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Abstract:

Schizophrenia (ZP) is a common devastating cognitive disorder; however, the etiology 
of its incidence remains largely unclear yet. Although some evidence blames both environ-
ment and genetic factor as main drivers of ZP, but the clear mechanism of their effect elusive 
till now. Of interest, severe anemia conditions can lead to hypoxia in CNS which disturbs 
the normal structures and functions of some area in the brain resulting in abnormalities in 
the neurons communications and decrease synaptic plasticity. Additionally, modulation of 
cytoskeleton constituents is thought to participate to ZP development. Recently, it has been 
revealed that iron deficiency, which is the main cause of anemia, has a significant impact on 
the cytoskeleton constituent’s disassembly. Such conditions are believed to evoke responses 
to adaptive as increase some neurotransmitter such as dopamine, which in turn exacerbates 
the disease pathophysiology events. Accordingly, the purpose of this review to provide an 
insight to the potential impact of anemia on ZP development. 
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دراسة مراجعة : 
الدور المحتمل لفقر الدم في حدوث فصام الشخصية
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1 قســم علــوم الحيــاة، كليــة العلــوم جامعــة بغداد ، بغداد ، العراق
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مستخلص:

فصــام الشــخصية )ZP(  هــو اضطــراب إدراكــي مدمــر شــائع. ومــع ذلــك، فإن اســباب حدوثــه لا تزال غــر واضحة 
إلى حــد كبــر حتــى الآن. عــى الرغــم مــن وجــود بعــض الأدلــة التــي تشــر الى دور البيئــة والعامــل الوراثــي كمســببين 
رئيســيين لمــرض ZP، إلا أن الآليــة الواضحــة لتأثيرهمــا غــر واضحــة حتــى الآن. ومــن المثــر للاهتــام أن حــالات فقــر 
الــدم الشــديدة يمكــن أن تــؤدي إلى نقــص الأوكســجين في الجهــاز العصبــي المركــزي ممــا يؤثــر عــى التركيــب والوظائــف 
ــتباكية.  ــة الاش ــاض المرون ــة وانخف ــا العصبي ــالات الخلاي ــل في اتص ــا إلى خل ــاغ مؤدي ــق في الدم ــض المناط ــة لبع الطبيعي
بالإضافــة إلى ذلــك، يُعتقــد أن التغــرات في  بُنيــة الهيــكل الخلــوي يمكــن ان تســاهم في تطويــر ZP وقــد تبــن مؤخــراً أن 
نقــص الحديــد، وهــو الســبب الرئيــي لفقــر الــدم، لــه تأثــر كبــر عــى تفكيــك مكونــات الهيــكل الخلــوي. كــا يُعتقــد 
أن مثــل هــذه الحــالات تثــر اســتجابات تكيفيــة مثــل زيــادة بعــض النواقــل العصبيــة كالدوبامــن، والــذي بــدوره يــؤدي 
إلى تفاقــم أحــداث الفيزيولوجيــا المرضيــة. وبنــاء عــى ذلــك، فــإن الغــرض مــن هــذه المراجعــة هــو تقديــم نظــرة شــاملة 

لزيــادة فهــم التأثــر المحتمــل لفقــر الــدم في نشــؤ وتطــور مــرض فصــام الشــخصية.
الكلمات المفتاحية :  فصام الشخصية،  فقر الدم،  نقص الاوكسجين،  BDNF ، الهيكل الخلوي للاعصاب.
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Introduction:
Schizophrenia is a devastating mental 

illness results in a dysfunctional lifestyle. 
It causes social withdrawal, cognitive im-
pairment, and decreased emotional reflec-
tion [1-3]. There are no diagnostic tools 
to detect schizophrenia; diagnosis is de-
pended on behavior observed. This means 
that the disease cannot be predicted, but 
rather diagnosed after the symptoms are 
resulting from damage certain areas in the 
brain [4]. The global incidence of schizo-
phrenia ranges between 3 to 7.0%, with 
globally twenty-four million affected 
cases according to the WHO statistics [ 
5]. Several studies have been shown the 
higher rate of suicide action in people di-
agnosed with schizophrenia [6-7]. How-
ever, the etiology of schizophrenia is still 
unclear, but in general it is believed that 
environment and genetic variations are 
considered to have involvement  in the 
occurrence of  ZP [8]. 

