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Introduction
Cognitive dysfunctions are a general feature of many 
neurodegenerative and neurodevelopmental disorders 
(Archer and others 2011). In the past three decades, sev-
eral studies investigating cognitive functioning in schizo-
phrenia and Alzheimer’s disease (AD) have demonstrated 
that cognitive impairment influence quality of life and 
global performance significantly more than other behav-
ioral or psychotic symptoms (Nuechterlein and others 
2011).

A current major hypothesis is that cognitive distur-
bances may be associated with altered trophic support of 
neuronal activity and survival by various growth factors, 
including neurotrophins (Arancio and Chao, 2007). 
Among the growth and trophic factors that are able to 
provide both an effect on synaptic activity and neuronal 
survival, the neurotrophin brain-derived neurotrophic 
factor (BDNF) has attracted great interest. BDNF is a 
member of the family that includes nerve growth factor 
(NGF), neurotrophin-3 (NT-3), and neurotrophin 4/5 
(NT-4/5). BDNF is highly expressed in the central ner-
vous system (CNS) and is crucial for dopaminergic 
(Guillin and others 2001), glutamatergic (Carvalho and 
others 2008), and serotonergic (Mossner and others 
2000) neurotransmission; moreover, it has a pivotal role 

in synaptic remodeling during cognitive processes (Schinder 
and Poo 2000).

The aim of this review is to examine studies that inves-
tigated BDNF in animal models of learning and memory 
and in clinical conditions such as schizophrenia, AD, and 
mood disorders in order to establish whether abnormali-
ties of its biosynthesis may represent a common molecu-
lar mechanism underlying cognitive deficits.

BDNF Biosynthesis
BDNF is initially synthesized in the endoplasmic reticu-
lum as a precursor protein (proBDNF) of 32 kDa, which 
is proteolitically cleaved to generate either a truncated 
form of 28 kDa (truncated BDNF) or the mature form of 
13.5 kDa (mBDNF; Fig. 1). mBDNF is naturally found 
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Abstract

Severe cognitive deficits are a frequent outcome of both neurodegenerative and neurodevelopmental disorders. In 
the attempt to define new clinical biomarkers, current research trends aim at the identification of common molecular 
features in these pathologies rather than searching for differences. Brain-derived neurotrophic factor (BDNF) has 
attracted great interest as possible biomarker because of its key role in synaptic remodeling during cognitive processes. 
BDNF undergoes proteolytic processing and studies in animal models have highlighted that different forms of learning 
and memory require either the proBDNF precursor or the mature BDNF form. Significantly, an altered expression 
of BDNF forms was found in postmortem brains and serum from patients with schizophrenia, Alzheimer’s disease 
and mood disorders. Based on these studies, this review puts forward the hypothesis that abnormalities in proBDNF 
or mBDNF biosynthesis may correspond to different cognitive dysfunctions in these brain diseases, while the role of 
truncated BDNF remains unknown.
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as a dimer of two 13.5 kDa subunits, leading to a dimeric 
molecule with a total mass of 27 kDa, which should not 
be confused with a monomer of truncated BDNF of  
28 kDa. To produce mBDNF, the precursor proBDNF is 
processed through a cleavage after the arginine residues 
125 or 128 at the recognition site 125-RVRR-128 either 
by furin in the trans-Golgi (Mowla and others 2001), or 
extracellularly, by plasmin or matrixmetalloprotease-7 
(Lee and others 2001; Fig. 1). Conversely, truncated 
BDNF is generated by a cleavage of proBDNF at threo-
nine 57 by the specific Ca2+-dependent serine proteinase 
membrane-bound transcription factor site-1 protease 
(MBTFS-1), also known as subtilisin/kexin-isozyme  
1 (SKI-1; Seidah and others 1999; Fig. 1). Since trun-
cated BDNF is not further processed into mBDNF, it is 
considered a true final proteolytic product.

