
Clinical Neurology and Neurosurgery 141 (2016) 48–55

Contents lists available at ScienceDirect

Clinical  Neurology  and  Neurosurgery

jo ur nal homep age: www.elsev ier .com/ lo cate /c l ineuro

Microparticle  derived  proteins  as  potential  biomarkers  for  cerebral
vasospasm  post  subarachnoid  hemorrhage.  A  preliminary  study

Magdalena  M.  Przybycien-Szymanskaa,  Yuchen  Yanga, William  W.  Ashleya,b,∗

a Department of Neurological Surgery, Loyola University Stritch School of Medicine, Maywood, IL, USA
b Vivian L Smith Department of Neurosurgery, University of Texas Medical School at Houston, Houston, TX, USA

a  r  t  i  c  l e  i  n  f  o

Article history:
Received 8 October 2015
Received in revised form
14 December 2015
Accepted 15 December 2015
Available online 21 December 2015

Keywords:
Microparticles
Biomarkers
Haptoglobin
Prostaglandin isomerase
Apolipoprotein
Cerebro-spinal fluid

a  b  s  t  r  a  c  t

Objective:  Cerebral  vasospasm  (CV)  and  associated  secondary  brain  injury  are major  contributors  to  death
and disability  after  aneurysmal  subarachnoid  hemorrhage  (aSAH).  Microparticles  (MP)  are  small  vesicular
micro-molecules  released  by  red  and  white  blood  cells,  platelets  and endothelial  cells that  can  change
rapidly  and  specifically  depending  on  the  type  of cellular  insult.  They  may  serve  as  useful  tools

to target  a specific  pool  of proteins  associated  with  the  development  of  CV post  aSAH.  In these  studies,
our  goal  was  to  use  targeted  MP-derived  protein  isolation  to find  reliable  biomarkers  indicating  increased
risk  for  the  development  of CV.  We  hypothesize  that  there  are  specific  early  changes  in  MP-derived  protein
expression  in  CV  patients.  These  proteins  may  be useful  as  biomarkers  for CV  and  may  help  us  to further
understand  the  mechanism  for  the development  of  CV.  Patients  Adult  male  and  female  patients  with
angiographically  confirmed  aSAH  and  an  external ventricular  drain  (EVD)  placed  for medical  or  surgical
needs  were  included  in  this  study.  Patients  were  closely  monitored  for  CV  development.  Cerebrospinal
fluid  (CSF)  was  collected  daily  until  EVD  was  removed.
Methods: Microparticles  were  isolated  using  serial  ultra  centrifugation.  Differential  protein  expression
in  CSF  microparticles  was  analyzed  by a mass  spectroscopy  based  system  using  isotopically-tagged  pep-
tides  to  profile  proteins  and  determine  their relative  concentrations  in individual  patient  samples.  These
proteins  were  correlated  with  the patient’s  clinical  data  and  used  to identify  candidates  for  biomarkers
predictive  of CV.
Results: Over  140  proteins  were  isolated  from  CSF  microparticles.  Proteomic  and  molecular  pathways
analysis  revealed  marked  differential  expression  of proteins  in  patients  with  CV.  We  identified  specific
candidate  proteins  that could  potentially  serve  as early  biomarkers  for CV.  ApoE,  ApoD,  synaptic  nuclear
envelope  protein  1, clusterin,  �-1-acid  glycoprotein,  plasma  protease  C1 inhibitor,  and  prostaglandin  H2
D  isomerase  were  downregulated  in  patients  who  developed  CV  post  aSAH.  Haptoglobin,  fibrinogen  �  and
� chain,  synaptic  nuclear  envelope  protein  2, and  hemoglobin  subunits  �  and  � were  upregulated.  Some
of  these  proteins  are  associated  with immune  and  metabolic  processes  and  some have  been  specifically
associated  with  cerebrovascular  disease  states.
Conclusions:  This  is  the  first  preliminary  demonstration  that  there  is  differential  protein  expression  in
CSF  microparticles  from  CV  patients.  Alone  or in  combination,  these  and  other  proteins  may  be useful
as  reliable  biomarkers  to guide  in stratifying  patients  into  categories  of  risk  to  develop  CV  post  aSAH.
These  results  will  deepen  our  understanding  of  the  mechanisms  of  cerebral  vasospasm  and  potentially
facilitate  the  development  of safer  and  more  effective  therapies  therapies  for  cerebral  vasospasm.
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1. Introduction

Cerebral aneurysmal rupture leading to subarachnoid hemor-
rhage (SAH) represents about 5% of all strokes and affects as many
as 30,000 Americans each year. It has been associated with ini-
tial mortality of 10–15%. Of patients who  are able to reach medical
care, 25% die within the first 2 weeks, and 20–30% of the survivors
are severely and permanently disabled. Overall, the mortality rate
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associated with aneurysmal SAH (aSAH) is 32–67%, which makes it
the most lethal type of hemorrhagic stroke [1].