What is not yet clear is the potential 
involvement of anemia as a risk factor 
in schizophrenia. A number of studies 
have found increased prevalence ane-
mia among patients with schizophrenia 
[9]. One of the potential  effects of ane-

mia on the CNS is a change in the neu-
ron cytoskeleton, which alters neuronal 
synapses [10]. Recent evidences suggest 
the schizophrenia could be related to im-
paired neuronal connecting caused by ab-
normality in the shape of the neuron axon 
[11]. Postmortem studies in schizophrenia 
have illustrated the most of dysfunctions 
is consequences of the disturbance in ax-
onal synaptic [12]. Impairment of axonal 
synapses is the result of poorly perform-
ing oligodendrocytes and cells producing 
myelin. These circumstances increase 
dopamine secretion as a mechanism to 
speeding the signaling transmission in the 
context of axonal connections abnormal-
ities [13]. 

Severe anemia led to hypoxia in the 
CNS, and this in turn resulted in elevated 
levels of hypoxia-inducible factor-1 al-
pha (HIF-1α). Under these circumstance 
miR-210-3p is activated, which suppress-
ing the brain-derived neurotrophic factor 
(BDNF) [14-15], Furthermore, numerous 
studies shown the hypoxia can be block-
ing and alter BDNF intercellular signal-
ing pathway (Fig.1) [16, 17]. The most 
important relevant roles of BDNF in CNS 
are enhancing the differentiation of oligo-
dendrocyte precursor cells (OPCs). Addi-
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tionally, BDNF controls local translation 
of neuronal proteins, as well as regulates 
of cytoskeleton and membrane dynamics 
[18]. Furthermore, pathophysiologic link 

between schizophrenia and perturbed cor-
tical iron biology has been suggested re-
cently[19].

Figure1: The potential underlying effect of anemia in schizophrenia

Effect of anemia on the neuron cy-
toskeleton via BDNF expression mod-
ulation

Anemia is state characterized by a 
lessening the number of erythrocyte, or 
reduce the quantity of hemoglobin in the 
blood results to a decrease the capacity of 
oxygen-carrying [20-22]. The brain re-
sponds to the severe chronic anemia via 
activation the expression of HIF-1α[4]<. 
HIF-1α plays crucial role in BDNF sup-
pression via direct binding to its promoter 

region leading to reduced levels of BDNF 
[23]. Additionally, hypoxia can impair 
the BDNF expression through down reg-
ulation of its transcription factors such as 
REST (RE-1 Silencing Transcription fac-
tor), which plays important role in upreg-
ulation of BDNF gene [24]. Furthermore, 
hypoxia circumstances promote the enzy-
matic activity of BACE1 (β-site amyloid 
precursor protein cleaving enzyme 1) that 
is involved in the degradation of BDNF 
(Fig.2) [25]. 



The evidence presented thus far sup-
ports the idea that hypoxia can lead to in-
flammation in CNS [26]. Most studies in 
this field have found a significantly neg-
ative correlation between hypoxia status 
and BDNF expression in neurons. It is 

identified that hypoxia can cause epigen-
etic alternations in BDNF gene, via in-
crease DNA methylation at specific CpG 
within promoter of BDNF gene, which in 
turn, reduced or silence the BDNF mRNA 
[27]�.

Figure 2: Signaling pathway of under hypoxia circumstance. Hypoxia cause upregulation HIF-a, 
which in turn downregulation BDNF, as well as downregulation REST which in turn upregulation 
BDNF. Additionally, hypoxia activation BACE1 which is plays role in degradation of BDNF
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As it mentioned earlier, BDNF plays 
crucial in the neuroplasticity, which 
means losing the ability of the brain to 
form new neurons connection if there are 
any impaired in BDNF expression [28]. 
Additionally, BDNF maintain the synap-
tic modulation and  reduced its levels can 
cause decrease in neuron communication 
[29]. Furthermore, recent studies have 
illustrated that any alternation in neuron 
plasticity can increased dopamine secre-