Mature BDNF and proBDNF 
Elicit Opposite Biological Effects 
in Vitro

It has long been thought that only secreted mBDNF was 
biologically active, whereas proBDNF was an inactive 

precursor localized intracellularly. However, recent stud-
ies have revealed that mBDNF and proBDNF may elicit 
opposite biological effects (Greenberg and others, 2009; 
Fig. 1). Specifically, the interaction between mBDNF 
and TrkB receptor promotes cell survival whereas bind-
ing of proBDNF to the p75 receptor triggers apoptotic 
processes (Koshimizu and others 2009; Teng and others 
2005; Woo and others 2005). In addition, mBDNF and 
proBDNF have different effects on morphological neuro-
plasticity. Indeed, in the hippocampus mBDNF supports 
dendritic spines formation whereas proBDNF induces 
spine pruning (Koshimizu and others 2009; Teng and 
others 2005; Woo and others 2005; Fig. 1).

Classical studies in the early 1990s have demonstrated 
that BDNF is up-regulated after induction of synaptic 
long-term potentiation (LTP) in vitro (Patterson and oth-
ers 1992). In the same decade, BDNF-TrkB receptor 
interaction was shown to be required to induce and main-
tain LTP at the level of the neuromuscular junction (Lohof 
and others 1993) and hippocampal CA3-CA1 synapses 
(Kang and Schuman, 1995). Although these early studies 
did not specify if proBDNF or the mature form was 
involved, the role of mBDNF/TrkB signaling in LTP 
induction and maintenance was confirmed by subsequent 

Figure 1. Proteolytic forms of BDNF: processing and physiological effects on neurons. Cleavage site Arg-Gly-Leu-Thr ↓ Ser-Leu-
Ala-Asp, which generates the 28-kDa truncated BDNF form, is processed by the SKI-1 protease only, whereas the cleavage site 
Arg-Val-Arg-Arg ↓ His-Ser-Asp, which generates mature BDNF (mBDNF), can be recognized by three proteases, furin, MMP-7, 
and plasmin (MMP-7 = matrixmetalloprotease-7; SK-1 = subtilisin/kexin-isozyme-1). Insets on the right illustrate the biological 
functions of the different BDNF forms. ProBDNF, acting through p75 receptor and sortilin, causes reduction in spine density, 
cell death, and long-term depression (LTD). Truncated BDNF is not further processed into mBDNF, and therefore is considered 
a true final proteloytic product whose biological role is still unknown; nor are its receptor(s). Mature BDNF, by activating TrkB 
receptor induces increased spine density, cell survival, and long-term potentiation (LTP).
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studies involving BDNF knock-out mice. In these animal 
models, LTP is severely impaired (Korte and others 1995) 
but may be recovered by bath or virus-mediated addition 
of mBDNF (Korte and others 1996; Patterson and others 
1996).

More recently, evidence that the antagonism of 
proBDNF and mBDNF is also relevant for the balance 
between long-term depression (LTD) and LTP at synapses 
is emerging (Fig. 1). Indeed, it has been observed that addi-
tion of mBDNF to acute slices may block LTD induced 
both by GABA

A
 receptor activation in hippocampus 

(Akhondzadeh and Stone, 1999) and low-frequency stimu-
lation in visual cortex (Akaneya and others 1996; Kinoshita 
and others 1999). In each of these in vitro models, TrkB 
receptor mediated the effect of mBDNF (Akhondzadeh 
and Stone, 1999; Sermasi and others 2000). Moreover, a 
direct demonstration of the role of proBDNF and its inter-
action with p75 during LTD has been provided by the stud-
ies of Woo and others (2005). These authors showed that 
activation of p75(NTR) by proBDNF led to enhanced 
NR2B-dependent LTD and NR2B-mediated synaptic cur-
rents while deletion of p75(NTR) in mice selectively 
impaired the NMDA receptor-dependent LTD, without 
affecting other forms of synaptic plasticity. These findings 
were corroborated by a recent study by Nagappan and 
others (2009), who used antibodies that selectively detect 
proBDNF or mBDNF to show that low-frequency stimula-
tion in cultured hippocampal neurons induced predomi-
nantly proBDNF secretion while high-frequency 
stimulation preferentially increased extracellular mBDNF.

