype TG for both her father (Heterozy-
gote) and mother (Hetero-zygote) (Figure 2). Overall, preliminary
medical genetic counseling is strongly advised for the interpre-
tation of test findings or the decision to conduct genetic testing
in the case of a prenatal diagnosis for her mother’s or her future
pregnancies.

Figure 1: Image of 14-year-old patient with new mutation in KLHL40
gene (exon:1:¢.56T>G: p.L19R) representing a definite deformity of jaw
consistent with Nemaline Myopathy.
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Figure 2: Mutation confirmation by Sanger sequencing in patient’s parents (A and B) and herself (C). A and B show heterozygosity in the parents and

C indicates homozygosity for mutated al-lele.
4.2. Case II - Autosomal Dominant Thanatophoric Dysplasia
Type I

A 25-year-old woman referred to the genetic laboratory for the
WES test after her abortion. The parents were both healthy with no
manifestation of any distinct disease. Somehow, the dead fetus di-
agnosed with a severe scoliosis with short femur leading to dwarf-
ism through sonography investigations. The final result of genetic
counseling suggested the dead fetus to be investigated by WES for
finding the putative mutation (s). WES results indicated that this
fetus had a de novo mutation in the FGFR3 gene. To confirm the
mutation, Sanger sequencing conformation was preformed. The
results of WES test for the aborted fetus uncovered a new de novo
mutation in exon 5th of FGFR3 gene (c.473G>A:p.R158Q) as-
sociated with Autosomal dominant thanatophoric dysplasia type I
(OMIM: 187600). Screening of FGFR3 by WES indicated geno-
type GC for the dead fetus (Heterozygote), and the parents’ muta-
tional conformations by Sanger sequencing revealed genotype AA
(Homozygote) for both of them. The fetus had musculoskeletal
and spinal deformity.

WES was done for the case, and a de novo mutation was observed
in exon 5 of the FGFR3 gene. Due to the mutational confirmation
in the case, Sanger sequencing was per-formed on the case’s par-
ents by Sanger sequencing at the mutation site. Confirmation of
mutation on variant revealed that mutation in the FGFR3 gene is
de novo and parents are both normal homozygotes and had not the
mutation which means the mutation must be occurred in the germ
line cells of one of the parents (Figure 3). This mutation follows
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the autosomal dominant genetic inheritance. This mutation will
cause TD type I, which is consistent with the clinical symptoms
of the dead fetus.

Figure 3: The sequence results of the fetus (A), the Father (B), and the
mother (C) represent het-erozygote (GA), homozygote (GG), and ho-
mozygote (GG) genotypes, respectively.
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5. Discussion

Our small case series shows that new gene mutations of recog-
nized genetic syndromes may produce pain and disability in the
musculoskeletal system and the spine, which were hitherto not
known to be hallmark symptoms. We report a de novo mutation in
exon 5 of the FGFR3 gene by WES and Sanger sequencing tests.
A fetus born dead from parents both carrying the normal allele.
The mutant allele associated with Autosomal dominant TD type
I with manifestations of severe scoliosis with short femur lead-
ing to dwarfism. It suggests that FGFR3 genetic mutations with
scoliosis and skeletal deformities should be considered for pain
management.

Prior reports indicated some mutations of FGFR3 leading to TD.
Pannier et al. de-scribed a fetus with lethal TD1 discovered at 24
weeks of pregnancy while the fetus had acute dwarfism lead to
death. Radiographs revealed severe rhizomelic shortening of the
long bones as well as minor bowing of the femora, radii, and ulnae.
The spine was extensively platyspondylated, with H-shaped verte-
brae and a shortening of the interpediculate length. Post - mortem
investigation demonstrated cerebral cortical abnormalities, tempo-
ral lobe polymicrogyria, and significant disruption of long bone
density plates. Complementary genetic analysis revealed that two
de novo missense mutations in the FGFR3 gene on the same allele
were heterozygous (N540K and Q485R). Pannier et al stated that
the N540K mutation, when isolated, usually resulted in a milder
form of hypochondroplasia [13]. A new insertion mutation (c.742
743insTGT) was discovered by Lindy et al. They explained this
mutation as a pathogenic change which results in the clinical man-
ifestation of TD1. Functional analysis of this mutation in zebrafish
showed that the FGFR3 protein was catalytically active, causing
the FGF pathway to be overexpressed and the signaling in the
downstream regions to become overactive [14].

