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A B S T R A C T   

The α7 nicotinic receptor (α7 nAChR) is an important entry point for Ca2+ into the cell, which has broad and 
important effects on gene expression and function. The gene (CHRNA7), mapping to chromosome (15q14), has 
been genetically linked to a large number of diseases, many of which involve defects in cognition. While 
numerous mutations in CHRNA7 are associated with mental illness and inflammation, an important control point 
may be the function of a recently discovered partial duplication CHRNA7, CHRFAM7A, that negatively regulates 
the function of the α7 receptor, through the formation of heteropentamers; other functions cannot be excluded. 
The deregulation of this human specific gene (CHRFAM7A) has been linked to neurodevelopmental, neurode
generative, and inflammatory disorders and has important copy number variations. Much effort is being made to 
understand its function and regulation both in healthy and pathological conditions. However, many questions 
remain to be answered regarding its functional role, its regulation, and its role in the etiogenesis of neurological 
and inflammatory disorders. Missing knowledge on the pharmacology of the heteroreceptor has limited the 
discovery of new molecules capable of modulating its activity. Here we review the state of the art on the role of 
CHRFAM7A, highlighting unanswered questions to be addressed. A possible therapeutic approach based on 
genome editing protocols is also discussed.   

1. Introduction 

The human genome contains between 20,000 and 25,000 genes. 
Most of these have counterparts in chimps, mice, flies, yeast, and even 
bacteria. Within the last 10–15 million years, human-specific genes with 
new functions have emerged, due to duplication events, contributing to 
the distinctive traits that make humans human. In 2010, Eichler’s team 
[1] identified 23 human-specific duplicated genes. Currently, more than 
800 genes show human-specific identity [2,3], driving adaptations in 
brain, immune and metabolic functions. Importantly, many of these 
genes may be functionally associated with neural activity, contributing 
to human brain evolution. 

Duplicated genes make up 5% of the human genome. Their emer
gence is due to chromosomal rearrangements mediated by the presence 
of segmental duplications (SD), also named "core duplicons" or "region- 
or chromosome-specific low-copy repeats (LCR)". They consist of DNA 
sequences > 1 Kb in length, that have nearly identical sequences 

(90–100% homology), dispersed across the genome as a result of 
duplication events [4]. They can be localized in tandem or interspersed 
and can be interchromosomal or intrachromosomal. Duplicons function 
as carriers of genetic material from one location in the genome to 
another, and every duplication event can include additional genes or 
portion of genes. To date, 24 families of duplicons have been identified 
[4]. Segmental duplications are often flanked by Alu (short interspersed 
repeat; SINE) repeats, suggesting that propagation of segmental dupli
cations in the ancestral human genome was driven by the increased Alu 
retroposition about 35–40 million years ago [5]. 

Because of their high homology, SDs cause genome instability as a 
consequence of evolutionary rearrangement by nonallelic homologous 
recombination. This results from deletion, duplication, or inversion of 
the intervening sequence, which can contribute to disease. Indeed, many 
duplications and deletions are associated with developmental delay, 
autism, schizophrenia, and epilepsy [6,7]. 

One human-specific gene is CHRFAM7A, which emerged as a partial 

* Correspondence to: CNR - Institute of Neuroscience, Via Raoul Follereau, 3, 20845 Vedano al Lambro, MB, Italy. 
E-mail address: roberta.benfante@in.cnr.it (R. Benfante).  

Contents lists available at ScienceDirect 

Pharmacological Research 

journal homepage: www.elsevier.com/locate/yphrs 

https://doi.org/10.1016/j.phrs.2023.106783 
Received 17 March 2023; Received in revised form 20 April 2023; Accepted 30 April 2023   

mailto:roberta.benfante@in.cnr.it
www.sciencedirect.com/science/journal/10436618
https://www.elsevier.com/locate/yphrs
https://doi.org/10.1016/j.phrs.2023.106783
https://doi.org/10.1016/j.phrs.2023.106783
https://doi.org/10.1016/j.phrs.2023.106783
http://crossmark.crossref.org/dialog/?doi=10.1016/j.phrs.2023.106783&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Pharmacological Research 192 (2023) 106783

2

duplication of the α7 nicotinic acetylcholine receptor [8] gene 
(CHRNA7) on Chr.15q11–13 [9]. Although several reports link the 
CHRFAM7A gene to neurodevelopmental, neurodegenerative and in
flammatory disorders (reviewed in [10]), its presence in 95% of the 
population argues in favor of a positive neo-functional role [11]. Much 
effort is being made to understand its function and regulation. The 
presence of the homologous gene CHRNA7 makes the analysis of the 
CHRFAM7A gene difficult; when searching for variants in the genome 
that are associated with diseases or physical traits, the results are 
confounded by the presence of the homologous region between the two 
genes. Moreover, the failure of translating α7-directed therapeutic ap
proaches into humans suggests that considering the role of CHRFAM7A 
can no longer be neglected. Many open questions remain unanswered 
about its functional role and regulation both in healthy and pathological 
conditions. 

2. Evolution and structure of the CHRNA7 gene 

The nicotinic receptor gene family is evolutionarily old [12], and in 
mammals it consists of 16 members encoding α (α1-α10), β (β2- β4), γ, δ 
and ε subunits, forming pentameric receptors with high selectivity for 
Na+, K+ and Ca2+. They belong to the Cys-loop receptor superfamily of 
ion channels activated by neurotransmitters [13], modulating the 
transmission of excitatory and inhibitory signals. The receptors have a 
pentameric structure, and each subunit consists of an N-terminal part, 
forming the ligand-binding site, three hydrophobic transmembrane 
domains (M1-M3), a cytoplasmic domain, a fourth transmembrane 
domain (M4), and an extracellular C-terminal domain [13]. The cyto
plasmic portion is the most variable part between the different subunits. 

These genes likely arose as a need for regulation of cellular calcium 
in enzymatic systems developed. The α7 nicotinic receptor (α7 nAChR) 
gene on chromosome 15q14 may be the oldest surviving member of this 
family [14,15]. Like other nicotinic receptors, five subunits assemble to 
respond to the endogenous ligand acetylcholine (ACh) and exogenous 
ligands [16]. However, the α7 nAChR usually assembles as a homomer 
[17] and requires higher concentrations of nicotine for activation [18, 
19]. Further, the chaperones Ric3 and NACHO are required for α7 

subunits to assemble [20,21]. Choline is a specific agonist of α7 nAChR 
[22] and is important during fetal development before choline acetyl
transferase is expressed [23,24]. 