A role for proBDNF conversion in mBDNF in LTP has 
been also suggested by the analysis of protease knock-out 
mice (Scamuffa and others, 2006). It has been observed 
that BDNF and the tissue plasminogen activator (tPA, a 
serine protease) is implicated in the late-phase of long-
term potentiation (L-LTP). In both tPA and plasminogen 
knock-out mice, the conversion of proBDNF in mBDNF 
by plasmin via the tPA-dependent activation of plasmino-
gen is reduced. In these mice, the late phase of LTP (>100 
minutes after theta-burst stimulation) is severely impaired 
and can be rescued by addition of mBDNF but not 
proBDNF suggesting the existence of a direct link 
between tPA and BDNF and LTP in hippocampus (Pang 
and others 2004).

Role of pro/mBDNF in Animal 
Models of Learning and Memory
Following the discovery of the role of BDNF in hippocam-
pal LTP, several laboratories investigated the role of BDNF 
in spatial learning tasks such as the Morris water maze, in 
which the hippocampus plays a major role in remembering 
the position of a platform located just beneath the water 
surface. These studies showed that reduction of BDNF 

levels by antisense oligonucleotide ablation or using het-
erozygous BDNF+/− knock-out transgenic mice lead to 
impaired spatial learning and memory retention, two 
functions that are associated with hippocampal-related 
memory (Gorski and others 2003; Linnarsson and others 
1997; Ma and others 1998). More recently, a few investi-
gations have been conducted to determine the role of 
proBDNF and mBDNF in other models of learning and 
memory as well.

Fear conditioning is a form of learning in which an 
aversive stimulus (e.g., an electrical shock) is associated 
with a neutral context (e.g., a room) or stimulus (e.g., a 
tone), resulting in the expression of fear responses to the 
originally neutral stimulus or context. The molecular 
mechanisms underlying long-term fear memory are very 
similar to those involved in LTP in the hippocampus 
(Costa-Mattioli and others 2007; LaLumiere and others 
2005; Raymond 2007; Rodrigues and others 2004). This 
form of conditioning can undergo a mechanism of recon-
solidation, that is, a form of renewal of the memory trace 
that occurs at each recall. However, under conditions of 
recall, fully consolidated memories become labile and 
may result in either reconsolidation or extinction. 
Extinction occurs when the neutral stimulus is presented 
several times without the noxius unconditioned stimulus 
leading first to attenuation and then extinction of the 
response to the unconditioned stimulus. Using intrahip-
pocampal infusions of tPA-STOP, an inhibitor of proteo-
lytic processing of proBDNF in mBDNF by plasminogen, 
Barnes and Thomas (2008) demonstrated that acquisition 
and extinction of contextual fear memory (CFM) requires 
an increase and a decrease, respectively of proteolysis of 
proBDNF in the hippocampus. In particular, these authors 
showed that formation of CFM is associated with increased 
tPA-dependent proteolytic processing of proBDNF in 
mBDNF. In contrast, increased proBDNF in the CA1 of 
the hippocampus sustained extinction. In addition, when 
proBDNF was decreased by the half by infusion of anti-
sense oligonucleotides in hippocampal CA1 6 hours after 
conditioning or by pretreatment with tPA-STOP, animals 
showed reduced freezing behavior (the read-out of effec-
tive CFM) suggesting that proteolytic processing of 
BDNF is required for the consolidation phase. However, it 
seems that BDNF processing regulates the acquisition, 
consolidation and extinction of fear memory, but not 
memory reconsolidation. Indeed, in the dentate gyrus of 
the hippocampus there were no changes in proBDNF con-
centrations 6 hours after memory recall, suggesting that 
reconsolidation is a BDNF-independent memory process 
(Barnes and Thomas 2008; Lee and others 2004). It 
remains to be investigated if alterations in neuronal activ-
ity during the period analyzed may have changed the 
release of mBDNF/proBDNF without altering the total 
amount of protein.
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The role of proBDNF conversion in mBDNF in the 
learning acquisition phase has been confirmed in adult 
rats undergoing several weeks of voluntary exercise in 
which mBDNF and tPA levels resulted increased, indicat-
ing enhanced processing of proBDNF (Ding and others 
2011). Exercise improved the learning ability in the 
Morris water maze, because the latency to reach the hid-
den platform in trained rats was significantly shorter 
than in the sedentary group across all days of the assay 
(Griesbach and others 2009). In 5HT2C receptor knock-
out mice (5HT2C−/−), mBDNF is constitutively up-
regulated in hippocampus whereas proBDNF is unchanged. 
However, 5HT2C-/- mice did not show any improvement 
in learning performance in the radial arm maze or the pas-
sive avoidance assays (Hill and others 2011). In these 
knock-out mice, however it is difficult to dissect out the 
role of the mutation on other neuronal signaling networks 
from those on BDNF.

