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Abstract

Background: The objective of this review is to unify the various genetic defects along with elaborating
metabolic pathways in Familial Combined Hyperlipidemia(FCHL) and also to differentiate the phenotype of FCHL
from metabolic syndrome.

Methods: PubMed and Cochrane’s library was searched for keyword “Familial combined hyperlipidemia” and
latter with “Familial combined hyperlipidemia genes” to finally shortlist 23 articles. Further search with key words
“molecular pathogenesis of familial combined hyperlipidemia” and “metabolic syndrome and familial combined
hyperlipidemia” was carried out for finding molecular defects in FCHL, non-molecular findings distinguishing FCHL
from metabolic syndrome and overlapping features between FCHL and metabolic syndrome.

Results: Major culprit regions identified included Chromosome-1g21-q24(USF1 and FOXA2) , Ch-11q (APOAbS),
Ch-16g24, Ch-20q12-9q13.1, Ch.4g32.3 (rs6829588), and Ch-19q13.32 containing PVRL-2 gene (Also known as
Nectin-2). The genetic and metabolic pathways linked to FCHL may involve: 1-Defective clearance of Apo-B
containing lipoproteins, 2-Overproduction of Apo-B containing lipoprotein i.e., VLDL and 3-Adipose tissue
dysfunction. FCHL phenotype showed close resemblance with metabolic syndrome clinical and biochemical
features with slight differences.

Conclusion: The reviewed data suggested that FCHL phenotype is the resultant end outcome from multiple
molecular defects and thus underlying genetic defect identification in the index case is important for personalized
medicine and incoming gene therapy. Further research is warranted to explore specific genetic defects.
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Introduction

Familial Combined Hyperlipidemia (FCHL)
supersedes most other genetic lipid and non-lipid
disorders in most of the shared scientific evidence with
disease prevalence ranging from 1% to 2.5% in different
parts of the globe. [1] Apparently the available data on
the subjects suggests the significantly heterogeneous
FCHL genetics, extremely high risk of premature
coronary artery disease (CAD), hypertriglyceridemia
related disorders, and relationship with other metabolic
disorders like insulin resistance. [2, 3] Unmet need must
also be acknowledged on its impact on health economy
in terms of this being the most frequent lipid disorder,
loss of productive technical man hours, family crises
emerging from premature morbidity and mortality and
linkage or lead to newer metabolic disorders. [4]

FCHL is not a singular entity in pathology or a
monogenic genetic disorder. Molecular and genetic
studies and phenotypic disease presentations have
identified it as heterogeneous disease which not only
vary in terms of temporo-spatial presentation clinical
traits, being very pleiotropic due to probable multiple
molecular triggers and the clinical appreciation variability
resulting from the subtype of cholesterol surge or
decline and very high prevalence in myocardial
survivors. [5, 3, 6] All these differential presentation
surrounding the singular label “FCHL” and inputs from
small scale studies focusing upon few aspects of this
broad-spectrum pathology makes it difficult to define the
disease. [7] Nonetheless literature search converges to a
few common traits which may help elucidate a criteria
for nominating a person with FCHL. These criteria
includes: 1- Strong family history (at least 2 members
from one family), 2- Variable lipid
abnormalities including combined hyperlipidemia or
hypercholesterolemia or hypertriglyceridemia all shaping
in different dimension over a person’s life, 3- Autosomal
dominant pattern of inheritance with high penetrance,
4- Dermatological manifestations like xanthomas are
rare unlike familial hypercholesterolemia and 5- Strong
predisposition to early onset coronary artery disease
(CAD). [8]

Most primary physicians lack the knowledge and
details about the gravity underlying the interpretation of
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a lipid profile along with being oblivious of underlying
lipid pathology, so patients are dealt as per conventional
wisdom with disregard to any attempt to provide the
patient with complete diagnosis along with advice on
family screening. Furthermore, the disease is in
definitive demand of a biochemical or molecular
biomarker to allow predictive screening, identifying the
specific genetic defect in lipid physiology, genetic risk
scoring, cascade screening of family members,
preventive guidance to carriers and patients and most
importantly to provide a way forward to curative
medicine by gene therapy like CRISPR-Cas9
techniques. [9]

This mini review attempts to segregate the
molecular subtypes of FCHL, brief details of molecular
pathogenesis, overlapping and contrasting evidence
linking FCHL and metabolic syndrome in order to bridge
the gap with some recent data and not so recent
concepts about FCHL.