The Fibroblast Growth Factor Receptor 3 (FGFR3) gene con-
tains a limited number of mutations which have been linked to
TD1. There are five most frequently discovered mu-tations ac-
counting for 90% of all TD1 cases [15]. ¢.742C>T (p.R248C) and
¢.1118A>G (p.Y373C), two of the most prevalent TD1 mutations,
have been found to activate FGFR3 via promoting the formation
of covalently bound dimers which are kept together by a di-sulfide
bond between the free cysteine residues inserted to the mutated
protein [16-18]. Interestingly, Xie et al demonstrated spinal astro-
cytic FGFR3 activation leads to mechanical hypersensitivity by
amplified TNF-a in spared nerve injury (SNI). The spinal cords
of SNI rats had elevated GFAP expression as well as mechani-
cal hypersensitivity in the hind paws. In accordance with higher
GFAP expression, increased FGFR3 expression was seen in the
spinal dorsal horn of SNI models. In vivo and in vitro demon-
strated that increased FGFR3 upregulates the expression of GFAP
and TNF in astrocytes. In considerations underlying biomechan-
ics, FGFR3-TBX3 axis activation increased TNF-expression in
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primary spinal astrocytes in culture. Mechanical hypersensitivity
was brought on by spinal TNF-synthesis in SNI rat models. They
concluded that FGFR3 is implicated in neuropathic pain (NPP)
maintenance through activation of the FGFR3-TBX3 axis, which
causes the synthesis of TNF. Based on their reports, the FGFR3
receptor and associated astrocyte signaling pathways are potential
molecular targets for NPP administration [19].

Our study also found a new mutation in the first exon of the
KLHLA40 gene (Leul9Arg) in a 14-year-old female with NM signs.
Because of consanguineous marriage and confirming the cause of
the disease, mutation conformations revealed the mutation in both
of her parents as the carriers. This mutation follows an autosomal
recessive model of inheritance. More than 80% of mothers with
affected pregnancies have fetal akinesia/hypokinesia and/or poly-
hydramnios. The ¢.1582G>A p.(Glu528Lys) mutation is common-
ly found in Turkish and Japanese populations signifying a founder
mutation, but there is no common haplotype in either Japanese or
Turkish patients, yet. [20] The Thr506Pro (c.1516A>C) variant in
KLHLA40 has been suggested as a hot-spot mutation in Chinese
patients. [21, 22] There noticeable reports about the pains resulted
in patients with NM. The major concern from a pulmonary per-
spective is respiratory muscle and di-aphragm weakening, which
restricts the use of benzodiazepines, opioids, and neuro-muscular
blocking drugs. [23, 24] This in turn makes managing the ven-
tilatory system and discomfort under general anesthesia more
challenging according to the Bang et al’s study. [25] They further
suggested that regional anesthetic may eliminate these respiratory
system concerns depending on the kind of sedation employed [6].
Along with physical and occupational treatment problems, there
have been cardiologic and respiratory abnormalities described in
the literature which must be taken into consideration by pain man-
agement before surgery. [26]

Previous reports showed that KLHL40 binds to NEB, a thin fila-
ment protein often re-lated to Nemaline myopathy (NM), as well
as leiomodin 3 (LMOD3), a new muscle pro-tein highly similar to
leiomodin 2 (LMOD?2), which regulates actin at the thin filaments
[8-10]. Similar to LMOD?2, it was found that LMOD3 also localiz-
es to the sarcomere thin filaments. Unlike most other BBK proteins
that mediate substrate degradation, KLHL40 exclusively elevates
NEB and LMOD3 stability and inhibits LMOD3 ubiquitination.
Con-sequently, lack of KLHL40 decreases NEB and LMOD3 pro-
tein in mice as well as in pa-tients with NM. By founding a new
pro-stability role of KLHL40 protein for the thin fila-ment proteins
NEB and LMOD3, Garg et al.’s study revealed a molecular basis
for NM in patients with KLHL40 dysfunction and suggested an
unrecognized role of LMOD3 in the maintenance of sarcomere
function and NM. [27]

Present study demonstrated the that the amino acid changes, for
example from Leu-cine to Proline can have important impacts on
protein structure and resultant new clinical syndromes. Leucine
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is one of the amino acids with hydrophobic side chain and amino
acid Proline, which changes the direction of the protein backbone
and causes a turn in the secondary structure and finally the final
structure of the protein. Therefore, it might be suggested that the
amino acid change from Leucine to Proline can make a notable
difference in protein folding. Also, because this mutation occurs
approximately in the middle of the protein sequence, it may alter
functionally sensitive regions. New clinical pain syndromes with
myopathy, decreased function, and accelerated degeneration of the
musculoskeletal and spinal system.

6. Conclusion

In conclusion, the present study, in consistent with other recent
studies related to re-ports of new mutations in the FGFR3 gene, is
adding new clinical data to TD. This has raised concerns about the
prevalence of TD, and highlights the importance of genetic screen-
ing for the disease in prenatal testing. New genetic mutations in
NM in patients with KLHL40 dysfunction may also produce new
musculoskeletal and spinal symptoms that may be misinterpreted.
Nowadays, genetic factors must be taken into account when work-
ing patients up for complaints that are unresponsive to traditional
care measures. Misdirected therapies could lead to unnecessary
interventions and surgeons.
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