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Impaired synaptic transmission and long-term potentiation  
in severe combined immunodeficient (SCID) mice
Leonardo Lupacchinia,*, Cristiana Mollinarib,c,*, Virginia Tancredid,e,  
Enrico Garacif and Daniela Merloc

DNA-dependent protein kinase catalytic subunit (DNA-
PKcs) is one of the key enzymes involved in DNA double-
strand break (DSB) repair. However, recent studies using 
DNA-PKcs knockout mice revealed that DNA-PKcs plays 
an important role in neuronal plasticity. The aim of this 
study was to examine the role of DNA-PKcs on synaptic 
plasticity in severe combined immunodeficiency disease 
(SCID) mice that carry a mutation resulting in a DNA-
PKcs protein devoid of kinase activity but still expressed 
in cells, although with a small COOH-terminal truncation. 
To this aim, we carried out electrophysiological and 
molecular analysis on hippocampal slices from wild-
type (WT) and SCID mice. Electrophysiological analysis 
showed an impairment in the basal synaptic transmission 
in SCID mice compared with WT, whereas paired-pulse 
facilitation, caused by presynaptic mechanisms, was 
not different in the two groups of animals. By contrast, 
tetanic stimulation induced long-term potentiation (LTP) 
with values that were approximately 43% lower in slices 
from SCID mice compared with WT. The same slices 
used for electrophysiology were analyzed to study the 
phosphorylation state of cAMP response element-binding 
protein (CREB) and extracellular signal-regulated kinases 
and to evaluate mRNA expression levels of CREB-target 

genes at different times after LTP induction. In conclusion, 
molecular analysis did not show significant differences 
between SCID and WT brain slices, thus confirming the 
evidence that DNA-PKcs kinase activity directly regulates 
neuronal functions and plays a novel role beyond DSB 
repair. Moreover, these results indicate that studies using 
SCID mice involving analysis of synaptic function need 
to be interpreted with caution.  NeuroReport 36: 290–296 
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Introduction
Severe combined immunodeficiency disease (SCID) 
mice were first described in 1983 by Bosma et al. [1] as 
a spontaneous homozygous mutation occurring in the 
BALB/c C.B-17 strain, resulting in an insufficiency of 
functional B and T cells. SCID mice are diffusely used 
in biology studies of the immune system and in cancer. 
Indeed, the absence of a functional immune system 
makes them a suitable recipient of xenogenic transplants 
to avoid graft rejection. The syndrome of immunodefi-
ciency in this spontaneous animal model arises from a 
failure in lymphocyte maturation due to defective V(D)
J recombination. Indeed, SCID mice have a homozy-
gous nonsense mutation in the prkdc gene, encoding 

the DNA-dependent protein kinase catalytic subunit 
(DNA-PKcs), a crucial component of both the DNA  
double-strand break (DSB) repair machinery and the 
V(D)J recombination apparatus [2]. The homozygous 
nonsense mutation at amino acid position 4046 results 
in the expression of a truncated and enzymatically inac-
tive protein lacking the extreme COOH-terminal region 
[3]. As a consequence, tissues and cell lines derived 
from SCID mice exhibit a generalized hypersensitivity 
to gamma irradiation and a defect in the repair of DSBs 
[4–6]. Interestingly, reduced levels of DNA-PKcs protein 
and loss of its activity in the embryonic and postnatal 
SCID mouse brain induce elevated DSBs and apoptosis 
in neurons [7]. Indeed, hippocampal neurons from SCID 
mice exhibit increased vulnerability to DNA damage, 
oxidative stress, and excitotoxicity, conditions that may 
occur in neurodegenerative disorders [8].

DNA-PKcs is a member of the phosphatidylinositol 
3-kinase (PI3K)-related kinase family, a type of DNA-
activated serine/threonine protein kinase, with a molec-
ular weight of approximately 460 kDa [9] that forms the 
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active holoenzyme by binding to the Ku80/Ku70 het-
erodimers [10]. Recent studies revealed that DNA-PKcs 
participates in signal transduction cascades related to dif-
ferent pathways including apoptotic cell death, telomere 
homeostasis, mitochondrial health, metabolism, auto-
phagy, transcription, protein stability, and RNA binding, 
thus identifying new physiological functions, beyond 
genome stability.