The CHRNA7 gene, unlike genes for the other α subunits, has a 
unique exon-intron organization (Fig. 1A), as it contains ten exons and 
nine introns, four of which (introns 6–9) are unique to this gene [12]. 
The CHRNA7 gene (ENSG00000175344) encodes 37 splice variants, 14 
of which can be translated into proteins. The full-length protein is the 
product of two mRNA variants (NM_000746.6 and NM_001190455.3) of 
502 (NP_000737.1) and 531 (NP_001177384.1) amino acids (aa), 
respectively. The 502 aa long protein has a shorter N-terminus. Exons 
1–7 encode the N-terminal portion of the receptor that contains the ACh 
binding site; exons 7–9 encode the M1-M3 transmembrane regions; 
exons 9–10 give rise to the cytoplasmic loop, the fourth transmembrane 
domain (M4), and the C-terminal portion (Fig. 1A). 

3. Evolution and structure of the duplicated gene, CHRFAM7A 

It is not surprising that the nicotinic receptor gene family continues 
to evolve. The region on chromosome 15q11–24 is replete with dupli
cations, deletions, and rearrangements, which have occurred since 
humans diverged from primates, approximately 5 million years ago [6]. 
Then, exons 5–10 of CHRNA7 were duplicated and integrated upstream 
of the CHRNA7 gene (Fig. 1B), interrupting two prior partial duplica
tions [25,26]. This event was discovered during the construction of a 
YAC (Yeast Artificial Chromosome) map over the chromosome15 link
age region; sequence from exons 5–10 of CHRNA7 mapped to YACs 1.5 
million base pairs apart. This suggested a partial duplication, which was 
subsequently characterized [25]. 

Exons from the Unx-51-like kinase gene ULK4, on chromosome 3, 
were duplicated on the proximal arm of chromosome 15 more than four 
times [26]. ULK4, associated with both schizophrenia and bipolar dis
order plays a role in neurogenesis [27]. A second segmental duplication 
of a GOLGIN gene, GOLGA8B, is localized 3’ of CHRNA7 on chromosome 
15 [6,28]. These partial duplications formed a DNA element, FAM7A 
(Fig. 1B), containing exons from both ULK4 and GOLGIN8B [26]. 
FAM7A was then duplicated several times on chromosome 15; some 

Fig. 1. Schematic representation of the Chr.15q11–14 locus. A, the CHRNA7 gene is composed of 10 exons. I, II, III and IV indicate the transmembrane codifying 
regions. The 5’- and 3’-UTR are shown in blue. B, Exons 5–10 of the CHRNA7 gene (orange) were duplicated and integrated into a FAM7A copy 1.6 Mb centromeric 
to CHRNA7. The duplicated CHRNA7 exons are in reverse orientation to CHRNA7, but in frame with the FAM7A cassette (brown), giving rise to the CHRFAM7A gene. 
C, A deletion of 2 bp in exon 6 of CHRFAM7A gene is associated with gene inversion. The CHRFAM7AΔ2bp gene is in the same orientation as CHRNA7. 
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copies are inverted. This was followed by duplication of exons 5–10 of 
CHRNA7 that interrupted a copy of FAM7A, in reverse orientation to 
CHRNA7, forming the current CHRFAM7A gene [6,26]. It is not known 
exactly when the CHRFAM7A gene arose, sometime after 2.5 million 
years ago. Some of the early rearrangements are found in gorilla and 
chimpanzee in a partial form. Recently [29], advances in the sequencing 
of non-human primate genomes showed an alignment of the human 
CHRNA7 sequence at two positions on Chr.15 of the gorGor3 genome, 
indicating that a partial duplication event may have occurred also in 
gorilla. Moreover, the same analysis has shown that a portion of the 
ULK4 gene aligned next to the duplicated portion of CHRNA7. This may 
suggest the presence of CHRFAM7A, a finding that requires further 
investigation due to the incompleteness of the Gor genome assembly. 
The final CHRFAM7A gene is only found in humans [6,30,31]. 

Copy number variation in CHRNA7 is rare, but variation in the copy 
number of CHRFAM7A is quite common. Examination of copy number of 
both genes in controls and schizophrenics showed that copy number 
varies in both populations [32]. About 20% of individuals have only one 
copy of CHRFAM7A and 1% have no copies. The variation in copy 
number may not be surprising since the duplicated version of CHRNA7 is 
recent in evolution. When studying genetic mutation effects, knowing 
the copy number of the duplicated gene is essential. 

An important aberration in the CHRFAM7A gene occurred, after the 

migrations from Africa, a 2 bp deletion in exon 6, CHRFAM7AΔ2bp [32]. 
This version of the CHRFAM7A gene is common, found more frequently 
in Caucasians (42%) than in African Americans (14%), and is accom
panied by a gene inversion (Fig. 1C) [33]. This inversion places 
CHRFAM7AΔ2bp in the same orientation as the CHRNA7 gene. 

Translation start sites (Fig. 2), mainly in exon B, are discussed in [9, 
10]. The full-length protein has an estimated MW of 46 kDa (dupα7) 
(Fig. 2B). A shorter protein of about 38 kDa originates from an AUG at 
residue 273–275 in exon 6 of the cDNA sequence (Fig. 2C). DupΔα7 
(Fig. 2D), the peptide translated from CHRFAM7AΔ2bp, which has a 
2 bp deletion in exon 6 (bases 227–228), is likely translated from AUG 
starts in exon 6, resulting in a 38 kDa peptide (aa 92–412), or a peptide 
that would be out of frame for 6 or 13 aa at the N-terminal before the 
2 bp deletion would then correct the frame (aa 77–412) [8,10]. The 
region of the CHRFAM7A mRNA upstream of the 2 bp deletion gives rise 
to a truncated peptide of approximately 20 kDa including exon B to exon 
6 and 40 new aa (Fig. 2D) due to a change in the reading frame. 

The dupα7 peptide is missing one glycosylation site and retains the 
agonist binding site, although it does not form a functional receptor 
alone [34]. DupΔα7 does not retain the agonist binding site [8–10]. 

The expression of dupα7 and the shorter 38 kDa forms has been 
confirmed in both heterologous expression systems and in vivo 
(reviewed in [10]). No evidence is available concerning the expression 

Fig. 2. The dupα7 proteins. A, Schematic representation of the CHRFAM7A gene. The translational start sites are in exon B and exon 6 (ATG). The 5’- and 3’-UTR 
region are shown in blue. I, II, III and IV indicate the transmembrane coding regions. B, Translation from AUG in exon B results in a 412 aa long protein, with a MW of 
46 kDa. C, Translation from the AUG codon in exon 6 gives rise to a shorter protein, spanning the 92–412 aa portion of the full-length protein. D, Peptide translated 
from CHRFAM7AΔ2bp. The Δ2 bp polymorphism generates a truncated N-terminal protein of 115 aa, of approximately 20 kDa, composed of the first 75 aa of the 
dupα7 protein and 40 new aa (white box) due to the shift in the reading frame. Along with this, two other proteins can putatively be generated: the 38 kDa protein as 
in C, if the AUG codon in exon 6 is used, and a 40 kDa protein. This protein can originate from either of two AUG codons located upstream of the Δ2 bp that gives rise 
to a peptide that would be out of frame for 6 or 13 aa (white box) at the N-terminal before the 2 bp deletion would correct the frame, thus including amino acids 
77–412 of the dupα7 protein. The first methionine residue is indicated as M. Stop indicates the stop codon. 
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of the N-terminal truncated peptide in the presence of the 2 bp deletion, 
as this peptide would be detectable only with a dupα7 N-terminal spe
cific antibody [35]. 

