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Chapter 26

Applications and Limitations of pNF H

a Novel Biomarker for Spinal Cord Injury:
Strategy for the Evaluation of Therapeutic
Outcomes

Toru Ogata, Kentaro Hayakawa, and Hirotaka Chikuda

Abstract The development of proper outcome measurements is as important as
developing novel therapies. One of the characteristic issues in spinal cord injury
(SCI) is the difficulty in severity evaluation at an early time point. In general, the
assessment of tissue damage can be achieved by measurement of tissue-specific pro-
teins released into peripheral blood. Phosphorylated neurofilament NF-H (pNF-H) is
a cytoskeletal structural protein in neurons. In addition to its physiological function,
pNF-H has been reported as a biomarker for axonal damage because of its stability
within blood. In both rodent SCI models and human SCI patients, higher pNF-H
values in blood correlate with more severe neural tissue damage. It would be possible
to determine the severity of SCI by measuring blood pNF-H at either 24 or 96 h after
injury. This better prognostic evaluation may reduce the number of required patients
in clinical studies and facilitate the development of novel therapies for SCIL.

Keywords Biomarker » ELISA ¢ Prognosis

26.1 Introduction

- The development of novel therapies for spinal cord injury (SCI) has been attempted
in various ways, including surgical, pharmacological, and cellular approaches.
Focusing on acute SCI, it is still controversial whether immediate decompression is
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Fig. 26.1 The structure of hwh molecular weight neurofilament. NF-H is the longest form of
neurofilament, having 150 kd as its molecular weight. Near its C-terminus NF-H contains more
than 50 repeats of the serine~lysine~proline (KSP) motif, which is phosphorylated by kinases such
as CDKS, physiologically :

beneficial for SCI -without bone lesions [1]. As for pharmacological approach,
several drugs are now in clinical trials, such as anti-Nogo drugs [2], minocycline [3],
‘the Rho-inhibitor Cethrin [4], and G-CSF [5], which are intended to either reduce
secondary damage or promote neural regeneration and plastic reorganization.
Although there are promising preclinical results to support the effectiveness of these
therapies, the variability of SCI severity and the difficulty in making an accurate
prognostic evaluation make the design of clinical trials impose on including a
large number of patients, which is one of the main obstacles in this field.

The proper prognostic evaluation of SCI has been based on clinical findings and
radiological results such as magnetic resonance imaging and computed tomogra-
phy. However, it is sometimes difficult to perform precise neurological evaluation
because of damage to other organs and/or the unconsciousness of patients [6]. In
addition, spontaneous recovery is frequently observed in acute SCI patients, even in
the case of patients manifesting complete paralysis. Therefore, when we observe
neurological recovery several months after SCI, we can hardly determine whether
the improvement is due to specific therapeutic intervention or the natural course of -
the patient. Therefore, the development of an objective method to. evaluate the
severity and prognosis of SCI is necessary.

In other medical fields, blood samples give large amounts of information related
to diagnosis and severity. In the field of central nervous system disorders, S100B, a
protein expressed in glial cells, and neuron specific enolase (NSE) have been used
for the diagnosis of cerebrovascular diseases [7, 8]. These proteins are physiologi-

cally expressed within neural cells and thought to be released to peripheral cerebro-
spinal fluid, and peripheral blood flow, when cells are damaged and the cell
membrane is disrupted. Several studies measured these proteins in blood samples
from SCI patients, but were of limited usefulness because of their short life in blood
and low specificity to the nervous system. :

High molecular weight neurofilament (NF-H) is one of the cytoskeletal mole-
cules expressed in neurons (Fig. 26.1). Multiple phosphorylation in its KSP region
contributes to the stabilization of the complex with the fiber bundles in axons.
In addition to its physiological functions, pNF-H is also known as an accumulating
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f protem in degeneratx*ve diseases, such as amyotrophxc lateral sclerosm (ALS) [9]