We have recently published that DNA-PKcs has an 
important modulatory role in synaptic plasticity via 
postsynaptic protein-95 (PSD-95) phosphorylation. In 
particular, DNA-PKcs localizes at synapses, responds 
to synaptic stimuli, interacts with different postsyn-
aptic proteins, and phosphorylates PSD-95 at newly 
identified and evolutionary conserved amino acids thus 
controlling PSD-95 protein stability. We also showed 
that DNA-PKcs knockout mice, lacking both protein 
and enzymatic activity, present a deficit in long-term 
potentiation (LTP) along with changes in neuronal mor-
phology, and reduced levels of different postsynaptic 
proteins [11].

To differentiate the contribution of DNA-PKcs as kinase 
from its role as protein scaffold at the synapses, here we 
used SCID mice lacking DNA-PKcs kinase activity but still 
maintaining intact most of the entire DNA-PKcs protein.

We investigated synaptic functions, plasticity-related 
protein activation, and immediate early genes (IEGs) 
expression involved in synaptic plasticity. We found that 
SCID mice show impaired LTP, whereas we did not find 
any difference neither in the activation of downstream 
proteins nor in the IEGs expression, suggesting that 
SCID mice show similar features to those of DNA-PKcs 
knockout mice.

Moreover, our findings show for the first time that, due 
to DNA-PKcs novel synaptic role, when SCID mice are 
used to conduct brain function studies, the results may 
be misinterpreted.

Material and methods
Animals
Animal procedures were carried out according to the 
European Community Guidelines for Animal Care, DL 
26/2014, application of the European Communities 
Council Directive, 2010/63/EU, Federation of 
European Laboratory Animal Science Associations and 
Animal Research: Reporting of In Vivo Experiments 
guidelines, and approved by the Italian Ministry of 
Health and by the local Institutional Animal Care and 
Use Committee.

The Fox Chase SCID mice (CB17/Icr-Prkdcscid/IcrIcoCrl) 
(Charles River, Milan, Italy) that possess a genetic auto-
somal recessive mutation designed PrkdcSCID were kept in 
a pathogen-free environment, in individually ventilated 
cages under standard conditions. Animal studies were 

approved and permission was issued by ‘Ministero della 
Salute’ (Approval number DM 90/2016-PR to D.M.).

Electrophysiology
Transverse hippocampal slices (500 μm) were incubated 
in an interface chamber at 32 °C–33 °C, superfused 
with oxygenate artificial cerebrospinal fluid containing 
124 mM NaCl, 2 mM KCl, 1.8 mM MgSO4, 2 mM CaCl2, 
26 mM NaHCO3, 1 mM NaH2PO4, and 10 mM glucose, 
and allowed to equilibrate for at least 60 min. Field excit-
atory postsynaptic potentials (fEPSP) in the hippocam-
pus were recorded in the stratum radiatum of the CA1 
with a glass microelectrode upon stimulation of Schaffer 
collaterals. Paired-pulse facilitation (PPF) was assessed 
by applying a pair of Schaffer collateral stimuli at inter-
vals of 10–125 ms, and the ratio of slopes of the second to 
the first response was calculated, so that numbers greater 
than 1.0 represented facilitation.

Responses were characterized by the application of 
paired-pulse stimulation (PPS, two consecutive pulses 
50-ms apart), and only fEPSP showing PPF (R2/R1 ratio 
≥1) were used for recording. Paired-pulse ratio (PPR) 
was used as an indicator inversely proportional to pre-
synaptic neurotransmitter release [12]. After PPS, during 
conventional recording, each pulse was delivered every 
20 s (square pulses of 100 μs duration at a frequency of 
0.05 Hz), and three consecutive responses were averaged.

LTP was induced by stimulating Schaffer collaterals with 
a high-frequency stimulation (HFS) protocol consisting 
of one single train (100 Hz, 1 s) [13].

