
51Folia Neuropathologica 2019; 57/1

Original paper

Immunolocalization of dynein, dynactin, and kinesin in the 
cerebral tissue as a possible supplemental diagnostic tool  
for traumatic brain injury in postmortem examination

Mieszko Olczak1, Łukasz Poniatowski2,3, Magdalena Kwiatkowska1, Dorota Samojłowicz1, Sylwia Tarka1,4,  

Teresa Wierzba-Bobrowicz4

1Department of Forensic Medicine, Medical University of Warsaw, Warsaw, 2Department of Experimental and Clinical Pharmacology, 
Centre for Preclinical Research and Technology (CePT), Medical University of Warsaw, Warsaw, 3Department of Neurosurgery,  
Maria Skłodowska-Curie Memorial Cancer Center and Institute of Oncology, Warsaw, 4Department of Neuropathology, Institute 
of Psychiatry and Neurology, Warsaw, Poland

Folia Neuropathol 2019; 57 (1): 51-62  DOI: https://doi.org/10.5114/fn.2019.83831

A b s t r a c t

Traumatic brain injury (TBI) is characterized by various micro- and macrostructural neuropathological changes which 
can be identified in the light microscope examination. The most common pathophenotype of TBI visualized in post-
mortem neuropathological assessment includes neuron injury with involvement of all of its structural regions followed 
by its progressive degeneration defined as traumatic axonal injury (TAI). This is directly related with disruption of the 
axolemmal cytoskeletal network architecture resulting in breakdown, dissolution and accumulation of a number of 
neuronal proteins. Regarding the availability and progress in the development of specific antibodies against neuronal 
proteins, their usage is restricted due to low specificity for injured axons in the pathomechanism of TBI followed by TAI. 
Taking this into account with relation to expanding the role of axonal cytoskeleton and its based biomarkers we have 
presented a study documenting neuropathological features concerning the expression of dynein (DNAH9), dynactin 
(DCTN1) and kinesin (KIF5B) in the brain specimens obtained during forensic autopsies from TBI victims. The study was 
carried out using cases (n = 21) of severe head injury suspected to be the cause of death and control cases (n = 17) of 
sudden death in the mechanism of cardiopulmonary failure along with a positive control case which died after suicidal 
gunshot injury. In our study, we documented that DNAH9, DCTN1, and KIF5B staining should be considered as a sup-
plemental diagnostic tool for TBI in postmortem neuropathological examination and forensic autopsy. This additional 
motor protein immunohistochemical staining procedure could be useful in the evaluation of lesions that may remain 
undiagnosed during a routine examination and aid in more accurate identification of TBI followed by TAI.

Key words: dynein, dynactin, kinesin, axon pathology, traumatic brain injury.

Communicating author

Mieszko Olczak, MD, PhD, Department of Forensic Medicine, Medical University of Warsaw, 1 Oczki St., 02-007 Warsaw, Poland,  

e-mail: mieszkothe1st@hotmail.com

Introduction

Traumatic brain injury (TBI) is recognized as one 
of the most devastating clinico-pathological states 
[9]. Despite continuous advances in the neuroin-