~ Insome types of ALS, the dysfunction of transport systems, which send newly syn- o

thesized neurofilaments to axons, causes accumulation of pNF-H at the cell bodies.
In 2005, Shaw et al. reported that the phosphorylated form of NF-H (pNF-H)
showed resistance to degradation by calpains and is stable in blood [10]. They also
insisted that this molecule has the potential to be used as a biomarker to evaluate
-axonal damage in CNS disorders. In fact, they reported that pNF-H is elevated in
both blood samples and cerebrospinal fluid samples from ALS patients [11]. In'this
- chapter, we discuss the usefulness and limitations of thlS novel blomayker pNF—H
in the clinical field of SCIL

26.2 . ~Measurement of p:NF~H,‘in Rodenf.Models

~To evaluate the sens1t1v1ty of blood pNF»H level in- chscmmmatmo the severity of
SCI, we used a mouse SCI model, in which we took’ daily blood samples from the
tail vein. The blood pNF-H values were determined by an enzyme-linked immuno-
~sorbent assay (ELISA). The severity of SCI was determined by setting damage
force in a spinal cord contusion device. The trend of average pNF-H values showed
“a single peak pattern regardless of the severity. The values marked their peak value
at the third day after injury, returning to the pre—mjured level (below minimal detec-
~tion value) after 2——3 weeks. Although the trends are similar, their peak values differ
dependmg on the severity. The mice who received the most severe injury (90 kdyn)

had the hlghest pNF-H value at 3 days after injury, while mice with less severe SCI.

- show lower pNF-H values. Therefore, blood pNF-H seems to correlate w1th the' .
: degree of trauma in the spmal cord (Fig. 26. 2) ‘ : .

Plasma pNF -H after SCI m mice
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- Fig. 26.2 The time course of blood pNF—H levels in rodent SCI model Mice recelved various

o degrees of SCI (impact force: 30, 60, or 90 kdyn). Serial peripheral blood samples were collected”

~to determine pNF-H levels. Regardless of the severity of SCI, the peak pNF-H 'values were
observed at 3 days after i mjury and higher peak pNF—H values correspond to more severe damaoe'
to spmal cord . ‘
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26.3 Measurement of pNF-H in Humans

To confirm the usability of pNF-H in clinical practice, we collected blood samples
from acute SCI patients. In this study, we set inclusion criteria as patients having
cervical SCI and not having severe traumatic brain injury. In some cases, blood sam-
ples were repeatedly collected until 3 weeks after injury. We recorded clinical symp-
toms on admission and also at the final examination (average duration of 6 months).

First of all, we confirmed that pNF-H is elevated in SCI patients’ blood samples.
In most patients who showed complete SCI, pNF-H was initially detected as early
as 18 h after injury. Serial samples indicated that the pNF-H level increases gradu-
ally for several days after injury (Fig. 26.3). In contrast to the rodent model, in
which pNF-H marks its peak value at 3 days after injury, human SCI samples
- showed sustained elevation of pNF-H even after 3 days. When we plotted the pNF-H
values according to the severity of paralysis at end point, we observed higher pNF-H
values in complete SCI (AIS A) group compared to incomplete SCI (AIS C and D)
group with a statistically significant difference. Thus, the difference was observed
at both 24 and 96 h after injury (Fig. 26.4).

In some cases, we continued to measure pNF-H for up to 3 weeks. All four cases
(two cases with AIS A and two cases with AIS C) showed sustained elevation of
pNF-H even at 3 weeks after injury. At the third week, the difference in pNF-H
value between AIS A and C become unclear (data not shown).

26.4 Discussion

We evaluated the usefulness of pNF-H as a biomarker for SCI in both animal mod-
els and clinical cases and found that blood pNF-H level in the early phase of SCI is
correlated with its overall severity [12, 13].
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Fig.26.3 Serial pNF-H measurements in complete SCI patients. The plasma pNF-H levels of four
patients who were graded as AIS A at the final follow-up are shown. In those patients, pNF-H was

. detectable in plasma from 18 h after injury (221-825 pg/ml), and it increased until 96 h after injury
(1,919-8,023 pg/ml)

19