4. Localization and function of CHRNA7 and CHRFAM7A 

The α7 nAChR is widely expressed in both the periphery and in the 
central nervous system. It is present both pre- and post-synaptically 
[36]. It is more permeable to Ca2+ than other nicotinic receptors [37], 
activating voltage dependent Ca2+ channels, VDCCs, resulting in Ca2+

release from the endoplasmic reticulum [38]. Expression in macro
phages and in the vagus nerve [39] is important in the inflammatory 
response [40]. Desensitization is faster, less complete in α7 nAChR and 
recovery faster than in other nicotinic receptors [41]. 

In the brain, highest expression of α7 nAChR mRNA and protein is 
localized in the hippocampus, cingulate gyrus, geniculate, and the 
reticular nucleus of the thalamus [29,37,42] where presynaptic 
expression leads to release of multiple different neurotransmitters, 
including ACh, glutamate, dopamine and GABA. Post-synaptically, α7 is 
localized in post-synaptic densities, PSD, [43] where Ca2+ release results 
in phosphorylation of CREB [44], leading to changes in gene expression. 
Indeed, expression of more than 200 proteins is changed in human brain 
by nicotine [45]. Some of these changes may be permanent [46]. 
Expression in astrocytes and microglia [47–50] plays a role in 
neuroprotection. 

In the periphery, α7 nAChR regulates proliferation, differentiation, 
migration, adhesion, cell contact, apoptosis, angiogenesis, and tumor 
progression, reviewed in [10], by mechanisms involving metabotropic 
function of the receptor [51]. The pathway is not completely understood 
but appears to occur at the time of receptor desensitization when the 
channel is closing. It allows continued release of Ca2+ from intracellular 
stores, through direct G-protein coupling and interaction with other 
G-protein coupled receptors (GCPR), extending the function of the α7 
nAChR [52]. The M3-M4 loop in the α7 peptide contains the G protein 
binding cluster of amino acids AWFLRMKRPGED [51]. The M3-M4 loop 
in the dupα7 peptide is identical, suggesting that the dupα7 subunits in 
the heteroreceptor might also bind G-proteins. 

The CHRFAM7A gene is expressed as the dupα7 protein in human 
brain and also in the periphery, representing 10–20% of the α7 mRNA in 
brain [53,54]. It is found in dorsolateral prefrontal cortex at higher 
levels prenatally and expression decreases gradually into adulthood 
[55]. CHRFAM7A mRNA is abundant but is translated poorly with only a 
5% efficiency [8,56]. In the periphery it is expressed by more than thirty 
tissues [10] including leukocytes. Here, CHRFAM7A mRNA is expressed 
two orders of magnitude higher than CHRNA7 [54,57]. 

Both dupα7 and dupΔα7 assemble with α7 subunits to form a pen
tameric receptor, expressed at least partially, on the cell surface [56, 
58–60]. The effect of incorporation of the duplicated gene products into 
α7 nicotinic receptors is to decrease the agonist-stimulated current [8, 
54,58], a dominant-negative regulation, as also demonstrated by the 
reduced binding of [125I]-α-bungarotoxin (α-BTX) to the α7/dupα7 re
ceptors in oocytes, cell lines, and transgenic animals, compared to α7 
receptors [8,10,59,61]. Expression of dupα7, thus, reduces neurotrans
mitter release [62]. Receptors can be functional with up to three dupα7 
subunits, although there needs to be at least two adjacent α7 interfaces 
for ligand binding [58,63]. The dupΔα7 subunit with the 2 bp deletion 
in exon 6 is a more potent inhibitor than dupα7 [8]. 

The mechanism for decreased function of receptors containing 
dupΔα7 has not been elucidated. Additional studies are needed to 
determine whether the dupα7-containing receptors or dupΔα7 are 
differentially sequestered in the endoplasmic reticulum or have differ
ences in functional agonist binding sites [10]. 

The negative regulatory role gives one possible explanation for 
CHRFAM7A emergence, as it is known that overexpression of CHRNA7 is 
detrimental during development [9], probably due to increased Ca2+

flux and the low expression of Ca2+ binding proteins early in 

development. Indeed, CHRFAM7A expression decreases with aging [55]. 
Due to its high expression in the innate immune system lineage, the 

role of dupα7 has been investigated mainly in animal and cellular 
models of inflammatory and neurodegenerative disorders, resulting in 
controversial data [10], as CHRFAM7A expression has been associated 
with both pro-inflammatory and anti-inflammatory effects. Recent 
studies in transgenic animals indicate that its forced expression confers a 
pro-inflammatory phenotype, as it increases the hematopoietic stem cell 
(HSC) reservoir in the bone marrow. When mobilized, following sys
temic inflammatory response syndrome (SIRS) activation, these stem 
cells are biased toward a monocyte/macrophage lineage differentiation 
in the inflamed lungs [64]. Moreover, CHRFAM7A ameliorated hyper
trophic scar formation by regulating macrophage phenotypic transition, 
attenuating M2 polarization [65]. Further, it plays an anti-inflammatory 
effect by improving survival in lipopolysaccharide (LPS) exposure and 
decreasing acute lung injury in a severe cutaneous burn model [66]. A 
protective anti-inflammatory effect and reduced oxidative stress has 
been measured in a mouse model of radiation-induced lacrimal gland 
injury [67], and in a model of intracranial infection [68]. In the mouse 
brain, CHRFAM7A overexpression modulates α7-mediated signaling 
pathway proteins linked to neurodegenerative disorders and alcoholism, 
thus suggesting that CHRFAM7A may contribute to the pathogenesis of 
these disorders [60]. 

Most studies are in animal models, which should be interpreted with 
care, since CHRFAM7A is a human-specific gene. A closer model for 
human physiology comes from iPS-derived neurons and microglia of 
individual carriers (or not) of the CHRFAM7A gene [35,69,70]. In 
neurons, the presence of CHRFAM7A increased the desensitization of 
PNU-modulated α7 nAChR currents, mitigated Aβ1–42 uptake and 
Aβ1–42-induced inflammatory response, suggesting a protective role. On 
the other hand, it affects the response to ACh-esterase inhibitors 
(AChEi), used in AD therapy [35]. In iPS-derived microglia, despite the 
lower Aβ uptake, the presence of CHRFAM7A induced an innate immune 
response, NF-κB activation and the transcription of NF-κB target genes 
(TNFA, IL6, and IL1B), by prolonging NF-κB translocation into the nu
cleus [70]. 

The limit of these studies relies on the difference in the regulation of 
CHRFAM7A expression, as its forced expression is under the control of 
constitutive promoters, whereas the endogenous gene is modulated by 
several external stimuli [54,57]. Indeed, in patients, alteration in 
CHRFAM7A expression is associated with several diseases [10], sug
gesting an anti-inflammatory and protective role (see below). 