Western blot analysis
After electrophysiological recordings, hippocampal indi-
vidual slices, using a brush, were immediately placed on a 
petri dish with ice underneath the dissecting microscope. 
Then, using a scalpel, the CA1 region was dissected out 
and rapidly frozen in liquid nitrogen. Subsequently, tis-
sues were homogenized in ice-cold buffer containing 
50 mM Tris-HCl, 150 mM NaCl, 10 mM EDTA, 1 mM 
phenylmethylsulfonyl fluoride, 1% Triton X-100, 0.1% 
SDS, 0.5% deoxycholic acid sodium salt, and protease 
and phosphatase inhibitors (Sigma, Milan, Italy). All slices 
used for biochemical analysis were monitored electro-
physiologically. Proteins (30–80 μg) were subjected to 5 
or 10% polyacrylamide gels SDS-PAGE depending on 
the molecular weight of the proteins to be analyzed [5% 
polyacrylamide for DNA-PKcs, and Hsp90 or 10% for 
extracellular signal-regulated kinases (ERK1/2), cAMP 
response element-binding protein (CREB)]. After elec-
trophoresis, proteins were transferred onto nitrocellulose 
membranes (Amersham Biosciences, Cologno Monzese, 
Italy). After blocking, membranes were incubated over-
night at 4 °C with primary antibodies and then with the 
appropriate horseradish peroxidase-conjugated second-
ary antibody for 1 h at room temperature. The follow-
ing primary antibodies were used: DNA-PKcs antibody 
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(Ab-4, Neo Markers, Milan, Italy), a mixture of 3 mon-
oclonal antibodies: clone 18-2, clone 25-4, clone 42psc. 
Clone 18-2 was raised against DNA-PKcs protein region 
(1–2713 aa); clone 25-4 against DNA-PKcs protein region 
(3198–4127 aa), and finally clone 42psc recognizes the 
C-terminal 150 kDa of DNA-PKcs; phospho-ERK1/2 
(Thr202/Tyr204); total ERK1/2; phospho-CREB (Ser133); 
total CREB (Cell Signaling Technology, Cambridge, UK), 
and Hsp90-alpha (ABCAM, Milan, Italy). Proteins were 
visualized using an enhanced chemiluminescence detec-
tion system (EuroClone, Milan, Italy) ECL. Images were 
acquired using an Amersham ImmageQuant 800 (GE 
Healthcare, Milan, Italy), and densitometric analysis was 
performed using ImageQuant software (GE Healthcare) 
and Fiji Image software (NIH, Bethesda, Maryland, USA).

Real-time PCR
Total RNA was prepared from CA1 dissected hip-
pocampal slices using the Paris kit (Invitrogen). Total 
RNA (1 μg) was reverse transcribed using the first-
strand synthesis system for real-time PCR (Superscript, 
Invitrogen, Milan, Italy). Relative real-time PCR was 
performed in a Real-Time Thermocycler (MX 3000, 
Stratagene, Milano, Italy) using the Brilliant SYBR Green 
QPCR Master Mix as described in [14]. Quantitative 
data were normalized to the expression of housekeeping 
gene 18S rRNA. Specific primers for mouse c-Fos, Egr-1, 
Exon-III containing BDNF transcript, BDNF, and 18S 
rRNA were designed to amplify short DNA fragments.

(18S forward 5’-GTAACCCGTTGAACCCCATT-3’; 18S 
reverse 5’-CCATCCAATCGGTAGTAGCG-3’; c-Fos for-
ward 5’-ATCGGCAGAAGGGGCAAAGTAG-3’; c-Fos  
reverse 5’-GCAACGCAGACTTCTCATCTTCAAG-3’; 
Egr-1 forward 5’-CCTATGAGCACCTGACCACA-3’; 
Egr-1 reverse 5’-AGCGGCCAGTATAGGTGATG-3’; 
Exon-III BDNF forward 5’- 
TATCATCCCTCCCCGAGAGT-3’; Exon-III BDNF 
reverse 5’- CTGGGCTCAAGGAAGCAT-3’; BDNF 
forward 5’-TGCGAGTATTACCTCCGCCA-3’;  
BDNF reverse 5’-TGACGTGCTCAAAAGTGTCA-3). 
The relative quantitation was calculated with the anal-
ysis software that accompanied the thermal cycler.

Statistical analysis
Throughout the text, measurements are expressed as 
mean ± SEM. Statistical differences between two groups 
were evaluated with an unpaired two-tailed Student’s t 
test. Two-way ANOVA was used for the multiple com-
parisons followed by post-hoc tests. The exact p values 
are provided unless it is at least P < 0.05, accepted as the 
level of significance for all of the tests.

Results
Severe combined immunodeficient mice show impairment 
in synaptic transmission and long-term potentiation
We first confirmed the expression of DNA-PKcs in total 
extracts from the cortex of SCID mice, compared with 

wild-type (WT) mice. Western blot in Fig. 1a shows that 
DNA-PKcs expression is reduced in SCID brain, proba-
bly due to the fact that the truncated DNA-PKcs, lacking 
approximately 8 kDa of the COOH-terminal region, is a 
less stable protein [3,15].