Once the aneurysm has been treated, cerebral vasospasm (CV)
is the leading cause of morbidity and mortality associated with
SAH. 30–70% of SAH patients will experience vasospasm and nearly
15% will die or suffer devastating neurologic outcomes as a result.
According to Bederson et al. [2], vasospasm may  account for as
much as 50% of deaths in patients surviving to treatment after
SAH. The ability to effectively predict, prevent and treat CV would
result in significantly improved survival and quality of life for SAH
patients. Unfortunately, partly due to poor understanding of mech-
anism of CV, current diagnosis and treatments can be inconsistent
and/or ineffective. More effective diagnosis and treatments would
significantly improve patient outcomes after SAH. The discovery of
biomarkers will guide physicians in stratifying patients into cate-
gories of risk for developing CV. The research thus far has yet to fully
elucidate the pathogenesis of brain injury following SAH and clearly
define the extent to which biomarkers might reliably indicate the
impeding injury. There are multiple theories associated with the
development of CV and each represents a possible source of reli-
able biomarkers [3]. However, it is unlikely that these pathways
function independently. Thus it is unlikely that a single biomarker
will be useful. Instead, a panel of biomarkers may  offer the best
chance for a clinically relevant predictor of CV. Microparticles (MPs)
are very small (0.1–100 �m)  membrane bound vesicles released
by platelets, white blood cells (WBCs), red blood cells (RBCs), and,
importantly, endothelial cells. In the past, they were believed to
be waste products of apoptosis with pro-coagulant properties but
recent studies suggested their paracrine bioactive and regulatory
roles [4–8]. They can be found in serum, cerebrospinal-fluid (CSF),
tears, saliva, and mucus and are released in response to biochem-
ical processes and mechanical stress [8–10]. Thus, in addition to
being markers of pathophysiologic states, these tiny sub-cellular
particles may  play a direct role in the regulation of local and sys-
temic biologic processes such as vasospasm or related ischemia.
Relative concentrations of MPs  vary based on pathophysiology and
may  be specific to injured tissue. Microparticles may  be the thread
that helps to unify the disparate theories regarding the process of
vasospasm. Indeed, recent studies have suggested a role for MPs
in inflammation, endothelial injury, oxidative stress, apoptosis and
spreading depolarization [4–11] all of which have been linked with
the development of CV [3]. Studies suggest a relationship between
MPs, stroke, and ischemic brain injury [6,8,10–12]. Based on these
studies, investigation of the role of MPs  in the pathogenesis of
aSAH and the development of CV was warranted. In these stud-
ies we analyzed MP  expression in CSF samples obtained from aSAH
patients and we hypothesized that there are specific early changes
in CSF-isolated microparticle-derived protein expression that may
be related to the development of CV post aSAH.

2. Materials and methods

2.1. Patient population and procedures

Work for the study was performed at the University of Texas
at Houston (UT Houston). All patients or their representatives pro-
vided written informed consent and all experiments were approved
by IRB review. Adult patients with angiographically confirmed
aneurysmal SAH and an external ventricular drain (EVD) placed
for medical or surgical needs were eligible. For this preliminary
study, we planned to prospectively enroll 10 consecutive patients
with SAH. In one patient no aneurysm was found and for two  oth-
ers, the samples were degraded. Thus a total of seven patients
were analyzed (see Table 1 for patient demographic data). Standard
aSAH protocol was followed for each patient. Five milliliters (ml)

of freshly drained CSF was  collected from an external ventricular
drain daily using sterile technique.

Patients were prospectively enrolled after consent for the
research was obtained and divided into two main groups. Group
1 was the experimental group consisting of patients who had aSAH
and who developed angiographic CV diagnosed by catheter cerebral
angiography. Group 2, was  the control group consisting of patients
who did not have angiographic CV post aneurysmal SAH.

On admission, a computed tomography (CT) scan of the head
was performed, Fisher grade and Hunt and Hess score were
assigned by the admitting attending neurosurgeon. Additional data
were also collected. This included age, race, and gender, time
of symptom onset, family history of aneurysms, and history of
previous bleeds. Cerebral angiography was conducted as per UT
Houston SAH protocol, to verify aneurysm presence, size, shape,
number, and location. Further treatment decisions were made by
the attending neurosurgeon after reviewing clinical and radio-
graphic data. Patients with SAH were managed according to the
UT Houston SAH protocol. An external ventricular drainage (EVD)
catheter was inserted to monitor and control intracranial pressure
as needed, usually at the time of admission to the ICU. The CSF was
directly taken from the collection chamber distal to the drain itself
around the same time each day. If the SAH patient did not develop
neurological changes, he/she underwent a follow-up diagnostic
cerebral angiogram on post-bleed day 7 (+/−1 day). If the patient
developed unexplained neurological changes, he/she underwent
medical therapy and was considered for a cerebral angiogram for
further evaluation and possible treatment of CV per our standard
protocol.

Angiographic CV was  defined by presence of cerebral arterial
narrowing that was verified by cerebral angiography read by a
neurosurgeon/neuroradiologist/neurologist prior to processing of
CSF for determination of biomarker levels. A second neurosur-
geon/neuroradiologist/neurologist verified the findings, if needed,
Angiographic vasospasm presence was assessed in both anterior
and posterior circulation. Clinical CV was defined as an altered
level of consciousness and/or new onset of focal deficit following
the SAH after exclusion of other causes such as seizures, re-bleed,
and fever. Classic symptoms of clinical CV included altered levels
of consciousness, confusion, focal motor symptoms, or new-onset
aphasia.

2.2. Sample processing

For detailed description of sample processing see Appendix
A. Briefly, CSF was drained and collected from the distal collec-
tion chamber under sterile conditions and placed on ice. CSF was
centrifuged and the supernatant was  stored at −80◦ C prior to pro-
cessing for no longer than 2 weeks. When ready for processing,
microparticles were collected by ultracentrifugation and delivered
to the proteomics core for further processing and analysis via mass
spectroscopy (see Appendix A for details)

2.3. Analysis

The accumulated MS  spectra were analyzed by ProteinPilot III
software (Applied Biosystems) using the SwissProt fasta database
for protein identification. The ProGroup reports were generated
with a 95% confidence level for protein identification. The Pan-
ther Classification website (http://www.pantherdb.org/) was  used
to group MP-derived proteins according to their known biological
role and biological process involved. Data obtained from each day
from each patient were normalized to day 3 post SAH and data are
represented as the average fold change value ± SEM (where appli-
cable). Two-way repeated measures ANOVA was used to test for
interactions between CV status (CV vs. no-CV) and day post bleed
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