tion [30]. On the other hand, recent inves-
tigations have shown that BDNF induce 
oligodendrocyte precursor cells (OPC) 
survival, proliferation and differentiation 
[31]. There is a large volume of published 
studies describing the role of oligoden-
drocyte in maintaining the neuron cyto-
skeleton, via specific factors expression 
such as adhesion molecules [32]. As well 
as growth factors and signaling molecules 
that enhance organization the neuron cy-
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toskeleton, while the signaling molecules 
influences on the cytoskeleton compo-
nents through assemble and disassemble, 
such as actin and microtubule [33]. Fur-
thermore, oligodendrocyte considerable 
main source for myelin sheet, which in 
turn important to neuron synapse [34]. 
Recent studies have been investigated the 
potential mechanism underlying schizo-
phrenia, where it found the alternation in 
OPCs, such as disturbance of differentia-
tion and myelination of OPC implicated 
in many cognitive disorder [35].

Effect of anemia on the neuron cy-
toskeleton via the regulation of actin 
dynamics 

Actin dynamics demonstrate import-
ant role in the neuron communication, 
and development. Previous studies have 
shown that actin dynamics involved in 
axonal guidance in a neuron synaptic, as 
well as, do crucial job in synaptic plastici-
ty via regulating the stability and strength 
of synapses [36]. Moreover, actin dy-
namics are considered as principal factor 
in synapse formation by stabilizing the 
structure of dendritic spines [37]. Further-
more, polymerization and remodeling of 
actin contribute to long term depression 
(LTD) and long term potentiation (LTP)

[38], where a number of studies have re-
ported that patients with schizophrenia 
presented both of the aforementioned ab-
normalities. The LTP in hippocampus of 
patients with schizophrenia is reduced 
compared to their healthy counterparts, 
and it was correlated with dyscognitive in 
the schizophrenic patients [39]. Another 
study investigated the normality of LTP 
in the hippocampus showed there is more 
decrease in function of LTP in schizo-
phrenia patients, in comparison to healthy 
individuals[40[  .

Increasingly evidence suggest that hy-
poxia have indirectly impact on adrener-
gic system in the ventral tegmental area 
(VTA) via disruption of actin filament, 
which results in alternation in neuron cy-
toskeleton [41]. On the other hand, hypox-
ia status triggers stress in the VTA, which 
could lead to the disturbance in actin fila-
ments, resulting in alterations in synapse 
of adrenergic system[42]. Numerous stud-
ies confirmed the hypoxia circumstance 
leading to negative effects on the actin 
dynamics, via HIF which is activated 
in response to hypoxia status. Such HIF 
serves as a transcription factor regulates 
the expression some protein implicated 
in actin dynamic, such as, ROCK, cofilin, 



and RhoA. These proteins involved in ac-
tin organization, polymerization, and ac-
tin cytoskeleton[43[ . Recent research has 
shown there is abnormalities in ROCK 
signaling in patients with schizophrenia, 
that indicates potential role of ROCK sig-
naling in schizophrenia[44[ . Other stud-
ies are also shown, there is positive cor-
relation among aberrant Rho GTPase and 
the disorders in the brain connectivity in 
individuals with schizophrenia [45].On 
the other hand, hypoxia can promote sev-
eral signaling pathway, which influenc-
es on the remolding the actin dynamics, 
such as, the MAPK pathway, and PI3K/

Akt [46].
Recently, chronic anemias resulted 

from deficient iron delivery can damage 
the cytoskeletal framework of hematopoi-
etic progenitor cells suggesting the identi-
fying of targeted strategy for cytoskeletal 
repair, leading to anemia correction [47].
Additionally several lines of evidence 
have highlighted the involvement a num-
ber of schizophrenia-associated genes 
(and their encoded proteins) in modu-
lating cytoskeleton constituents of nerve 
cells that is believed to involve in schizo-
phrenia development. Such findings are 
summarized in Table 1. 
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 Table1:  Genes implicated in both cytoskeleton constituents’ modulation 
and schizophrenia development.