We then performed electrophysiological analysis in 
SCID mice, at 8 weeks of age, by recording extracellu-
lar field potentials in the CA1 area of hippocampal slices, 
after stimulation of the Schaffer collaterals (Fig. 1b–e). 
We first evaluated basal synaptic transmission and found 
a statistical significant difference in input/output (I/O) 
curves between SCID and WT mice, with a lower aver-
aged fEPSP slope in SCID (n = 5) with respect to WT 
mice (n = 6) at the highest stimulus intensity (Fig. 1b), 
indicating an impairment in basal synaptic transmission 
in SCID mice (*P < 0.05).

We further measured PPF in SCID mice, and PPR was 
used as an indicator inversely proportional to presynap-
tic neurotransmitter release [12] (Fig. 1c). We found no 
significant differences in the PPF between SCID (n = 6) 
and WT (n = 5), indicating that presynaptic mechanisms 
are not affected in SCID (WT: 1.62 ± 0.087; SCID: 
1.51 ± 0.080; P = 0.3781) (Fig. 1c, d).

We then evaluated the induction of LTP, by stimulating 
Schaffer collaterals with a HFS protocol consisting of 1 
train (100 Hz, 1 s). In WT mice (n = 12), HFS-induced 
LTP measured 50 min after HFS, as a potentiation of 
fEPSP slope (143.74 ± 11.83% of basal value). On the 
contrary, in SCID mice (n = 12), HFS did not potentiate 
fEPSP (100.18 ± 9.67% of basal value) (WT vs. SCID 
**P < 0.005) (Fig. 1e).

Severe combined immunodeficient mice show normal 
synaptic plasticity-related signaling pathways
After electrophysiological recordings, a single slice from 
a single mouse (WT or SCID) was rapidly dissected to 
isolate the CA1 region. Frozen lysates from CA1 regions 
were analyzed by Western blot to study phosphorylation 
changes of synaptic plasticity-related proteins such as 
CREB and ERK1/2 at different time points after deliver-
ing of HFS in WT (n = 3) and SCID mice (n = 3) [11,16]. 
Densitometric quantification of the immunoreactive 
bands indicates no significant differences in phospho-
rylation levels of CREB and ERK1/2 between WT and 
SCID CA1 slices at the different time points analyzed 
(T2’ CREB: WT: 203 ± 20.25%, SCID: 174.33 ± 6.33%; 
P = 0.8129; n = 4 mice; T5’ CREB: WT: 591.33 ± 8.81%, 
SCID: 573.33 ± 29.53%; P = 0.9792; n = 4 mice; T15’ 
CREB: WT: 215.33 ± 7.68%, SCID: 226.66 ± 6.74%; 
P = 0.9987; n = 4 mice; T5’ ERK1/2: WT: 277 ± 15.53%, 
SCID: 264.66 ± 20.79%; P = 0.991; n = 3 mice; T15’: WT: 
348 ± 51.50%, SCID: 245.33 ± 18.94%; P = 0.104; n = 3 
mice) (Fig. 2).

We then analyzed, by Real-Time PCR, the mRNA 
expression levels of some IEGs known to be actively 
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Fig. 1

(a) Western blot analysis showing a strong reduction of DNA-PKcs protein expression levels in extracts of brain cortex from WT and SCID mice. 
Hsp90 was used as a loading control. (b) Representative fEPSPs evoked in response to successive increments of current intensity in WT and SCID 
hippocampal slices. Input–output curves of fEPSP slope against stimulus intensity show a deficient synaptic transmission in SCID mice (black circles) 
as compared with WT. (white circles). All points between 0.4 and 0.5 mA are significantly different between the two experimental groups (P < 0.05). 
(c) Left panel: A schematic diagram of the short-term synaptic plasticity protocol to induce PPF. Right panel: Examples of PPF traces triggered by a pair 
of presynaptic spikes with a Δtpre = 50 ms from WT and a SCID stimulated hippocampal slices. Scale bars represent 2 mV by 10 ms for both traces. 
(d) The histogram shows the ratio R2/R1, plotted as a function of interspike interval, Δtpre, between two successive presynaptic spikes. No significant 
difference was detected between the two groups (WT n = 5, SCID n = 6) (WT: 1.62 ± 0.087; SCID: 1.51 ± 0.080; P = 0.3781). Histogram data 
are presented as mean ± SEM of the facilitation of the second fEPSP response relative to the first response. (e) Upper left: Representative graph 
indicating sites of stimulating and recording electrodes in a mouse hippocampus sagittal section. Upper right: Two examples of recordings of WT and 
SCID mice depicted at the basal synaptic response, 1 and 40 min after HFS protocol. Scale bars represent 2 mV by 10 ms for both traces. Lower 
left: High-frequency stimulation (1 train at 100 Hz, 1 s) induces LTP with a higher magnitude in WT hippocampal slices compared with SCID mice. 
Lower right: Histogram shows a significant difference in the magnitude of LTP in WT and SCID hippocampus slices. The normalized fEPSP slope for 
WT mice 50 min after the tetanus is 143.74 ± 11.83% of the mean slope before stimulation and that for SCID mice is 100.18 ± 9.67% of the basal 
value (WT vs. SCID **P < 0.005) (WT n = 12; SCID n = 12). Data represent mean (±SEM). Statistics by Student’s t test (unpaired, two-tailed). 
DNA-PKcs, DNA-dependent protein kinase catalytic subunit; fEPSP, field excitatory postsynaptic potentials; HFS, high-frequency stimulation; LTP, 
Long-Term Potentiation; PPF, Pair Pulse Facilitation; SCID, severe combined immunodeficiency disease; WT, wild type.
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transcribed following synaptic stimulation in CA1 dis-
sected regions at different times after LTP [16]. The 
following transcripts were evaluated: c-Fos, Egr-1, Exon-
III BDNF, and total BDNF. No significative differences 
were found in the expression levels of mRNAs for any 
genes analyzed between WT and SCID hippocampal 
stimulated slices (n = 4 for both experimental groups) 
(Fig. 3).