tensive care with the implementation of a targeted 
combined medical-surgical approach, TBI still rep-
resents the leading cause of death and disability 
worldwide [54,62]. Regarding epidemiological data, 
it was estimated that annually TBI is associated with 
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10 million deaths and hospital admissions which 
results collectively in the fact that globally 57 mil-
lion living people have been hospitalized with single 
or more episodes of TBI [40]. Therefore these short 
statistical data mentioned represent that each year 
a large part of the population across the world, both 
from the civilian and military sector, is affected by 
TBI and its long-lasting consequences. The natural 
course of the heterogeneous condition such as TBI 
is related to two subsequent and not clearly demar-
cated pathophysiological events such as primary 
and secondary (delayed) injury where practically all 
areas, levels, and compartments of the brain could 
be affected [73]. Primary injury is defined as the 
direct effect of a transiently applied external phys-
ical force, whose nature and other combined attri-
butes affect the severity of the injury [46]. Applied 
initial primary injury can be a result of direct/indirect 
blunt external mechanical force, rapid acceleration/
deceleration, blast arising from shockwave exposure 
and ballistic penetration by projectile [18]. The vari-
ety of changes occurring at the moment of trauma 
include mechanical damage of cranium, meninges 
and soft tissues associated with collective injury of 
grey and white matter occurring with rapid prote-
olysis of the axoplasm, what is defined as primary 
axotomy [7]. Primary injury-associated events are 
also influenced by the development of intra- and 
extra-axial space-occupying mass lesions such as 
hematomas and oedematous changes in neural tis-
sue accompanied by alternations in hydrodynamics 
of the cerebrospinal fluid (CSF) [30]. On the cellular 
and microstructural level, screening of the primary 
injury effects includes the immediate death of neu-
rons, glia and therefore endothelial cells resulting in 
the swift release of neurotransmitters along with 
disruption of microvascular regulation and perme-
ability ongoing with a dysfunction of neurovascular 
units and junction proteins forming the blood-brain 
barrier (BBB) [14,27]. Secondary injury comprises 
nonlinear self-propagating events representing the 
continuation of the processes initiated by primary 
injury ongoing from minutes to years [38]. These 
synergistic neurometabolic and neurochemical 
mechanisms include but are not limited to further 
alternations in vascular regulation, evoke oxidative 
stress (OxS) accompanied with free-radical produc-
tion, peroxidation (PX) of macromolecules, gluta-
mate (Glu) resilient accumulation/excitotoxicity and 
neuroinflammation [8,21]. Among both phases of 

TBI, one of the integral pathophenotypes includes 
disruption of integral and functional maintenance 
of neuronal cell membrane and axolemmal cyto-
skeletal network architecture which are together 
defined as a  traumatic axonal injury (TAI) [11]. An 
additive mechanism is associated with a  complex 
failure of axonal mitochondria metabolism due to 
the impairment of adenosine-5’-triphosphate (ATP) 
production along with alternations in its transmem-
brane potential (ΔΨ) [68]. Ongoing and exacerbated 
disequilibrium of axolemma from stretching caused 
an uncontrolled influx of sodium (Na+) and calcium 
(Ca2+) ions from extracellular space accompanied by 
an intra-axonal release of the latter ones from mito-
chondria and axoplasmic reticulum [70]. Initiated 
Ca2+-dependent influx waves cascade causes con-
sequent proteolysis of the key axonal cytoskeleton 
components including neurofilaments, microtubules 
and subaxolemmal actin/spectrin complex [58]. This 