Review Methodology

The key words “Familial combined hyperlipidem-
ia” was searched on PubMed and Cochrane’s library.
Search with initial keyword generated 1058 articles on
PubMed which was narrowed down by using specific key
words as “Familial combined hyperlipidemia genes”
yielded 37 articles. Articles without complete text were
excluded, which further reduced the list to 23. Later
search with key words “molecular pathogenesis of
familial combined hyperlipidemia” and “metabolic
syndrome and familial combined hyperlipidemia” to yield
113 and 93 articles which were shortlisted by applying
filters initially and reviewed for finding molecular defects
in FCHL, non-molecular findings distinguishing FCHL
from metabolic syndrome and overlapping features
between FCHL and metabolic syndrome.

Molecular and Metabolic Mechanisms Behind FCHL

Though the aforementioned criteria provide a
dimension to diagnosis with some degree of sensitivity
but in clinical practice it is far from being specific. The
problem part starts in clinics where the defining criteria
are not equated with clinical presentation of the patient
due to variable phenotypic presentations. Attributes to
molecular pathogenesis of “FCHL” have been varying
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across the literature. Most evidence related to date focus
on USF1 transcription factor located on Chromosome-
1g21-g24. [10, 13] Pajukanta et al pioneered the
genetic work by elucidating the region Ch.1g21-24
nearby Apolipoprotein-A2 region through linkage
analysis to provide a LOD of 5.93 thus indicating strong
phenotype-genotype linkage along with a possibility
dominant mode of inheritance for FCHL. [10] These
studies in fact led to the initial molecular work
shortlisting Ch.1g23.3 as culprit region for FCHL and
provided us some molecular pathological details about
USF1 gene to combined hyperlipidemia. (Figure-1)
However, later studies identified other genetic loci and
biochemical evidence to suggest other molecular
pathological defects leading to a similar phenotype. de
Graaf et al have suggested that the presence of obesity
and insulin resistance accompany subjects diagnose to
have FCHL with probable defective adipose tissue
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metabolism leading to increase in free fatty acids could
be the main culprit implying a defect in adipose tissue
metabolism. [14] Wijsman et al have identified that
Apo-B levels and size are both major determinants
associated with FCHL with SNP genotyping identifying an
important candidate region on Ch.4q32.3. [15] Further
studies in the past have identified multiple other loci
which could lead to a FCHL phenotype apart from
Chromosome: 1g21 (USF1) gene, including candidate
genes like Lipoprotein lipase gene and Apo lipoproteins
Al/c3/a4/a5 genes. [16] Another study by Cruz-Bautista
et al have shown that atherogenic particles like Apo-B
containing VLDL, along with Apo-CIII and AII along with
adiponectin hormone appear to be the major factors
involved in defining FCHL phenotype. [17] Other related
evidence is presented in table-1 and table-2. Converging
these pieces of evidences together, it seems that
multiple factors and mutations/polymorphisms at
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Figure 1. Genetic loci for USF1 gene, its association and relation with FOXA2 and hepatic triglyceride
secretion along with role of SNP rs2073658 in USF1 gene in altering lipid and other metabolic effects.
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different genetic loci are involved in shaping up the
clinical phenotype of “FCHL".

The aforementioned referenced discussion over
last 3 decades thus concluded “phenotype FCHL"” to be
emerging from various genetic alterations across various
chromosomal regions with slightly different clinical
presentations. The genetic and metabolic pathways
linked to FCHL may involve: 1-Defective clearance of
Apo-B containing lipoproteins, 2-Overproduction of Apo-
B containing lipoprotein i.e., VLDL and 3-Adipose tissue
dysfunction. A detailed account of various genes affected
in the above pathway has earlier been given by
Brouwers et al. [2] Figure-2 explains an overview of
pathways and key areas proposed to be affected in
different organs identifying the multifaceted dimensions
to FCHL pathology.