Altered Processing of BDNF  
in Brains of Patients with 
Cognitive Dysfunctions

As described in the previous paragraphs, in vitro and in 
vivo investigations have highlighted that LTP initiation 
and maintenance, as well as learning acquisition and 
consolidation require proBDNF conversion in mature 
BDNF. On the opposite, elevated levels of proBDNF and 
reduction of its proteolytic processing are necessary for 
LTD and memory extinction. Accordingly, it can be pre-
dicted that any deficit in mature BDNF biosynthesis will 
affect memory formation and maintenance, while 
decreased levels of proBDNF are expected to impair 
LTD and inhibitory learning, such as extinction, and 
therefore affect the ability of the brain to modify and 
update the existing memories.

Studies on BDNF protein levels in postmortem brains 
provide interesting observations on BDNF processing 
(Table 1; Fig. 2). Peng and others (2005) found a 21% and 
30% decrease in the amount of proBDNF in mild cogni-
tive impairment (MCI) and AD patients, respectively, 
compared with healthy subjects; furthermore, a 40% 
decrease was found in end-stage AD patients (Michalski 
and Fahnestock 2003). Also, mBDNF was reduced by 
34% and 62% in MCI and AD groups, respectively (Peng 
and others 2005). Thus, the decrease of mBDNF and 
proBDNF may precede the decline of choline acetyltrans-
ferase activity, which typically occurs later in AD. Both 
proBDNF and mBDNF levels were positively correlated 
with cognitive measures, such as the Global Cognitive 
Score and Mini Mental State Examination score (Peng 
and others 2005).

Weickert and others (2003) detected significantly 
reduced levels of mBDNF (>40% reduction) in the dor-
solateral prefrontal cortex (DLPFC) of patients with 
schizophrenia compared with normal controls. Total 
BDNF protein levels within the DLPFC did not correlate 
with dosage and duration of antipsychotic medications, 
age of onset or length of duration. These findings were 
replicated in the study carried out by Wong and others 
(2010), who found a 23% reduction in mBDNF immuno-
reactive levels in post-mortem brains from patients with 
schizophrenia. The expression of the 32 kDa proBDNF 
and the 28 kDa truncated BDNF proteins was reduced by 
14% and 10.4%, respectively, in patients with schizo-
phrenia versus controls, although only the reduction in 
proBDNF protein reached the statistical significance. 
The authors observed a significant positive correlation 
between proBDNF, but not mBDNF, and age (Wong and 
others, 2010). It should be pointed out that although 
there was no correlation between age and BDNF levels, 
in postmortem brains from patients with AD proBDNF 
levels were also weakly associated with age (Peng and 
others 2005; Fig. 2).