process is mediated through Ca2+-sensitive enzymes 
such as the number of proteases, calpains, phospha-
tases and phospholipases [43,44]. These reviewed 
ultrastructural and neuropathological events during 
post-acute and chronic phases of TBI associated 
with a  progressive disruption in axonal transport, 
interruption of terminal axonal connections, demy-
elination and neuronal loss are also defined as 
secondary axotomy which is followed by next-step 
Wallerian degeneration [6]. The important role of 
axonal cytoskeleton and its based biomarkers in TBI 
models has increased in recent years [32]. Although 
the wide availability of antibody panels allow us to 
perform visualization of axonal disruption in a neu-
ropathological examination, their usage is restricted 
due to the low specificity concerning damaging cir-
cumstances. However, despite these findings, along 
with ongoing development of immunocytochemical 
labelling techniques, there is still a need to attempt to 
identify novel supplemental markers and their com-
pilation platforms for injured nerve fibers as a result 
of TBI. Functions and mechanics of the axoplasmic 
cytoskeleton network are associated with the three 
large families of ATP-fuelled motor proteins such 
as dynein, dynactin and kinesin [45]. Consecutively, 
these multisubunit complexes are involved in a vari-
ety of essential functions in eukaryotic cells such 
as bidirectional transport of biological cargoes and 
vesicles that include, but are not limited to proteins, 
macromolecules, endosomes, mitochondria and oth-
er organelles to target regions along with regulation 
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of mitosis, meiosis, autophagy and maintenance 
of the endoplasmic reticulum and Golgi apparatus 
[20,48]. According to the topological superstruc-
ture, dynein constitutes a complicated multiprotein 
complex (~1.5 MDa) built around a pair of identical 
heavy chains that are connected with two hexameric 
rings belonging to ATPases associated with diverse 
activities (AAA+) superfamily and dimeric subunits 
such as intermediate chains, light-intermediate 
chains and light chains (TCTEX, LC8 and Roadblock) 
[52]. Dynactin, an accessory adaptor protein (~1.2 
MDa) is composed of 11 different subunits and 
interacts with dynein via its N-terminal intermedi-
ate chain [39,67]. This assembled heterooligomeric 
complex translocates towards the minus end (retro-
grade) and applies a pulling force on the microtubule 
network through repeating mechanochemical cycle 
obtaining energy from ATP hydrolysis [13]. Accord-
ingly, kinesin holoenzyme frequently displaces along 
microtubules in the opposite plus end (anterograde) 
direction, acting as a conventional cross-linked het-
erotetramer of two light chains (~65 kDa) and two 
heavy chains (~120 kDa) containing the N-terminal 
motor domain [33]. Although the role of microtu-
bules in cytoskeletal derangement in case of TBI 
has been widely characterized, less is known about 
the role of its associated motor proteins. Reflecting 
on the physiological role, distribution, and features 
of motor proteins in the highly polarized and coor-
dinated cytoskeleton system, in neuronal cells we 
hypothesize that they could serve as a potential sup-
plemental diagnostic marker indicating the axonal 
disruption in case of TBI for neuropathological and 
forensic purposes. According to these facts, we con-
ducted a study to attempt to preliminarily evaluate 
and qualitatively describe the expression of dynein, 
dynactin, and kinesin by performing immunohisto-
chemical staining within the brain tissue of the ana-
lyzed population in postmortem examination. To our 
best knowledge, the currently available literature 
does not contain similar published studies to the 
one presented in this manuscript, that is, pertaining 
to the usage of motor protein staging in the neuro-
pathological examination of TBI.