Therefore, copy number of CHRFAM7A and CHRFAM7AΔ2bp is a 
critical issue in human research, as this varies in human subjects [9], as 
well as the regulation of expression that is modulated by multiple stimuli 
[10]. However, whether CHRFAM7AΔ2bp is expressed in vivo is still an 
open question, due to the lack of specific antibodies capable of recog
nizing the N-terminal truncated peptide. Further, the missing expression 
cannot rule out that the protein is translated but immediately degraded. 
So far, studies aimed at defining the role of dupα7 in vivo consider 
CHRFAM7AΔ2bp a null allele [35]. 

Importantly, Wang et al. [56] found that the dupα7 peptide also 
assembles with the α3 and α4 nicotinic receptor subunits, suggesting 
that it might regulate the entire receptor family. This needs to be further 
investigated. Drug development testing for this important receptor 
family in humans could also be affected since the CHRFAM7A gene is not 
found in laboratory animals [31]. 

In conclusion, the relative expression of CHRFAM7A may determine 
individual variability in the susceptibility/resiliency to injury and 
pathological conditions, thus determining a human-specific response. 

5. Regulation of CHRNA7 and CHRFAM7A gene expression 

The wider tissue expression of both the CHRNA7 and CHRFAM7A 
genes [10,64] and the several roles played by α7, reviewed in [10], 
require a strict regulation during development, in differentiated tissues, 
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in response to changing cell environments, and in pathological 
conditions. 

CHRNA7 expression during development has been extensively 
studied in mice [71–76], where there is a peak of induction between 
E15-E17 both in several areas of the CNS and in the sensory and auto
nomic ganglia of the peripheral nervous system (PNS), lasting up to the 
early post-natal period [76]. In humans [77–79], high levels of CHRNA7 
gene expression have been detected between 5 and 11 weeks gestational 
age in sensory regions of the fetal brain and spinal cord, such as those of 
the neocortex and hippocampus, the thalamic nuclei, the reticular 
thalamic nucleus, the pontine nuclei and the superior olive complex, 
that positively correlates with [125I]alpha-bungarotoxin binding, sup
porting the important role of α7 nAChR in the development of the 
central nervous system [80]. 

In non-neuronal tissues of the mouse [76], CHRNA7 mRNA expres
sion was detected in the adrenal medulla, kidney and tongue from E15 to 
birth; other selected peripheral tissues showed low to moderate 
expression during embryonic development, potentially related to cells 
derived from the neural crest. Little or no mRNA expression was 
detected in thymus or spleen at early developmental stages. The α7 
nAChR plays a critical role in the "cholinergic anti-inflammatory 
pathway" (CAIP) [81] and its expression has been detected in cells of 
the immune system [82]. 

Due to its human-restricted expression, little or no data are available 
for CHRFAM7A expression during development. Long-distance regula
tion by the Prader-Willi/Angelman syndrome’s imprinting center (PWS- 
IC) of both CHRNA7 and the duplicated gene has been reported [83]. 
Changes in the expression of CHRFAM7A are related to diseases into 
adulthood, reviewed in [10]. 

In summary, all these data highlight the importance of studying the 
mechanisms underlying the transcriptional regulation of both genes. 
The understanding of how the regional and developmental expression of 
CHRNA7 and CHRFAM7A, as well as changes in disease, are controlled 
at the transcriptional level is still far from completion. Moreover, altered 
expression of dupα7 and dupΔα7 would affect the function of α7 re
ceptor expression, leading to impaired α7 controlled pathways. This 
could change the levels of cytokines [10,40,84], with a detrimental 

effect on the resolution of inflammation. 

5.1. CHRNA7 

Transcription of the CHRNA7 gene is driven by a TATA-less, CAAT- 
less promoter, cloned from several species including chicken [85], rat 
[86], mouse [87], bovine [88] and human [25]. The core promoter is 
characterized by the presence of a GC-rich region, forming a CpG island 
capable of binding Egr-1 and Sp1 transcription factors [86,88–91], 
conserved across the species (Fig. 3A) [25,92,93]. Moreover, CHRNA7 is 
down-regulated by the transcription factor AP2α [94]. Putative binding 
sites for transcription factors of the AP1 family have also been described 
[93]. Single nucleotide polymorphisms (SNPs) in the promoter, affecting 
transcription factor binding sites, show significant association with 
schizophrenia and some of the mutations decrease promoter activity 
[45,92,93]. 

Transcription of the CHRNA7 gene is also modulated by DNA 
methylation. Methylation of the CpG islands is responsible for tissue 
specific silencing of CHRNA7 [95], with a correlation between the level 
of DNA methylation in the promoter of CHRNA7 and the level of 
CHRNA7 mRNA found in various tissue types [95,96]. The presence of 
SNPs in this region can influence the methylation level of the CHRNA7 
promoter, suggesting that their effect could be antagonized by epige
netic drugs [96]. Moreover, the long-distance regulation by the PWS-IC 
may involve methylation [83]. 

Altered expression of CHRNA7 has been described in several 
inflammation-based diseases [10,97], including cancer [98]. Few 
studies report on the mechanism of regulation of α7 expression in 
non-neuronal tissues. In squamous cell carcinomas of the lung [99] 
nicotine accelerates tumor growth, worsening clinical outcome by 
means of transcriptional induction of the α7 gene involving Sp1 and 
GATA4/6 transcription factors. In human non-small cell lung (NSCL) 
adenocarcinoma cell lines [100] nicotine regulation of α7 gene expres
sion is under the control of the E2F1 and STAT1 transcription factors, 
which bind competitively to overlapping sites in the α7 promoter, with 
E2F1 inducing α7 expression while STAT1 represses it through the 
activation of Src, PI3K, MEK1/2, cDK4/6, Rb-Raf signaling pathways 

Fig. 3. CHRNA7 and CHRFAM7A regulatory regions. A, CHRNA7 proximal promoter region from human, bovine and rat gene. The transcription start sites are 
indicated in orange (human), blue (rat) and red (bovine), respectively. Characterized Egr-1 (dashed box), Sp1 (blue box), Ap-2α (red box) and USF-1/2 (green box) 
binding sites are shown. B, CHRFAM7A proximal promoter region. The transcriptional start site is indicated by the red arrow. Exon D’ and exon D are in bold. The 
− 557/− 184 intervening sequence contains the LPS-responsive element, with putative NF-κB binding sites. A putative STAT3 consensus sequence is underlined. In 
green is the AluY sequence. 
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[100]. 
It has been proposed that up-regulation of CHRNA7 by HIV-1 enve

lope protein gp120IIIB [101] could be mediated by the activation of the 
Ras-raf-MEK pathway, leading to the activation of Egr-1. The large in
crease in expression of α7 nAChR likely results in neuronal toxicity in 
HIV-1 infection [101]. 