FCHL and Metabolic Syndrome

Apart from establishing link between FCH and
associated genetic and loci, there is also a clear evidence
of overlapping features between metabolic syndrome
(insulin resistance syndrome) and clinical and laboratory
symptomology of FCHL. While some data contrast due to
higher mortality for FCHL, still the two entities show
co-occurrence, mixed traits and matching phenotype.
[33] Santilli et al have identified the risk of cardio-
metabolic disorders to become additive with both
metabolic syndrome or FCHL traits only once these
patients lost a so-called “protective gene cluster”, thus
signifying that specific gene abnormalities are more
associated with certain traits than simpler concept of
monogenic inheritance. [34] The most associated USF1
on chromosome-1 is also linked with both metabolism of
lipids and glucose like PPAR-gamma, HNA4a and PTEN,
so it's very probable that some of the common
symptomatology of FCHL related to USF1 region with
metabolic syndrome could be because of this multiple
transcription factor regulation and associated signaling
mechanisms. [35] Table-3 shows provides an insight into
the biochemical alterations in FCHL in comparison to
metabolic syndrome.

Provided the search on PubMed yielded some
data as mentioned in table-3, still we believe the
evidence is not convincing to segregate the two
phenotypically similar disorders. Only take home
message here is the fact that the two disorders are
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overlapping with slightly higher gravity risk gravity
attributed with underlying FCHL than the mere presence
of metabolic syndrome symptomatology.

Diagnosis of FCHL

While Framingham'’s hyperlipidemia classification
of type-2b with mixed hyperlipidemia is the initial clicker
to include FCHL in your diagnosis, still we do learnt from
above discussion that the FCHL phenotypes differ in
terms of lipid levels, lipid types, associated metabolic
component, clinical presentations, underlying genetics
and inconsistent data on the subject. [5, 6] These
considerations make the diagnosis of FCHL very much
heterogeneous and a real life diagnostic dilemma for
diagnosticians. Alongside we must appreciate the
atherosclerotic cardiovascular disease associations of
FCHL in terms of very high prevalence in patients having
myocardial ischemia. [1] Sniderman et al have provided
a general criteria for its diagnosis, but this still suffers
with lack of specificity. [8] Not so recently we also had a
nomogram for predicating susceptibility of FCHL as
depicted in figure-3, but unfortunately it could not gain
widespread acceptability. [42]

Keeping in view the heterogeneity in FCHL
phenotypes, the availability of various molecular tools
and providing precise and accurate diagnosis it would be
accurate to suggest that FCHL is convergence phenotype
due to definitive molecular defects arising from a
singular gene pathway like USF1 to genetic alterations
across multiple other chromosomal regions as shown in
table-1. Furthermore, varying obesity patterns especially
the “Asian obesity paradox” may not even present with
hyperlipidemia, or sometimes as hypercholesterolemia or
hypertriglyceridemia. [43]

Molecular Diagnostics

Recent data in conventional medical science is
being reshaped and supplanted with deeper insights into
molecular physiology and pathological mechanisms. We
are deemed to enter the arena of “molecular medicine”.
We need to appreciate the fact that conventional
medicine relies heavily on clinical phenotypes with
biochemical evidence going alongside; however it can be
said with confidence now that reliance on clinical
phenotypes simply will not be able to provide
personalized and nano-evidence based solutions for a
specific patient. Further we move into the revolutionizing
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Table 2. Non-molecular evidence about metabolic associations for Familial Combined Hyperlipidemia (FCHL)
Overlap
. . with met-
Ser | Identified metabolic defects ) References
abolic
syndrome
Identified defects include: Adipose tissue turnover defect, late plasma )
1 clearance VLDL & chylomicron, increased VLDL production, , LDL dis- Yes Taghizadeh et al
i (2019) [24]
posal is delayed
. . . Diaz-Ruiz et al.
2. FCHL has been associated with components of metabolic syndrome Yes (2019) [25]
3. PCSK9 levels are associated with FCHL and components of metabolic Yes Vlachopoulos et
syndrome al. (2018) [26]
4 FCHL is overlapping with multiple metabolic features and probably Yes Vaverkova et al.
have polygenic inheritance (2018) [27]
5 Plasmingen Activator Inhibitor-1 and myelperoxides are associated Yes Carratala et al.
with insulin resistance in subjects with FCHL (2018) [28]
6 Dyslipidemia type IIb are shared by type-2 diabetes mellitus, metabol- Yes Arai et al (2012)
ic syndrome and FCHL [29]
7 The prevalence of FCH in subjects diagnosed with Metabolic Syndrome Yes Pie et al (2007)
is 36.7% [30]
8 Prolong post-prandial hyperlipidemia may be associated with both VES Alipour et al
metabolic syndrome and FCHL (2007) [31]
9. Apo-B was found to be prevalent in subject with FCHL YES I;;'Iz(;t al (2005)
Table 3. Distinguishing metabolic syndrome from Familial Combined Hyperlipidemia (FCHL)
Ser | Contrast between FCHL and metabolic syndrome (MS) Reference
Preadipocytes c.ul.ture showec_l uP—re?guIatlon of .CD36:> and F.AT regard- Meex et al (2005)
1 less of metabolic influences, indicating defects in adipose tissue me- [36]
tabolism
2. TNF-alpha associated with FCHL only Pauciullo et al
(2007) [37]
Pauciullo et al
3. sdLDLc specific for FCHL, and not for metabolic syndrome (2009)
[38]
4 Vascular remodeling markers like TIMP-1, TIMP-2 and MMP-9 plasma | Cicero et al (2007)
' levels were higher in metabolic syndrome than FCHL [39]
PAI (Plasminogen activator inhibitor type-1) and MPO
5 (Myeloperoxodase) activity are higher in FCHL than metabolic syn- Carratala et al
' drome indicating its higher atherogenicity and atherothrombotic po- (2018) [40]
tential than MS.
6 Insulin resistance was found to be significantly higher in MS subjects Jackuliakova et al
' with FCHL (2008) [41]
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Figure 2. Various metabolic mechanisms that can get altered to shape into FCHL phenotype.
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Figure 3. A nomogram suggested by Veerkamp et al to assess probability of having FCHL by incorporating data
of Apolipoprotein-B, triglycerides and total cholesterol. Details for probability calculation are available at: https://
www.ahajournals.org/doi/pdf/10.1161/01.CIR.0000130646.93255.86. Retrieved on: 19-Aug-2019.