Material and methods

Autopsy cases

The study was carried out using 21 cases (n = 21) 
of severe head injury suspected to be the cause of 

death such as contusions, abrasions and lacerations 
visible on the skin of the head comprising deaths not 
preceded by hospitalization and cardiopulmonary 
resuscitation (CPR) along with 17 cases (n = 17) of 
sudden death in the mechanism of cardiopulmonary 
failure resulting from cardiac arrest due to acute 
myocardial failure (no injuries of the head) without 
cardiopulmonary resuscitation (CPR). The positive 
control was included and defined using one 52-year-
old male decedent (n = 1) which died instantly after 
direct projectile penetration of the head and brain 
resulting from a suicidal gunshot injury and CPR was 
not performed. All cases to be evaluated were provid-
ed by forensic pathologists from the Department of 
Forensic Medicine at the Medical University of War-
saw. Additional information about the circumstances 
of death was collected from the case files. The fol-
lowing study is based on case groups as presented in 
our previous publications [50,51]. The average age of 
the deceased was 53.7 ± 3.9 in the study group and 
55.8 ± 3.0 in the control group. Groups did not differ 
statistically (p > 0.05) with respect to age.

Tissue dissection and preparation

At the time of forensic autopsy carried out with-
in ~24-48 hours after death (cases with visible signs 
of putrefaction were excluded from the study), brain 
specimens comprising the frontal lobe associated with 
cingulate cortex and corpus callosum were obtained 
and fixed in 10% buffered formalin (CH2O), then 
embedded in paraffin. No signs of neurodegeneration 
were observed during neuropathological examination 
of brain sections. Also, both medical records and fam-
ily testimony did not report neurodegenerative brain 
disease history in any of the patients. Control group 
cases revealed no morphological signs of a brain inju-
ry either on the macroscopic or microscopic level. The 
study group revealed blunt injuries to the head (con-
tusions, abrasions, lacerations or hemorrhages in the 
subcutaneous tissue of the head) on the postmortem 
examination. The injuries were resulted in some cases 
in macro- and microscopic signs of a brain injury. Part 
of the study group (52% of cases, n = 11) were primary 
lethal (subdural hemorrhage, brain contusion or intra-
ventricular bleeding). Another part of the study group 
(48% of cases, n = 10) revealed minor posttraumatic 
neuropathological findings such as local subarach-
noid hemorrhage (SAH) that could not be precisely 
assumed to be the cause of death. In these cases, the 
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cause of death was linked to multiple trauma (inju-
ries to the head accompanied by lethal injuries to the 
trunk). Sample brain lesions seen in hematoxylin and 
eosin (H&E) and other various immunohistochemical 
staining of the groups were presented in our previ-
ous works [50,51]. Dissected intact specimens were 
stained immunohistochemically with the dynein heavy 
chain (DNAH9) antibody (NBP1-90492; Novus Biolog-
icals, Littleton, CO, USA) in 1 : 100 dilution, dynactin 
subunit 1 (DCTN1) antibody (AB6048; Merck Millipore, 
Burlington, MA, USA) in 1 : 100 dilution and kinesin 
family member 5B (KIF5B) antibody (21632-1-AP; Pro-
teintech, Chicago, IL, USA) in 1 : 100 dilution according 
to the protocols supplied by the manufacturers. Posi-
tive control (gunshot injury) specimens were addition-
ally stained with H&E along with the amyloid precursor 
protein (APP) antibody (NB110-55461; Novus Biologi-
cals, Littleton, CO, USA) in 1 : 250 dilution according to 
the manufacturer’s protocols. The microphotographs of 
the brain sections were taken with the Olympus BX51 
microscope (Olympus Optical, Tokyo, Japan) equipped 
with Camedia C-3040 Zoom digital camera (Olympus 
Optical, Tokyo, Japan) connected with computerized 
data acquisition and image analysis system, Olympus 
DP-Soft version 3.2 software (Olympus Soft Imaging 
Solutions, Tokyo, Japan).

Results

Dynein

In the neocortex, the control group presented 
a  positive DNAH9 expression in cytoplasm corti-

cal neurons and axons distinctly increased in the 
vicinity/area of the nucleus with no reaction in its 
central area. The study group revealed distinctly 
diminished homogeneous DNAH9 expression in the 
cytoplasm of cortical neurons and axons. We did not 
observe significant changes among corpus callosum 
in DNAH9 expression between the study and con-
trol group. Furthermore, the intensity of observed 
changes tends to increase with the severity of the 
head injury sustained. A  positive control (gunshot 
injury) case presented positive DNAH9 expression in 
the neuropil (outside neural cells) seen as numerous 
lumps. Sample microphotographs showing DNAH9 
expression are presented in Figure 1. 

Dynactin

In the neocortex, the control group presented 
a positive DCTN1 expression (positive reaction with 
clusters/graininess formation) in the cytoplasm 
of cortical neurons simultaneously with a  positive 
expression in axons. The study group revealed dis-
tinctly diminished homogeneous DCTN1 expression 
in the cytoplasm of cortical neurons with almost no 
expression in axons with a positive reaction also seen 
in the form of lumps located in the neuropil. In the 
corpus callosum, the control group presented a pos-
itive and steady DCTN1 expression along axons. In 
the study group, a positive increased DCTN1 expres-
sion was segmentally seen in axon fragments. Fur-
thermore, a positive reaction was seen in the form of 
lumps located between the axons. The number and 