In macrophages, CHRNA7 expression is induced by LPS [102,103], 
leading to the activation of the CAIP, a pathway that is reinforced by the 
concomitant administration of donepezil [57], an anti-cholinesterase 
inhibitor with known described anti-inflammatory properties [104, 
105]. The molecular mechanism has not yet been elucidated. 

5.2. CHRFAM7A 

A ~2 kb promoter in CHRFAM7A has been characterized in leuko
cytes that contains part of exon D (Fig. 3B) [57]. Like CHRNA7, the 
promoter is devoid of a TATA-box; an AluY sequence modulates its ac
tivity. Like CHRNA7, Sp1 and AP2α sites are also found in the 
CHRFAM7A promoter [57], but regulation of CHRFAM7A mRNA levels 
by these transcription factors has not been examined. The high 
GC-content of these sites suggest that CHRFAM7A could be regulated by 
DNA methylation as well. 

In the immune system, LPS decreases the transcription of 
CHRFAM7A in an NF-κB dependent manner [103], and the 
LPS-responsive region has been localized in the proximal part of the 
promoter [57], in a region embedded with putative NF-κB binding sites 
(Fig. 3B). Which subunit of the NF-κB family is involved in the modu
lation of the effect is yet to be determined, but it may involve epigenetic 
regulation [103]. 

The LPS effect can be antagonized by donepezil [57], that could be 
explained by the inhibition of LPS-induced NF-κB nuclear translocation 
[106]. Conversely, in some gut epithelial cell lines [107], LPS increased 
CHRFAM7A expression, an effect mediated by putative NF-κB binding 
sites in the 3480 bp long intronic region between exon C and B. 

The α7 nAChR, after inflammatory stimuli, decreases the release of 
pro-inflammatory cytokines by activating the JAK/STAT pathway 
[108]. The presence in the CHRFAM7A promoter of a putative binding 
site for the STAT3 factor suggests a cross-regulation of the two α7 genes 
(Fig. 3B). 

The expression of CHRFAM7A mRNA is down-regulated by 1 μM 
nicotine in macrophages to 50%, [54], but this does not seem to occur in 
lymphocytes [9]. Decreased expression of dupα7 also occurs in the 
presence of IL-1β [54] and HIV-1 envelope protein gp120IIIB [109]. 

No data are available regarding regulation of CHRFAM7A gene 
expression in neurons. Promoter investigation is complicated in subjects 
with the 2 bp deletion in exon 6, as it is accompanied by a gene inversion 
[33]. It is important to determine whether the regulatory region is 
different in the CHRFAM7AΔ2bp gene, which is present in 42% of 
Caucasians. 

6. Mutation and gene expression deregulation in CHRFAM7A 
and Disease 

Many neurological, neurodegenerative and inflammatory disorders 
with cholinergic system involvement have shown a common deregula
tion in the expression of both CHRFAM7A and CHRNA7 [10]. This is also 
corroborated by the finding that in healthy conditions a positive asso
ciation between the gene expression for CHRNA7 and CHRFAM7A exists 
[110,111] or that at least the two genes are co-regulated [57,103,107]. 

Human mental illnesses are heterogeneous diseases and multigenic 
[112]. Further, interactions in the brain often involve circuits with 
multiple gene functions. This makes studying the genetics and mutation 
complex and requires a large cohort of patients of multiple ethnicities 
and symptoms [113,114]. Newer studies are on endophenotypes and 
candidate genes [112]. A number of common mental illnesses have been 
associated with both CHRNA7 and CHRFAM7A, including 

schizophrenia, bipolar disorder, autism, and Alzheimer’s disease (AD) 
[9] (Table 1). Genetically, linkage or association in these disorders has 
been identified at the chromosome 15q14 locus, where both genes map 
[115–119]. The biological link between these diseases may be deficits in 
cognition [120] and sensory processing [92,121]. 

The α7 nAChR is ubiquitous and, as it allows the influx of Ca2+ into 
the cell, influences many illnesses with cognitive deficits, including AD 
[122] and Parkinson’s (PD) diseases [123]. Decreased expression of 
CHRNA7 has been noted in postmortem brain of schizophrenics, as 
measured by α-bungarotoxin binding [124] and mRNA studies [45]. 
Expression of CHRFAM7A is increased in schizophrenic subjects, likely 
explaining the decreased expression of α7 nAChR as measured by 
α-bungarotoxin binding [8]. 

There are no differences in copy number of CHRFAM7A in schizo
phrenic individuals [53]. However, large chromosomal deletions of 
15q13–14 involve both genes and these large deletions are associated 
with schizophrenia [125,126], as well as autism and bipolar disorder 
[127]. There are six repetitive regions on Chromosome 15 identified as 
breakpoint regions in Prader-Willi Syndrome [128,129]. Deletions 
found in schizophrenia occur in BP4 and BP5, which contain the 
CHRNA7/CHRFAM7A gene cluster [129]. 

SNPs in both CHRNA7 and CHRFAM7A are reported to be linked to 
dementia, AD [130–132] and schizophrenia [30,92]. Promoter muta
tions in CHRNA7, specifically rs3087454 are genetically linked to a 
measure of focus, the P50 auditorily evoked response deficit, and 
schizophrenia [92,93]. This SNP has been used successfully in phar
macogenomic studies in schizophrenia [133,134]. The 2 bp deletion in 
CHRFAM7A is rarely found in individuals with a promoter mutation in 
CHRNA7 [53] but is found more frequently in schizophrenic subjects 
[32]. The CHRFAM7A 2 bp mutation, dupΔα7 is also associated with 
poor episodic memory [135], bipolar disorder [136,137] and inversely 
associated with idiopathic generalized epilepsy (IGE) [138]. Determi
nation of both copy number and presence of the 2 bp deletion in 
CHRFAM7A is important as the dupΔα7 peptide is a more potent in
hibitor of α7 nAChR function than is dupα7 [8]. Further investigation of 
dupα7 and dupΔα7 in other cognitive disorders is sorely needed [120]. 

Table 1 
Mutation and expression deregulation of CHRFAM7A and CHRNA7 in diseases. 
↓decreased expression; ↑increased expression. MCI, Mild cognitive impairment; 
AD, Alzheimer’s disease.  