Discussion
The main result of the present study is that SCID 
mice show an impairment in LTP similar to the later- 
developed DNA-PKcs knockout mice in which a 260 
aa truncation results in loss of the entire kinase domain 

[15]. On the contrary, SCID mutation truncates only 
the extreme COOH-terminus of the protein by approx-
imately 8 kDa, unique to the PI3K-related subfamily, 
thus leaving most of the entire DNA-PKcs protein intact 
but abolishing the ability of DNA-PKcs to function as a 
kinase [3]. Although this mutation results in a decrease 
in DNA-PKcs protein levels, it can be detected in SCID 
cell lines of different origin [3,7]. Accordingly, Western 
blot analysis in the present study shows the presence of 
a protein with the expected molecular weight of 460 kDa 
in brain tissue. Therefore, the SCID mouse model can 
be extremely valuable to studying DNA-PKcs functions 
in the brain particularly because it can allow us to differ-
entiate the contribution of DNA-PKcs’ scaffold from its 

Fig. 2

Representative Western blots of phosphorylated and total forms of CREB and ERK1/2 at different times after delivery of HFS. Values in the plots 
represent the percent changes in protein phosphorylation, normalized to the total protein, with respect to control (T0) for each time point. CREB: 
°°P < 0.005 WT T2’ control values (T0), °°°°P < 0.0001 WT T5’ control values (T0), °°°P < 0.001 WT T15’ control values (T0), SCID T2’ *P < 0.05 
vs. control values (T0), SCID T5’ ****P < 0.0001 vs. control values (T0), SCID T15’ ***P < 0.001 vs. control values (T0). ERK1/2: °°P < 0.005 WT 
T5’ control values (T0), °°°P < 0.001 WT T15’ control values (T0), SCID **P < 0.005 SCID T5’ control values (T0), SCID *P < 0.05 T15’ vs. control 
values (T0). Data represent mean (±SEM) and were analyzed by two-way ANOVA followed by Tukey’s post-hoc analysis. CREB, cAMP response 
element-binding protein; ERK1/2, extracellular signal-regulated kinases; HFS, high-frequency stimulation; SCID, severe combined immunodefi-
ciency disease; WT, wild type.
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enzymatic activity. Indeed, in light of its large size, one 
interesting possibility is that DNA-PKcs plays a structural 
role. As a scaffolding protein, it can interact with several 
other factors and hold them in appropriate orientations 
with respect to one another to facilitate interactions and 
condensation in specific cellular sites including the syn-
apses. This hypothesis is in line with recent studies show-
ing that kinases lacking one or more of the amino acids 
typically required to correctly align ATP and metal ions 
show the biological relevance of pseudokinases, which 
are now thought to perform a range of physiological roles 
and are also connected to several human diseases includ-
ing neurodegeneration [17]. However, the similarity of 
our results obtained with DNA-PKcs knockout mice and 
SCID mice confirms a direct role of DNA-PKcs kinase 
activity and not of its scaffold in LTP, but leaves open 
the possibility of new functions not directly linked to its 
enzymatic activity that can be revealed by using SCID 
model.