Fig. 1. Representative microphotographs showing DNAH9 expression in examined brain sections. A) Control 
group, frontal cortex at ×400 magnification; positive DNAH9 reaction in the cytoplasm of cortical neurons of 
the 5th layer and its axons distinctly increased in the area of the nucleus with no reaction in its central area 
(black arrows). B) Study group (primary lethal), frontal cortex at ×400 magnification; distinctly diminished 
homogeneous DNAH9 expression in the cytoplasm of cortical neurons of the 5th layer and its axons (black 
arrows). C) Positive control (gunshot injury) case, white matter in the vicinity of the bullet channel at ×400 
magnification; positive disseminated DNAH9 reaction in the neuropil (outside neural cells) seen as numer-
ous lumps in the vicinity of brain gunshot lesions (black arrows).
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Fig. 2. Representative microphotographs showing DCTN1 expression in examined brain sections. A) Control 
group, frontal cortex at ×400 magnification; positive DCTN1 reaction (with clusters/graininess formation) in the 
cytoplasm of cortical neurons of the 5th layer (black arrows) simultaneously with positive expression in axons 
(white arrows). B) Study group (primary lethal), frontal cortex at ×400 magnification; distinctly diminished homo-
geneous DCTN1 expression in the cytoplasm of cortical neurons of the 5th layer (black arrows) with almost no 
expression in axons, the positive reaction also seen in the form of lumps located in the neuropil (white arrows). 
C) Control group, corpus callosum at ×400 magnification; positive and steady DCTN1 reaction along axons (black 
arrows). D) Study group (primary lethal), corpus callosum at ×400 magnification; positive increased DCTN1 reac-
tion segmentally seen in axon fragments (black arrows), the positive reaction is also seen in the form of lumps 
located between the axons (white arrows) and in glial-like cells (black triangles). E) Positive control (gunshot 
injury) case, white matter in the vicinity of the bullet channel at ×200 magnification; positive disseminated 
DCTN1 reaction in the vicinity of brain gunshot lesions (black arrows). F) Positive control (gunshot injury) case, 
white matter in the vicinity of the bullet channel at ×400 magnification; positive disseminated DCTN1 reaction 
in glial-like cells in the vicinity of brain gunshot lesions (black arrows).
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severity of observed changes tends to increase with 
the severity of the head injury sustained. The posi-
tive control (gunshot injury) case presented a clear 
DCTN1 expression in neuroglial cells in the vicinity of 
the bullet channel, which have been identified bas-
ing on cell morphology seen on H&E stainings of the 
next sections. Sample microphotographs showing 
DCTN1 expression are presented in Figure 2.

Kinesin

In corpus callosum, the control group presented 
a positive KIF5B expression in axons and oligoden-
droglia which have been identified basing on cell 
morphology seen on H&E stainings of the next sec-
tions. The study group presented an enhanced KIF5B 
expression segmentally seen in axon fragments with 
a  diminished expression in oligodendroglia. As in 
the two previous stainings, the intensity of observed 
changes tends to increase with the severity of the 
head injury sustained. Some of the study group cas-
es presented cells with a positive KIF5B expression 
in the vicinity of blood vessels in white matter of 
frontal lobes (simultaneously red blood cells in the 
lumen of vessels presented no KIF5B expression), 
other cases presented simultaneously cells with 
a positive KIF5B expression in the lumen of cortical 
blood vessels in the same area. We did not observe 
significant changes among cortical neurons in KIF5B 
expression between the control and study group. 
The positive control (gunshot injury) case presented 
positive KIF5B expression cells in the vicinity and in 
the lumen of blood vessels in white matter, in the 
vicinity of the bullet channel, as well as in neuroglia 
and neuropils (outside neural cells) seen as numer-
ous lumps where neuroglia were identified basing 
on cell morphology seen on H&E stainings of the 
next sections. Sample microphotographs showing 
KIF5B expression are presented in Figure 3.

Positive control (H&E and APP)

The positive control (gunshot injury) case pre-
sented numerous hemorrhagic foci in the vicinity of 
the bullet channel with a visible reaction of neuroglia 
and single macrophages (increased numbers) where 
neuroglia and macrophages were identified basing on 
cell morphology seen on H&E stainings of the next 
sections. At the same time, there were no retraction 
bulbs seen in APP staining. Sample microphotographs 

showing H&E and APP stainings in the positive con-
trol (gunshot injury) case are presented in Figure 4.