Disease Mutation/expression level Ref 

Neuronal   
Schizophrenia (brain 

tissue) 
↑CHRFAM7A ↓CHRNA7; association 
of Δ2bp with P50 sensory gating 

[32,33,45, 
123] 

Major depressive and 
bipolar disorders 

association with Δ2bp in 
CHRFAM7A 

[135,136] 

Idiopathic generalized 
epilepsy (IGE) 

1.5 Mb microdeletion (CHRNA7); 
low frequency of Δ2bp (CHRFAM7A) 

[137,141] 

Attention deficit 
Hyperactivity Disorder 
(ADHD) 

15q13.3 duplication (CHRNA7); no 
association with Δ2bp (CHRFAM7A) 

[142] 

Rett Syndrome ↓CHRNA7 [82] 
MCI and late-onset AD ↓CHRFAM7A [152] 
Non-neuronal   
Sepsis ↑↓CHRFAM7A ↑CHRNA7 [60] 
Inflammatory bowel 

disease 
↓CHRNA7 ↑CHRFAM7A [144] 

Osteoarthritis (OA) ↑↓CHRFAM7A [145–147] 
Cerebral Ischemia/ 

reperfusion (I/R) injury 
↓CHRFAM7A [148] 

Hypertrophic scars (HTS) ↓CHRFAM7A [64] 
Radiotherapy-induced 

lacrimal gland injury 
↑CHRFAM7A [66] 

COVID-19 ↓CHRFAM7A [149] 
Spinal cord injury (SCI) Δ2bp (CHRFAM7A) association with 

increased cytokines level 
[150,151] 

HIV-1 ↓CHRFAM7A ↑CHRNA7 [100,108] 
Squamous cell lung tumor ↓CHRFAM7A ↑CHRNA7 [97,153]  
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Genetic linkage to the P50 deficit is more prevalent than linkage to 
schizophrenia [115,139]. The P50 deficit is transiently normalized with 
nicotine and other nicotinic receptor agonists [140]. Smoking is inor
dinately high in schizophrenic individuals, suggesting that it might be 
therapeutic [141]. Expression of the α7 receptor is decreased in 
schizophrenia and increased by smoking [45]. CHRFAM7A is increased 
in expression in patients compared to controls [9], as is the ratio 
CHRFAM7A/CHRNA7 [55] and is decreased in expression in smokers 
[9]. Since dupα7 is a potent inhibitor of α7 nAChR, increasing its 
expression would decrease the function of α7. This might explain the 
decreased binding of α-bungarotoxin, in schizophrenic brain [45,124]. 
CHRFAM7A is, thus, another important drug target for schizophrenia. 
Indeed, drug development that increases the function of α7 nAChR re
ceptors in any way should be helpful in these cognitive disorders. 

Microdeletion or duplication of the region encompassing the 
CHRNA7 gene is linked to IGE [142] and attention deficit hyperactivity 
disorder (ADHD) [143], respectively, altering the CHRFAM7A/CHRNA7 
ratio. 

α7 and dupα7 play a fundamental role in the activation of the CAIP 
[57,81,103], a vagal nerve-activated inflammatory reflex that results in 
inhibition of the release of cytokines [144]. Deregulation of CHRFAM7A 
expression level, as well as the presence of the Δ2 bp polymorphism, is 
associated with deregulated immune response (reviewed in [10]) 
(Table 1). Dupα7 may have both pro-inflammatory and 
anti-inflammatory effects. Patients with sepsis showing a high CHRFA
M7A/CHRNA7 ratio have a poor prognosis compared to those express
ing higher CHRNA7 levels [61]; CHRFAM7A expression is also increased 
in Inflammatory Bowel Diseases (IBD) [145] and in chondrocytes of 
osteoarthritic patients [146], with a detrimental effect on the resolution 
of inflammation [147,148]. A protective role has been suggested in ce
rebral ischemia/reperfusion (I/R) injury [149], in intracranial infection 
[68], in hypertrophic scar formation [65], in a mouse model of 
radiation-induced lacrimal gland injury [67], and in COVID-19 patients 
[150]. Indeed, a link between the nicotinic cholinergic system and 
COVID-19 has been hypothesized [151,152]. Patients with severe 
COVID-19 disease had lower expression of CHRFAM7A than the controls 
associated with increased severity of the disease, as they show a higher 
level of C-reactive protein, increased lymphopenia and higher extension 
of pulmonary lesions [150]. These data suggest that individuals with no 
CHRFAM7A or with the dupΔα7 allele, may develop symptomatic and 
severe COVID-19 disease. Ongoing trials are evaluating the usefulness of 
stimulating the cholinergic anti-inflammatory pathway by nicotine, 
α7-agonists, or stimulation of the vagus nerve [152,153] to ameliorate 
the clinical outcome. 

The mechanisms for these effects require further study. The presence 
of the Δ2 bp polymorphism may affect the clinical outcome in in
dividuals with traumatic spinal cord injury (SCI) [154,155]. Moreover, 
the SNP rs34007223 in CHRFAM7A results in an increased level of 
high-sensitivity C-reactive protein (hsCRP) in healthy individuals [110]. 
SNPs in both CHRNA7 and CHRFAM7A, other than Δ2 bp and 
rs34007223, could also affect cytokine release after LPS challenge 
[110], some of them mapping in the common region of the two genes, 
thus making it difficult to understand which of the genes is determining 
the effect. All these studies, despite the controversial role of dupα7 as a 
regulator of the immune response, suggest that CHRFAM7A may be 
considered a therapeutic target in inflammatory diseases. 

Dupα7 may play a protective role in the early phase of AD etiology, 
as reduced CHRFAM7A expression has been measured in human post- 
mortem temporal lobe tissue of AD patients [156]. Indeed, studies in 
iPS-derived neurons of individual carriers (or not) of the CHRFAM7A 
gene have shown that the presence of CHRFAM7A mitigates Aβ1–42 
uptake and Aβ1–42-induced inflammatory response [35,69,70], thus 
limiting the α7-mediated neuronal vulnerability. At later stages of AD, 
CHRFAM7A has a detrimental effect as it limits the beneficial effect of 
AChEi-based therapy [35]. 

Reduced CHRFAM7A expression has been measured in squamous 

and adenocarcinoma lung tumors [98,157], which facilitates the 
α7-mediated oncogenesis. 

7. Therapeutic approaches 

The human specific duplicated gene, CHRFAM7A, though difficult to 
study, represents an important drug target, as it may explain the failure 
of translating α7-directed therapeutic approaches into humans. The α7 
nAChR fluxes calcium and, thus, is involved in many cellular systems 
[9]. The duplicated gene product assembles with α7 subunits forming 
heterodimeric receptors, where it is a dominant negative regulator of α7 
function. The controversial data on the involvement of dupα7 in 
α7-related disorders [10], with either a detrimental or a benign effect, 
have in common the impact of CHRFAM7A copy number variation 
and/or the Δ2 bp polymorphism, and deregulation of both CHRNA7 and 
CHRFAM7A expression. Regulating the expression of both genes and 
therefore the function of the α7/dupα7 receptor could be helpful in 
many disorders, particularly those involving cognition (Table 1). 
Increasing expression of dupα7 and dupΔα7 would inhibit α7 nAChR 
function; decreasing expression of dupα7 and dupΔα7, would tend to 
increase function of this important nicotinic receptor. 

7.1. Pharmacology of the heteroreceptor 

Very recent data are starting to shed light on the pharmacology of the 
heteroreceptor. Co-assembly of α7 with dupα7 results in decreased 
α-bungarotoxin binding [8] and altered sensitivity to varenicline [56], a 
full agonist of α7 nAChR that showed improved cognition and rate of 
smoking cessation in schizophrenic patients [158]. The increased 
sensitivity suggests that varenicline may be helpful for smoking cessa
tion in schizophrenia. 