In this study, we also analyzed some plasticity-related 
canonical pathways. In agreement with our previous 
results, the phosphorylation state of ERK1/2 increased 
5 min following LTP induction, remaining sustained for at 
least 15 min [11,16], and was NS different between SCID 
and WT mice. Furthermore, we studied the phospho-
rylation level of CREB at serine 133, which represents 
another major posttranslational modification essential to 
learning and memory. We found that CREB phospho-
rylation was increased 2 min after LTP induction, with 
a strong increment at 5 min that lasted 15 min, as previ-
ously reported [16]. We also investigated the transcription 
of CREB-target genes in potentiated slices. We found 
that CREB phosphorylation is associated with a consist-
ent increase in the expression of c-fos, Egr-1, and exon-
III containing BDNF transcript that persisted for at least 
90 min after tetanic stimuli. All together these molecu-
lar findings show that the timing of phosphorylation and 
expression of the major molecules involved in LTP are 

Fig. 3

Real-time PCR analysis of: c-Fos, Egr-1, Exon-III BDNF, and total BDNF mRNAs. Histogram data represent the fold change of IEG mRNAs at 
different time intervals after HFS in CA1-stimulated hippocampal slices of WT and SCID mice (n = 4 for each group). Values represent mRNA 
fold changes, normalized to 18S rRNA, with respect to control (T0) for each time point. Data represent mean (±SEM) and were analyzed by two-
way ANOVA followed by Tukey’s post-hoc analysis. For the IEGs: c-Fos: °P < 0.05 WT T0 vs. T15’, °°P < 0.005 WT T0 vs. T30’, T60’, and T90’; 
*P < 0.05 SCID T0 vs. T15’, T30’, T60’, and T90’. Egr-1: °P < 0.05 WT T0 vs. T15’ and T90’; °°P < 0.005 WT T0 vs. T30’ and T60’; *P < 0.05 SCID 
T0 vs. T30’, T60’, and T90’, **P < 0.005 SCID T0 vs. T15’. Exon-III BDNF: °P < 0.05 WT T0 vs. T15’ and T90’, °°P < 0.005 WT T0 vs. T30’ and 
T60’; *P < 0.05 SCID T0 vs. T15’, T30’, and T60’, **P < 0.005 SCID T0 vs. T90’. Total BDNF: °P < 0.05 WT T0 vs. T15’ and T30’, °°P < 0.005 WT 
T0 vs. T60’, °°°°P < 0.0001 WT T0 vs. T90’; *P < 0.05 SCID T0 vs. T60’ and T90’, **P < 0.005 SCID T0 vs. T15’ and T30’. BDNF, brain-derived 
neurotrophic factor; IEG, immediately early gene; SCID, severe combined immunodeficiency disease; WT, wild type.
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unaltered in the absence of DNA-PKcs kinase activity, 
thus confirming that DNA-PKcs acts independently 
during LTP and regulates synaptic plasticity via PSD-95 
phosphorylation and stability [11].

SCID mice are commonly used for immunological stud-
ies due to the lack of functional immune cells; however, 
they possess other cellular features directly linked to the 
genetic defect of DNA-PKcs. Indeed, SCID cells and 
neurons are hypersensitive to ionizing radiation, and 
cell-cycle abnormalities have also been demonstrated 
in the regenerating liver of SCID mice [18]. In addition, 
SCID mice show an increased number of microglia in 
hippocampal and cerebellar brain regions [19], increased 
apoptosis in cortical neurons [7], and increased vulnera-
bility to DNA damage, oxidative stress, and excitotoxic-
ity of hippocampal neurons [8].

Therefore, although SCID mice may prove to be a pow-
erful tool for studying new roles of DNA-PKcs in the 
central nervous system, it is important to emphasize that 
studies using SCID mice focusing on brain functions 
must take into account the role of DNA-PKcs in neuronal 
cells and synaptic plasticity.

Conclusions
DNA-PKcs has long been studied and appreciated for its 
role in DNA DSB repair mechanism, but recent evidence 
highlights new roles of this kinase beyond its initial DNA 
reparative function. Thus, it is possible that our under-
standing of DNA-PKcs is far from being complete. Here, 
we provide evidence that SCID mice may help to eluci-
date the function of DNA-PKcs in the nervous system.

Further studies will help to identify molecules and signa-
ling pathways, regulating DNA-PKcs activity, which may 
have therapeutic potential for reducing synaptic loss and 
cognitive impairment in different neurological diseases.
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