Gene Potential impact in cytoskeleton modulation that linked to schizo-
phrenia development Refs

DISC1  Directs microtubule network formation and microtubule organizing 
centre. [48] 

RTN4R Regulation of actin cytoskeleton by Rho GTPases and the reorganiza-
tion of actin cytoskeleton. [49] 

SYN2 Neuronal phosphoprotein covering synaptic vesicles, binds to the cyto-
skeleton, and regulates the release of neurotransmitter. [50]

SHANK3 Structural and functional organization of the dendritic spine and synap-
tic junction plasticity. [51]

DTNBP1 Plays a role in actin cytoskeleton reorganization and neurite outgrowth. [52]

ULK4 Regulates neurite branching and elongation via remodeling of cytoskel-
etal constituents, including alpha-tubulin. [53]

DLGAP2 An adapter protein linking ion channel to the subsynaptic cytoskeleton 
regulating and neuronal cell signaling. [54]

MFAP5 Affect permeability and motility of endothelial cells via cytoskeleton 
rearrangement. [55]
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Anemia (iron deficiency) as a risk 
factor for schizophrenia through neu-
rotransmitter pathway 

Iron is the most prevalent transition 
metal in the brain and is essential for 
many neurological processes, such as 
neurogenesis, axon myelination, synap-
tic development, mitochondrial function, 
electron transport, neurotransmitter syn-
thesis, and metabolism [61]. Indeed, the 
disruption of iron homeostasis may in-
fluence neurophysiological mechanisms, 
cognition, and social behavior, ultimately 
contributing to the development of a wide 
range of neuropathologies [62]. Iron defi-
ciency (ID) is the most common, avoid-
able, and treatable cause of anemia in the 
world [63-65]. Recent research suggests 
that neurotransmitters such as dopamine, 
glutamate, γ-aminobutyric acid GABA 
and serotonin are major contributors to 
schizophrenia, with dopamine playing the 

most important role [66]. According to 
the findings of a recent study [67] iron de-
ficiency results in an alterations of mono-
amine neurotransmitters. Furthermore, 
dopamine (DA) is a key monoamine neu-
rotransmitter in the brain that plays criti-
cal roles in higher brain activities such as 
motivation, reward, and cognitive func-
tion. Therefore, it is not surprising that 
dopaminergic signaling defects have been 
linked to the pathophysiology of sever-
al mental diseases, including attention 
deficit/hyperactivity disorder (ADHD), 
Huntington’s disease (HD), Parkinson’s 
disease (PD), and schizophrenia [68]. 
Moreover, iron is a cofactor of tyrosine 
hydroxylase, the rate-limiting enzyme in 
dopamine production. Therefore, it seems 
sense that decreased brain iron levels 
would decrease the availability of iron in 
dopamine neurons, which may therefore 
decrease dopamine activity in the central 

Gene Potential impact in cytoskeleton modulation that linked to schizo-
phrenia development Refs

HECW2 Involved in the regulation of mitotic metaphase/anaphase transition.  [56]
KAT-
NAL2 Major catalytic subunits of the microtubule-severing enzyme [57]

BIRC6 Cytoskeleton and microtubules regulator [58]

 GRIN2B Involves in actin cytoskeleton dynamics [59]

AKT1 Phosphorylates palladin (PALLD), modulating cytoskeletal organiza-
tion [60]



nervous system. Reduced dopamine ac-
tivity has been reported to be related to 
negative symptoms in schizophrenia pa-
tients [69]. 

On the other hand, serotonin is a neu-
rotransmitter involved in the regulation 
of mood, neuronal activity, and anxiety 
and iron is necessary for its synthesis [67, 
70-71]. Decreased circulating iron leads 
to disruption of serotonin metabolism and 
reduced serotonin levels [72]. Finally iron 
deficiency during pregnancy, as well as in 
infancy and childhood, is linked to motor, 
cognitive, and behavioral abnormalities 
that are like those seen in children who 
later develop schizophrenia [73 -75].

Conclusions 
Considering the scarcity of evidence 

linked schizophrenia development to ane-
mia and cytoskeleton constituents’ dis-
ruption, a new insight can be gained by 
reviewing genes involved in regulating 
neural cell cytoskeleton in relation to the 
subsynaptic cytoskeleton regulating and 
neuronal cell signaling. Although the di-
rect link between anemia and schizophre-
nia has not established yet, however, the 
potential link of iron deficiency to cyto-
skeleton dysregulation opens a new venue 
for understanding schizophrenia biology 

and suggesting novel therapeutic targets 
to tackle such devastating disease.
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