Presence of the 2 bp mutation in CHRFAM7A (dupΔα7) has been 
associated with schizophrenia [32], the P50 deficit in both schizo
phrenia and bipolar disorder [137,159], and also with poor episodic 
memory [135]. Perinatal treatment of pregnant women with phospha
tidylcholine has shown promise, resulting in normalization of the P50, a 
measure of attention, in neonatal infants [160]. Choline was previously 
shown to correct sensory gating in a mouse model [161]. In the human 
studies, phosphatidylcholine was used rather than choline, which is a 
specific agonist of the α7 nAChR, because trimethyl urea, a metabolite of 
choline has a strong odor [160]. Phosphatidylcholine is metabolized, 
interchangeably, with choline and oral intake increases choline levels 
[162]. The α7 nAChR is expressed very early in development, during 
neuronal migration when synapses are forming [75]. Receptors con
taining the dupα7 gene product have increased sensitivity to choline 
[56], but this is not seen when the 2 bp deletion is present, suggesting 
that children with dupΔα7 might benefit from perinatal choline 
administration. Approximately 20% of pregnant women fail to consume 
sufficient choline-rich foods. Phosphatidylcholine is utilized in mem
brane development and also increases serum levels of choline [162]. 
Several other studies suggest effects on cognition from perinatal choline 
administration (reviewed in [163]). While perinatal treatment is hope
ful, it is difficult to project what the effects of this will be 20 years later in 
the adult. 

Type II positive allosteric modulators (PAMs), such as 1-(5-chloro- 
2,4-dimethoxy-phenyl)- 3-(5-methyl-isoxazol-3-yl)-urea (PNU-120596) 
interact with the transmembrane domains of the receptors [164], which 
are similar in α7 and dupα7. Receptors containing dupα7 might, thus, be 
expected to respond to PAMs. However, this appears to be controversial 
[8,58]. Results in individual studies can differ in receptor stoichiometry 
due to the ratio of gene copies introduced, or the type of cells used. For 
example, the expression ratio CHRNA7/CHRFAM7A is not the same in 
neurons and immune cells, and other tissues (reviewed in [10]), a 
consideration that could affect the results reported. 

The presence of dupα7, but not dupΔα7, significantly decreased 
Aβ1–42 uptake and Aβ-induced cytotoxicity and apoptosis in medial 
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ganglionic eminence (MGE) neurons derived from iPSCs of AD patients 
[35], thus suggesting a protective role at least in the initial phase of the 
disease, when Aβ1–42 concentration is low. 

AChEi, donepezil and rivastigmine, are used as a symptomatic 
therapy in AD. Polymorphisms in CHRNA7 have been described to in
fluence the responsiveness to AChEi treatment in AD [130,131,165], 
indicating that genetic variants of this receptor can alter its function. 
Studies on population genotyped for the presence of the CHRFAM7A 
gene have shown that in AD patients about 75% of the individuals carry 
the functional allele of CHRFAM7A and the remaining 25% are carriers 
of the (non-functional) dupΔα7 allele or are missing totally the 
CHRFAM7A gene, a percentage similar to that found in normal aged 
controls. AChEi decreased Aβ-induced cytotoxicity and apoptosis only in 
a CHRFAM7A-null cell line but not in CHRFAM7A carriers [35]. 

This data is in agreement with the re-analysis of AD trials, showing 
that the presence of CHRFAM7A does not affect the incidence of the 
disease but only the non-functional or missing CHRFAM7A allele car
riers are good responders to AChEi treatment (75% non-responders vs 
25% responders). 

Therefore, assessing the presence of dupα7 and/or dupΔα7 may be 
beneficial for the 25% non-carriers of the CHRFAM7A gene. 

7.2. Regulating gene expression: CRISPR/dCas9 

Deregulation of CHRFAM7A expression has been measured in several 
neurological and non-neurological disorders [10], where increased/re
duced expression may predict protective/detrimental effects. Therefore, 
regulating its expression may have a therapeutic value that could avoid 
the side effects associated with alpha7 agonist therapies. 

As discussed, the α7 nAChR plays an important role in lung cancer, 
and inhibiting its function is a promising strategy in counteracting α7- 
mediated oncogenesis. CHRFAM7A is downregulated in non-small cell 
lung cancers (NSCLC) and its overexpression in two NSCLC cell lines 
blocked both nicotine and NKK-induced tumor progression [157], 
probably by the formation of the less functional heteromeric receptor. 

This observation is a proof of concept that treatment aimed at 
restoring the expression of CHRFAM7A may result in a beneficial effect, 
in several disorders. This approach would rely on the screening and 
identification of molecules with regulatory effect on the expression of 
CHRFAM7A, either inducing or repressing it; such molecules may have a 
broader effect on gene regulation. However, the discovery of molecular 
tools capable of inducing specific changes into the genome has revolu
tionized biochemical research. 

Gene editing technologies have emerged as a potential treatment for 
human genetic disorders, by introducing site-specific modification of a 
gene resulting in its deletion, replacement, or correction to produce the 
desired therapeutic effect. These technologies exploit the ability of 
sequence-specific endonucleases to introduce a double strand cleavage 
in the target DNA sequence and by activation of the cell’s endogenous 
DNA repair mechanism modify the desired sequence [166]. In addition 
to site-specific gene editing, these technologies have also rapidly 
developed into a set of tools to modulate gene expression [167–169]. 
Three genome editing systems are available: the zinc-finger nucleases 
(ZFNs) [170], the transcription activator-like effector nucleases (TAL
ENs) [171] and the clustered regularly interspaced short palindromic 
repeats-associated Cas nuclease (CRISPR/Cas) [172]. 

The CRISPR/Cas system is based on specific RNA-protein in
teractions between a Cas9 endonuclease and a gene-specific guide RNA 
(gRNA) that directs Cas9 endonuclease to cleave the target sequence in 
the genome [173]. The gRNA includes a 20-base RNA sequence com
plementary to the target DNA sequence, and a sequence necessary for 
Cas9 interaction and its targeting to execute DNA cleavage. 

Besides gene editing, the CRISPR/Cas9 system has also been used for 
modulating gene expression and epigenetic modification. This approach 
can be useful for specific regulation of CHRFAM7A gene in several dis
orders (Fig. 4). By exploiting the DNA-binding properties of CRISPR/ 

Cas9, a catalytically-dead Cas9 enzyme (dCas9) resulting from muta
tions in the endonuclease domain of the Cas9 protein, which retained its 
capacity to recognize and bind a target DNA sequence [169], has been 
generated. The CRISPR/dCas9 complex repressed gene expression 
without introducing modification in the genome. This observation has 
paved the way for the development of new CRISPR/dCas9 tools coupled 
to transcriptional effectors (Fig. 4) capable of activating (CRISPRa) or 
repressing (CRISPRi) gene expression [174] or targeting the epigenetic 
modifications [175] to modify the gene methylation status (CRISPR 
DNA methylation) or the acetylation and methylation level of histone 
proteins (CRISPR Epigenetic modifier). Indeed, histone demethylases 
(HDM), histone methyltransferases (HTMs), histone acetyltransferases 
(HATs) and deacetylases (HDACs), and DNA methylation modifying 
factors such as DNA methyltransferases (DNMTs) and DNA methylases 
(TET proteins), have been coupled to the CRISPR/dCas9 complex 
[176–179]. Inducible CRISPR systems have also been developed 
[180–183], based on photoactivated Cas9 and chemically induced 
CRISPRs [184]. These molecules can selectively target CHRFAM7A gene 
(Fig. 4) to rescue dysregulation defects in several disorders. 