In support of these findings, Karege and others (2005) 
reported that mBDNF was significantly reduced in the 
DLPFC of a mixed group of patients, including some 
patients with schizophrenia. However, this finding was 
not replicated in Dunham and others (2009). The discrep-
ancy between these two studies could be related to the 
fact that the anti-BDNF antibody used by Dunham and 
coworkers was unable to recognize mature BDNF in 
Western-blot. In the same study, Dunham and others 
(2009) of the Stanley Consortium found that major 
depressive disorder (MDD) and bipolar disorder (BPD) 
patients had reductions in proBDNF in the right hippo-
campus. In addition, they found also reductions in p75 
receptor density in the same hippocampal areas. In con-
clusion, data from postmortem brain analysis suggest that 
cognitive impairment in AD and schizophrenia is corre-
lated with decrease in both mBDNF and proBDNF sug-
gesting deficits in several mechanisms of learning and 
memory at the same time.

A possible interpretation of these data came from the 
study of Holt and others (2009) who showed that patients 
with schizophrenia have impaired extinction memory. As 
described in the previous paragraphs, extinction is a type 
of memory which in animal models was shown to require 
increased expression of proBDNF. Thus, in schizophre-
nia, MDD, and BPD, the observed decrease in proBDNF 
may be related to abnormally heightened neural and emo-
tional response to innocuous stimuli by limbic brain 
regions involving prefrontal cortex, hippocampus, and 
amygdale, which under normal conditions can encode 
extinction (Holt and others, 2009).
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Table 1. Studies on BDNF Protein Forms in Humans

Authors Sample Collection Subjects
Neuropsychological 

Assessment
Antibodies/
Chemicals Principal Findings

Michalski and 
Fahnestock 
2003

Postmortem parietal 
cortex samples

AD = 7; hc = 8 MMSE Santa Cruz 
Biotechnology

Reduction proBDNF 40% in parietal cortex

Weickert and 
others 2003

Postmortem DLPFC Schizophrenia — Chemicon A significant reduction in mBDNF mRNA (mean = 
23%) and protein (mean = 40%) in the DLPFC of 
patients with schizophrenia compared with hc.

Peng and others 
2005

Postmortem parietal 
cortex samples

MCI = 17; AD = 17 MMSE, CGS Santa Cruz 
Biotechnology

proBDNF decreased 21% and 30% in MCI and AD, 
respectively. mBDNF was reduced 34% and 62% in 
MCI and AD, respectively. proBDNF and mBDNF 
levels were positively correlated with cognitive 
measures such as the GCS and the MMSE score.

Karege and 
others 2005

Postmortem 
hippocampus, ventral 
PFC, entorhinal cortex 
samples

Suicide victims = 30; 
drug-free  
non-suicide 
subjects = 24

— Promega A significant decrease regardless of diagnosis in 
mBDNF levels in the hippocampus and PFC but 
not in the entorhinal cortex was found in suicide 
victims drug-free compared with non-suicide 
controls. In drug-treated suicide victims, mBDNF 
levels were not significantly different from non-
suicide controls.

Dunham and 
others 2009

Postmortem 
hippocampus samples

Schizophrenia, MDD, 
BPD

— Santa Cruz 
Biotechnology

In schizophrenia, although mean proBDNF densities 
were lower than controls in most subregions, they 
did not reach significance.

Wong and others 
2010

Postmortem 
hippocampus, DLPFC, 
parietal cortex 
samples

Schizophrenia  
patients = 71;  
hc = 71

— Santa Cruz 
Biotechnology

mBDNF protein expression is reduced in the 
DLPFC of patients with schizophrenia (23%).

Carlino and 
others 2011

Serum samples Schizophrenia 
patients = 40; hc 
= 40

Trail Making Test A, B, 
Digit Span, Letter-
Number Sequencing, 
Digit Symbol Coding 
subtests of WAIS. The 
IQ was determined 
using the short form 
of the WAIS.

PANSS

Promega A slight reduction in serum BDNF levels in SZ 
patients with respect to hc. Increased serum 
proBDNF and mBDNF and reduced truncated 
BDNF in SZ with respect to hc. Patients with 
an increase in proBDNF or mBDNF higher than 
the hc mean + 2 SD also had >2 SD reduction of 
truncated BDNF.

Reduced truncated BDNF correlated significantly 
with higher positive and lower negative PANSS 
scores and a worst performance in all cognitive 
assays but not with antipsychotic type.