and innovative field of biotechnology, we are bound to
find new tools and mechanistic set ups to better
visualize the disease pathology. Below we attempt to
provide a draft molecular diagnostic algorithm to
approach subjects with either FCHL phenotype or a
pattern like “Metabolic syndrome”. (Figure-4) This
document is simply an attempt to combine new
phenotype-genotype evidence to incorporate commonly
appreciated molecular pathology on the subject. The
limitations attached to this review must be understood:
Firstly, the document is by no means intended to
provide complete account of molecular defects due to
evolving nature of both molecular pathology and
discovery of newer dimensions of molecular pathology
entering into the dimensions like miRNAs pathways,
epigenetic mechanism and discovery of roles like “Alu
element”. The data is bound to evolve and improve with
further insight into complexities of various genetic
pathways, miRNAs and related epigenetic methylation
marks along with newer developments in nano-
biotechnological tools. [44, 45] More so current text on
metabolic syndrome and FCHL phenotype overlap is no
more a mystery but we still need to appreciate the little
differences in phenotypes with a specific genetic defect,
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for which the authors feel the genotype-phenotype data
is limited and need more research.

Provided certain limitations and lack of most
recent molecular data on the subject, this review has
clinical significance because it provided a wholesome
overview of FCHL in terms of its contrasting phenotype
molecular pathogenesis, polygenic nature of the disease,
non-molecular metabolomics of FCHL within attempt to
focus on futuristic way forward to diagnose and paving
ways for gene therapy. It also emphasize the pushing
needs for more research in defining further insights into
FCHL with regards to emerging epigenetic markers like
microRNAs, methylation studies and regional molecular
differences within our community.

Conclusion

Molecular pathology is probably is the way to
next generation medicine. The reviewed data suggested
that FCHL phenotype is the resultant end outcome from
multiple molecular defects and thus underlying genetic
defect identification in the index case is important for
personalized medicine and incoming gene therapy.
Metabolic syndrome shares many of the symptoms and
biochemical findings with FCHL phenotypes but still
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Figure 4. Contributors including epigenetic, genetic, racial, regional factors leading to FCHL phenotype along
with common molecular defects observed in metabolic syndrome.
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literature identifies differences. Our conclusion is that
both metabolic syndrome and FCHL phenotype are
broad group of disorders and molecular insight is
needed to precisely and accurately identify the genetic
or epigenetic defects in individuals for evidence based
medicine and most importantly the gene therapy. We
also feel this is an area of much needed research with
detailed evaluation of genetic risk scoring for each
genetic defect which may be possible in future.
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