Both genome editing and modulation of gene expression by CRISPR/ 
Cas9 have an undoubtedly therapeutic potential for a multitude of ge
netic diseases. 

Despite some limitations due to the delivery of CRISPR/Cas9 to 
target cells, to the precision and efficacy of gene editing and to the 
avoidance of off-target effects and safety [185], several on-going pre-
clinical and clinical trials (reviewed in [166,186]), based on both ex-vivo 

Fig. 4. CRISPR effectors for regulating CHRFAM7A expression. Single 
guide RNA (in red) targets inactive (dCas9) CRISPR/dCas9 complex to the gene. 
Black arrow represents a transcription initiation site. CRISPRa, engineered 
Cas9-based transcriptional activator, where dCas9 is fused in frame with 
tandem VP64-p65-Rta (VPR) transcription factor activation domains. The green 
line indicates activation of transcription; CRISPRi, engineered Cas9-based 
transcriptional repressor, where dCas9 is fused in frame with the repressor 
domain of Krüppel associated box (KRAB) transcription factor. The orange line 
indicates inhibition of transcription. CRISPR DNA methylation, DNA methyl
transferase 3 A (DNMT3A) or ten–eleven translocation methyl cytosine dioxy
genase (TET) can be fused to dCas9 to increase methylation (arrowed pink line) 
or demethylate (blunted pink line) the CHRFAM7A gene thus repressing or 
activating its expression, respectively. CRISPR Epigenetic modifier, histone 
methyltransferase (HMT), histone demethylase (HDM), histone acetyltransfer
ase (HAT) and histone deacetylase (HDAC) fused to dCas9 modify the epige
netic status of CHRFAM7A gene by altering the acetylation (Ac) and 
methylation (Me) grade of histone proteins. HAT and DMT (brown arrowed 
line) add acetyl- and methyl-groups; HDAC and HDM (brown blunted line) 
remove acetyl- and methyl-groups. The histone acetylation and methylation 
grade results in activation (blue arrow) or repression (red arrow) of the 
target gene. 
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and in vivo genome editing, show promising results for the treatment of 
hemoglobinopathies, retinal dystrophy, cancers and immune cell dis
orders [187,188], many of which have already been associated with 
CHRFAM7A expression deregulation [10]. 

In parallel to gene editing therapies, CRISPR/Cas9 technology can 
facilitate the discovery of the functional role of a gene. To unravel the 
functional role of CHRFAM7A, an alternative approach to transgenic 
animals, based on constitutive promoter-driven expression of 
CHRFAM7A [59,64,189], is based on the genome editing of induced 
pluripotent stem cells (iPSCs) from patients with α7/dupα7-driven dis
eases [69,190]. This system can also be also a valuable tool for the 
screening and validation of molecules and of genome editing based 
therapy. 

8. Conclusions 

The identification of human-specific genes is important for under
standing the mechanisms that make human beings unique. However, the 
role of these lineage-specific genes, including a partial duplication of the 
CHRNA7 gene, CHRFAM7A, has not been fully elucidated. In the case of 
CHRFAM7A these studies have been limited by the presence of the ho
mologous gene CHRNA7. When searching for variants in the genome 
that are associated with diseases or physical traits, the results are 
confounded by the presence of the extensive homologous regions be
tween the two genes. Further, the CHRFAM7A gene has common copy 
number variations, and the protein, dupα7, is expressed at low levels in 
many tissues. The duplicated regions of CHRFAM7A are almost identical 
to those of CHRNA7 and the unique regions share major homology with 
another gene, ULK4, making the generation of a specific antibody 
difficult. 

Given the high calcium conductivity of the α7 nAChR, the emergence 
of CHRFAM7A may have occurred in response to the need to modulate 
α7 receptor hyperactivation, and thus calcium fluxes in early develop
mental stages, when the expression of Ca2+ binding proteins is low, as 
suggested by the observation that CHRFAM7A expression decreases with 
aging. 

Although it is now clear that the primary function of dupα7 is to 
negatively regulate the function of the α7 nAChR through the formation 
of heteropentamers, CHRFAM7A may have different functions depend
ing on the tissue and/or organ. Its overexpression might contribute to 
other roles of the α7 nAChR, for example regulating the metabotropic 
function of α7 nAChR. Additionally, dupα7 may assemble with other 
nicotinic receptor subunits, effecting changes in multiple pathways. The 
α7 nAChR plays differing roles in different tissues, being neuro
protective or pro-proliferative, explaining other discrepancies when 
studying the function of CHRFAM7A. Therefore, determining the 
expression levels of the two genes that defines the optimal CHRNA7/ 
CHRFAM7A ratio in different contexts plays an important role in the 
study of different pathologies. The dysregulation of CHRFAM7A 
expression, both neurological and inflammatory, offers an important 
opportunity for understanding its possible role in different tissues, and 
its regulatory mechanisms. CHRFAM7A will become an important new 
drug target, complicated by the lack of presence of this new gene in α7 
nAChR animal models. The study of CHRFAM7A regulation, with 
elucidation of its promoter, is still in its infancy. The in vivo expression 
of the N-terminal truncated peptide in the presence of a common 2 bp 
deletion in the gene is not yet known. From the point of view of the 
development of drugs capable of modulating the activity of the heter
oreceptor, we are still far from understanding its pharmacology, 
necessary for identifying molecules that can potentiate or reduce the 
negative role of dupα7 on α7 nAChR. 

Modulating CHRFAM7A gene expression by means of CRISPR/ 
dCas9-coniugated transcriptional modulators may pave the way for an 
alternative therapeutic approach to restore the correct CHRFAM7A/ 
CHRNA7 ratio in several disorders, thus by-passing the α7-agonist 
associated side effects. 
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A. Bordas, F. Zafra, C. Giménez, M. Extremera, J. Renart, C. Montiel, Interaction 
of the α7-nicotinic subunit with its human-specific duplicated dupα7 isoform in 
mammalian cells: Relevance in human inflammatory responses, J. Biol. Chem. 
293 (36) (2018) 13874–13888. 

[62] C. Martín-Sánchez, E. Alés, S. Balseiro-Gómez, G. Atienza, F. Arnalich, A. Bordas, 
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