Yoshida and 
others 2012

Serum samples MDD patients = 69; 
hc = 78

SIGH-D; WHOQOL-
BREF; SASS; CogState 
battery

Adipo Bioscience mBDNF in patients with MDD were significantly 
lower than those of hc. In contrast, there was 
no difference in the serum levels of proBDNF 
between patients and hc. Neither proBDNF nor 
mature BDNF serum levels was associated with 
cognitive impairment

PANSS = Positive and Negative Syndrome Scale; WAIS = Wechsler Adult Intelligence Scale; NPV = negative predictive value; PPV = positive predictive value; MCI = mild 
cognitive impairment; AD = Alzheimer’s disease; NCI = no cognitive impairment; hc = healthy controls; PFC = prefrontal cortex; DLPFC = dorsolateral prefrontal 
cortex; MMSE = Mini Mental State Examination; GCS = Global Cognitive Score; SIGH-D = Structured Interview Guide for the Hamilton Depression Rating Scale; 
WHOQOL-BREF = World Health Organization Quality of Life–Short Version; MDD = major depressive disorder; BPD = bipolar disorder; SASS = Social Adaptation 
Self-Evaluation Scale.

BDNF Serum Levels in Patients 
with Cognitive Dysfunctions

The possibility of repeated, non-invasive measures of 
serum or plasma BDNF prompted great interest in the use 
of this biomarker in clinical practice. Several studies 
documented decreased serum concentration of total 
BDNF in AD patients with respect to subjects with other 
types of dementia or healthy controls (Einat and others 
2003; Forlenza and others 2010; Laske and others 2007; 
Lee and others 2009) However, results are not conclu-
sive, as serum total BDNF levels in AD did not correlate 

with age or scores in MMSE or Functional Assessment 
Staging (Yasutake and others 2006). In Laske and others 
(2006), serum BDNF levels did not predict AD or MCI-
related cognitive deterioration, even if the presence of the 
Met allele of the Val66Met polymorphism in the BDNF 
gene was a significant predictor of cognitive impairment 
for these patients. In contrast, other investigators reported 
on increased BDNF levels in patients with MCI and early 
AD (Angelucci and others 2010). However, recent clini-
cal trials demonstrated that lithium and a cholinesterase 
inhibitor (donepezil) were able to increase serum BDNF 
levels in patients with early AD (Leyhe and others 2009; 
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Diniz and others 2009). Also, in other diseases, the rela-
tionship between circulating total BDNF levels and cog-
nitive impairment is unclear. Indeed, plasma BDNF is 
higher in Down syndrome patients than in controls, 
indicating that cognitive deficits in these patients are not 
related with a reduction in total BDNF protein levels 
(Dogliotti and others, 2010).

More promising are recent studies investigating sepa-
rately proBDNF and mBDNF levels in serum. Using two 
ELISA kits able to recognize mBDNF or proBDNF, 
Yoshida and others (2012) found reduced mBDNF levels 
in the serum of MDD patients with respect to healthy 
donors, whereas proBDNF levels were not different. 
However, correlation of BDNF values with cognitive 
assessment using a CogState battery did not reveal any 
significant relationship between mBDNF or proBDNF 
levels and cognitive impairment. The lack of any interac-
tion between cognitive scores and serum BDNF levels 
might be explained by the fact that the ELISA kits used 
presented low sensitivity (about half of the sera initially 
collected were below threshold). Moreover, MDD patients 
and healthy controls showed very small differences in 
scores of the cognitive scales (Yoshida and others 2012). 
Extinction memories were not tested in these patients.