Discussion

Pathophysiology of TBI establishes a number of 
heterogeneous micro- and macrostructural neuro-
pathological changes which can be observed and 
characterized in the light microscope examination. 
The nature of this circumstance directly results from 
complex brain cytoarchitecture which includes 
a  large number of interacting cell populations and 
regions, each with its dedicated and distinctive func-
tion [4,5]. These observations are mainly related to 
neurons which consist of morphologically complex 
and highly specialized asymmetric polarized cells 
responsible for generation, conduct, receipt and 
transmission of neurochemical impulses [35]. 
Among them, glial cells such as astrocytes, oligoden-
drocytes, and microglia also exert their dedicated 
supportive properties regulating and maintaining 
the microenvironment of cerebral tissue [36]. At the 
moment of instantaneous application of biomechan-
ical force and its mechanotransduction, the entire 
integrated cell populations mentioned and scales 
composing brain parenchyma are affected [31]. 
However, the most important and common conse-
quence of TBI observed in postmortem neuropatho-
logical assessment is associated with a  collective 
neuron injury, covering all of its parts such as the 
body, axon, and dendrites followed by its ongoing 
instability and progressive degeneration referred to 
as TAI [6]. This is directly related with alternations 
concerning components of the neuronal cytoskele-
ton such as breakdown, dissolution, and accumula-
tion of microtubules, neurofilaments and subaxo-
lemmal actin/spectrin complexes situated along the 
length of the axon [56]. Certain morphological fea-
tures in predefined contusional cerebral regions of 
white matter following TBI are directly reflected by 
an interspersed occurrence of axonal swelling occur-
ring within hours after the trauma due to the accu-
mulation of transported cellular cargoes [15,60]. The 
periodic organization of swellings interconnected by 
a contiguous axon along its length at the location of 
the injury is more recently referred to as axonal var-
icosities [63,64]. Another phenotype morphological 
manifestation of axonal disruption certainly repre-
senting its complete disconnection is one large sin-
gle insertion known as retraction bulb which is 
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Fig. 3. Representative microphotographs showing KIF5B expression in examined brain sections. A) Control group, 
corpus callosum at ×400 magnification; positive and steady KIF5B reaction along axons (black arrows), the positive 
KIF5B reaction in oligodendroglia-like cells (white arrows). B) Study group (primary lethal), corpus callosum at ×400 
magnification; positive increased KIF5B reaction segmentally seen in axon fragments (black arrows), diminished 
KIF5B reaction in oligodendroglia-like cells (white arrows). C) Study group (primary lethal), white matter of the fron-
tal cortex at ×400 magnification; KIF5B positive cells most likely macrophages/phagocytic microglia in the vicinity 
of a blood vessel (black arrows), red blood cells in the lumen of a blood vessel with no KIF5B reaction (white arrow). 
D) Study group (primary lethal), white matter of the frontal cortex at ×400 magnification; KIF5B positive cells most 
likely macrophages/phagocytic microglia in the vicinity of a blood vessel (black arrows), KIF5B positive cells in the 
lumen of a blood vessel (white arrow). E) Positive control (gunshot injury) case, white matter in the vicinity of bullet 
channel at ×400 magnification; positive disseminated KIF5B reaction in neuropils (outside neural cells) seen as 
numerous lumps (black arrows), KIF5B positive cells most likely macrophages/phagocytic microglia in the vicinity of 
a blood vessel (white arrows), KIF5B positive cells in the lumen of a blood vessel (black triangle). F) Positive control 
(gunshot injury) case, white matter in the vicinity of the bullet channel at ×400 magnification; positive disseminat-
ed KIF5B reaction in neuropils (outside neural cells) seen as numerous lumps in the vicinity of brain gunshot lesions 
(black arrows), positive KIF5B reaction in neuroglial-like cells (white arrows).
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found in a short period of time after TBI [29]. This 
image is usually hallmarked by the presence of 
microglial scars, disseminated gliosis, microhemor-
rhages and long tract degeneration [16]. Taking into 
consideration that TBI has a disseminated and mul-
tifocal nature, the visualization and diagnosis of this 
condition premortem could be indistinguishable or 
undetectable to current non-invasive routine radio-
logical and nuclear medicine techniques where the 
postmortem neuropathological examination mainly 
provides its definitive diagnosis [28,41]. Although, in 
particular novel, advanced neuroimaging techniques 
such as diffusion tensor imaging (DTI) may be prom-
ising in the evaluation of white matter tracts integri-
ty in vivo through estimation of the diffusion aniso- 
tropy of water molecules [71]. Across various histo-
pathological approaches applied to date for tinctori-
al stainings visualization of TAI and its abnormal 
axonal phenotypes, one should list H&E, silver 
impregnation including Palmgren method, sole 
3,3’,5,5’-tetramethylbenzidine (TMB) staining and 
conventional myelin stainings [2,19,49,65]. Currently 
used immunohistochemical stainings utilizing tar-
geted antibodies remain the gold standard in the 
diagnosis of TAI and its distribution for both experi-
mental and clinical purposes in the field of neuropa-
thology and forensic medicine [60]. Accordingly, 
from multiple candidates staining with APP antibod-
ies attracted significant attention due to its sensitiv-
ity and robust capacity to identify injured axons in 

individuals within ~30 min after TBI [26,34]. Addition-
al immunohistochemical staining used for examina-
tion of proteins whose exacerbated expression is 
detected in the course of TBI includes, but is not lim-
ited to presenilin-1 (PS-1) antibodies, beta (β) amyloid 
cleaving enzyme (BACE) antibodies, alpha (α)-synu-
clein (ASN) antibodies, ubiquitin (Ub) antibodies, 
cytochrome c (CYCS) antibodies and caspase-3 
(CASP3) antibodies along with a number of axonal 
cytoskeleton labelled antibodies including microtu-
bule-associated protein tau (MAPT), calpain-mediat-
ed spectrin proteolysis (CMSP), 68 kDa neurofila-
ment (NF), phosphorylated 200 kDa NF (SMI-31)  
and non-phosphorylated 150 kDa NF (SMI-32) 
[10,12,55,66,72]. Regarding the ongoing progress in 
characterization and utilization of new antibodies 
and their combinations against neuronal proteins, 
they still do not provide exclusive specific labeling 
for disrupted axons in the pathomechanism of TBI 
followed by TAI [37]. In this case, accumulated pro-
teins such as APP are also present during a hypoxic/
ischemic or hemorrhagic insult along with neurode-
generative diseases [47]. Another limiting concern 
besides damaging circumstances specificity is asso-
ciated with over- and under-interpretation in the 
evaluation of the scale and time evolution of axonal 
injury which is critical in the assessment of TAI 
[37,57]. In this regard and in relation to the growing 
role of the axonal cytoskeleton and its based bio-
markers in TBI studies, we have presented a study 

Fig. 4. Representative microphotographs showing H&E and APP expression in examined positive control 
(gunshot injury) case brain sections. A) Positive control (gunshot injury) case in H&E staining, white matter 
in the vicinity of the bullet channel at ×100 magnification; gunshot lesions along with hemorrhagic foci 
(black arrows). B) Positive control (gunshot injury) case in APP staining, white matter in the vicinity of the 
bullet channel at ×400 magnification; no visible retraction bulbs.
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documenting various neuropathological features 
concerning the expression of dynein, dynactin, and 
kinesin in the obtained cerebral slices from TBI vic-
tims and their comparable control group cases. In 
general, our study group showed a  diminished 
homogeneous expression in neurons and axons con-
cerning DNAH9 and DCTN1 with no significant 
changes in KIF5B expression among cortical neurons 
of the 5th layer in neocortex. Additional finding con-
cerning DNAH9 was associated with its overexpres-
sion around the nucleus with no reaction in its cen-
tral area, what is consistent with centrosome 
localization and functioning [53]. In relation to find-
ings observed within the corpus callosum, the 
DNAH9 revealed no significant changes in expres-
sion between the study and control group whereas 
DCTN1 and KIF5B have shown a positive increased 
expression localized segmentally in axon fragments. 
This is corresponding with classic findings regarding 
partial interruption segmentally interconnected by 
a contiguous axon fragment along its length at the 
injured site [25]. Due to the short period of time 
between TBI and death, we suppose that axon dis-
ruption consists of a  direct effect of injury rather 
than potential hypoxic/ischemic effects which could 
also develop as the effect of prolonged agony phase 
or CPR which was not performed in any of our 
groups. In our previous study, using a series of anti-
bodies against APP, NF, myelin basic protein (MBP) 
and glial fibrillary acidic protein (GFAP) we observed 
several features including astrocyte clasmatoden-
drosis with its endfeet damage, rupture of neurovas-
cular units indicating BBB disruption, NF rupture 
along with diminished reaction to MBP [50]. Instead 
of this, we did not observe retraction bulbs within 
damaged axons suggesting the examined proteins 
deposition requires longer periods of survival time 
after TBI. This is in line with our current finding con-
cerning cytoskeletal proteins where also we did not 
observe evident retraction bulbs in stainings per-
formed. Nevertheless, despite the lack of retraction 
bulbs, the abovementioned findings are in this con-
text significant as an early marker in the detection of 
the TBI consequences in minutes. The study group 
presented a diminished KIF5B expression among oli-
godendroglia whereas in some cases we observed 
the increased expression in the vicinity and lumen of 
blood vessels in the white matter of frontal lobes 
with no reaction concerning red blood cells. As we 
previously reported, this is probably due to early 