Similar to AD, in schizophrenia also, analysis of total 
BDNF serum concentrations generated quite heteroge-
neous findings (Green and others 2011). Therefore, in a 
recent study, we measured serum levels of mBDNF, 
proBDNF, and truncated BDNF in patients with chronic 

schizophrenia (Carlino and others 2011; Fig. 3). Two 
thirds of the patients analyzed showed reduced truncated 
BDNF levels and displayed significantly worst cognitive 
performance in comparison with those with no alterations in 
the proportion of the three different BDNF forms (Table 1; 
Fig. 3). With respect to healthy donors, all these patients 
had either increased proBDNF (Group 1) or increased 
mBDNF (Group 2) levels but not both (Fig. 3). In addi-
tion, irrespective of mBDNF or proBDNF serum levels 
and exposure to antipsychotic treatment, patients with 
schizophrenia showing decreased truncated BDNF con-
centrations were similar for clinical phenotype and 
impaired cognitive functioning (Carlino and others 2011). 
Hence, this study put forward the idea that the dosage of 
serum truncated BDNF may be used as an empirical 
method to predict cognitive impairment in patients suffer-
ing from schizophrenia. Indeed, considering a cut-off at 2 
SD from the mean value of truncated BDNF in healthy 
controls (i.e., when truncated BDNF is less than 23.79% 
of total BDNF in the serum), the test showed remarkable 
parameters with sensitivity of 67.5%, specificity 97.5%, 
positive predictive value 96.4%, and negative predictive 
value 75%. We concluded that all patients with truncated 
BDNF less than 23.79% are likely to show cognitive 
impairment. The possible clinical implications of using 

Figure 2. Primary results of postmortem studies investigating 
precursor forms of BDNF in humans.
1Weickert and others (2003); 2Dunham and others (2009); 3Wong 
and others (2010); 4Karege and others (2005); 5Michalski and 
Fahnestock (2003); 6Peng and others (2005).
aDorsolateral prefrontal cortex (DLPFC); bparietal cortex; 
chippocampus/enthorinal cortex
MCI = mild cognitive impairment; AD = Alzheimer’s disease.

Figure 3. Serum BDNF forms in chronic schizophrenic 
patients with cognitive impairment. In schizophrenic patients 
from group 1, with shorter disease duration, truncated 
BDNF is reduced and proBDNF precursor is increased, most 
likely as a result of a reduced cleavage, whereas mBDNF is 
normal. In patients from group 2, with longer duration of 
illness, truncated BDNF is also reduced but proBDNF has 
no significant variations with respect to healthy controls, 
most likely because of a compensatory increase of cleavage 
to generate mBDNF. As group 2 patients had longer disease 
duration with respect to those in group 1, this compensatory 
mechanism may occur after a prolonged pathological 
condition (Carlino and others 2011).
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serum BDNF as a biomarker of cognitive impairment 
derive from a study by Vinogradov and others (2009) who 
showed that BDNF levels could be significantly increased 
in the serum of clinically stable, chronically ill schizo-
phrenia patients who underwent a cognitive training.

Conclusions
Taken together, these findings support the view that bio-
synthesis of mBDNF and proBDNF (and possibly, trun-
cated BDNF) forms is an important mechanism underlying 
brain remodeling and cognitive functions. Pathological 
alterations in BDNF processing may have an additive 
and/or multiplicative effect on brain’s structure, thus per-
petuating neurodegenerative events in schizophrenia as 
well as in AD. Accordingly, a reduced capability of the 
brain to synthesize mBDNF may result in memory loss 
and learning impairment, whereas decreased levels of 
proBDNF may produce aberrant behavioral reactions 
because of deficits in the governance of emotional mem-
ory, while deficits in both mBDNF and proBDNF may 
produce a disturbance of several cognitive domains. At 
the moment, the role of truncated BDNF in cognitive 
impairment remains unclear. More experiments are 
required to clarify its biological function.

Expanding Buckley and others’ (2007) point of view 
on the role of BDNF in schizophrenia, we suggest that 
alterations in BDNF biosynthesis may be considered both 
a “biochemical footprint” of cognitive dysfunctions in 
neurodevelopmental and neurodegenerative diseases and 
a plausible endophenotype of “cognitive distress,” as a 
result of injured processing of information. Further inves-
tigations should be planned to corroborate this hypothe-
sis. In particular, larger sample sizes are needed and 
first-episode patients with schizophrenia or MCI should 
be recruited and monitored with respect to levels of 
BDNF proteolytic products along illness evolution.
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