phase activation and migration of macrophages/
phagocytic microglia cells towards blood vessels 
[51]. These phenomena are associated with clearing 
of cellular debris and initiation of neurorestorative 
processes or become dysregulated and act as a cyto- 
and neurotoxic factor [42]. It was observed that 
microglia after lipopolysaccharide (LPS) stimulation 
become activated and convert its form to ameboid 
within several hours in vitro increasing the expres-
sion of cytoskeletal proteins, which is in line with our 
observations [1,61]. However, it is accepted that 
microglia react to TBI within minutes, what strength-
ens our remarks [17]. The observations in cytoskele-
tal stainings were also predictive of a neuronal/axo-
nal injury even in cases where the head injury was 
not assumed to be direct the cause of death, which 
in some cases could remain undiagnosed during reg-
ular postmortem neuropathological examination 
and forensic autopsy similarly to what we stated 
previously [51]. The indicated axonal transport inter-
ruption also seems to be important in the context of 
primary non-lethal TBI victims who are clinically 
present with neurological symptoms like a  head-
ache, dizziness, chronic fatigue, deficits in attention, 
anxiety and many others [3,31]. In this case, visible 
changes in cytoskeletal protein expression indirectly 
give the evidence of occurred TBI followed by axonal 
transport interruption [24]. Collective microglia acti-
vation along with diminished reaction in oligoden-
droglia concerning the cytoskeletal proteins indicate 
their further and persisting dysfunction suggesting 
a link between TBI and subsequent neurodegenera-
tive and demyelination diseases [23]. In our study 
context, the evident attention should be paid to Alz-
heimer’s disease (AD) and its linked pathologies 
associated with proteinopathies along with other 
diseases such as Parkinson’s disease (PD), amyo-
trophic lateral sclerosis (ALS) and dementia [22,69]. 

Conclusions

The study proved that dynein, dynactin, and kine-
sin staining should be considered a  supplemental 
diagnostic tool for TBI in postmortem neuropatho-
logical examination and forensic autopsy. Further-
more, associated features in cytoskeletal stainings 
including neuronal body and axon reactive chang-
es distribution along with the presence of various 
degree immunoreactivity in glial-like cells identified 
in the traumatic context should suggest the diag-
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nosis of TBI followed by TAI or at least the need of 
utilizing more specific techniques and markers. This 
additional staining procedure could be useful in the 
evaluation of lesions that could remain undiagnosed 
during a routine examination. In this regard, careful 
assessment and use of several methods, including 
timely autopsy and immunohistochemical staining 
for cytoskeletal proteins determination can contrib-
ute to more precise dating of the experienced severe 
and moderate TBI and aid more accurate identifica-
tion of the TAI evolution.
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