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Spinal and Supraspinal Changes in Vitamin D3 Up-regulated Protein 1 (VDUP1)
Gene Expression after Spinal Cord Injury

Yon Hee Shim, M.D., Young Ho Lee, M.D.*, Won Hyung Lee, MD."
Seok Hwa Yoon, MD , and Yong Sup Shin, MD

Department of Anesthesiology and Paln Medicine, Yonsei University College of Medicine, Seoul, Korea,
Departments of *Anatomy and Anestheswlogy and Pain Medicine, College of Medicine,
Chungnam National University, Daejeon, Korea

Background: Vitamin D3 up-regulated protein 1 (VDUP1) gene is known to be a novel member
of the early response genes and an oxidative stress mediator. This study was designed to elucidate

VDUPI1 expression and its involvement in central sensitization after spinal cord injury (SCI).

Methods: Contusion injury was produced at spinal segment T10 (20 mm drop, 10 g rod) in adult male
Sprague-Dawley rats (250-300 g). Withdrawal responses were measured using von Frey filaments and
acetone on the 1%, 3 and 7" days after SCI. The expressions of VDUP1 gene in the brain and in the
cervical and lumbar spine were examined by immunohistochemistry on the 1% 3% and 7" day after SCIL.

Results: VDUP1 gene was detected in a few oligodendrocytes in the spinal cord and in the brain

of control rats. VDUPI gene expression increased in most of the neurons and ependymal cells in the

central canal of the injured (lumbar) spinal cord 1 day after SCI. This expression gradually decreased

in majority of cells from day 1 to day 7 after SCI. VDUP1 gene expression was also observed to be

increased 1 day after SCI, and gradually to decrease from 1 day to 7 days after SCI. The neurons

in the intact (cervical) spinal cord VDUP1 gene expression increases maximally 3 days after SCI in

the cerebral cortex and the thalamus. Neuropathic pain behavior was triggered by the plantar surface

of the fore foot after SCI.

Conclusions: These results show that the VDUP1 gene may be an early modulator of transneuronal

stress response after SCI, and to be related to the central sensitization of neuropathic pain behavior after

SCI. (Korean J Anesthesiol 2003; 44: 255~264)

Key Words: Central sensitization; gene; neuropathic pain; spinal cord injury; vitamine D3 up-regulated

protein.
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Fig. 1. Foot withdrawal frequences with von Frey and
acetone tests in the fore foot after spinal cord injury (SCI).
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Fig. 2. Vitamin D3 up-regulated protein 1 (VDUP1) gene expression in contused lumbar spinal cord after
spinal cord injury (SCI). (A) The spinal cord of normal control rats, cross sectional view, x 40 There
was little expression of VDUPI1 gene. (B) The spinal cord 1 day after SCI, cross sectional view, x 40
VDUPI1 gene expression increased significantly in most of the spinal cord. (C) The spinal cord 3 days
after SCI, cross sectional view, X 40 VDUPI gene expression decreased in most of the spinal cord.
(D) The spinal cord 1 day after SCI, longitudinal sectional view, X 40 VDUPI1 gene expressed in broad
area around contused spinal cord. (E) The white matter in the spinal cord of normal rats, cross sectional
view, x 200. A few oligodendrocytes (arrows) express VDUP1 gene. (F) The gray matter around central
canal (arrow) 1 day after SCI, cross sectional view, X 200. A lot of neurons and most of ependymal
cells in the central canal express VDUP1 gene. (G) The anterior gray and white columns 1 day after
SCI, cross sectional view, x 200. VDUP1 gene expression increase in most of motor neurons in anterior
gray column (AG) and many oligodendrocytes in the anterior white column (AW). (H) The posterior
gray column area 1 day after SCI, cross sectional view, x 200. A few neurons express VDUP1 gene
in posterior gray column (PG), and many neurons in the intermediate gray column (IG) express VDUP1
gene. (I) The spinal cord 1 day after SCI, longitudinal sectional view, x 100. Most of neurons in gray
matter (GM) and many oligodendrocytes in the white matter (WM) express VDUP1 gene. (J) The spinal
cord around central canal (arrows) 1 day after SCI, longitudinal sectional view, x 100. A lot of
ependymal cells around contused spinal cord express VDUP1 gene (GW, gray matter).



Aedz] 2] 491 1 H4 &4 3 Vitamin D; Up-regulated Protein 1 %12+ W& 259

Foysle] DNAR ZZelglth 2% DNAS
stod 2% agarose geloll A7]d5 & +
A S
4 iy

B2 WEAA A3 PLAAE A 4T B
5ub2]2] FHollA] von Frey " acetone testol]l <F&}A
o5 Ho|Av} vkgalA] gkt Zu|dt o] A%
Zhginle] eyl Mg EA4S v
von Frey %l acetone testol] HH3-8
£ F 79 E = Al
oo H3thEig. 1). SEellAE Hg E4
utgle] F BF A5 E4 F 79A7R
vehtA] gkokew, 23]y FAulsol
A ¢k wmhu] "ol ibebydrl. wiH]
4 T 78Hl0l FH5F A

=

=]

-

_
e
EI

e

(e ot

Y

e

fo 4y I o
N

lo
T
T

A

ot I
o
rlo olo
.1
P

B4 A 3iAe] AAAEAE VDUPL 4
A7y A gkgkont, MAL AR FL&EFT|oln
A|ZEo|A VDUPL F+AA7F W =gl vh(Fig. 24, E).
A5 £ T 1Al A4 Al Ax WAg
VDUPL 372 F7k7h Uebdek(Fig. 2B). X4 <&
A 3 1Al A3 Fue] AHAEIA VDUPL
FAATE AAB Frhekel o (Fig. 2F, ), A7, A
23k 7 Aol Aois] AFMIAAL VDUPL
A7} Z7Vslg o (Fig. 2B, G, H), 464 €
2ol AAAEAAE VDUPL SARAT Z7hslgdet
(Fig. 2B, H). A E£4%F 14419 482 7919
WAl o] A3l (anterior fasciculus), =4l-8-%l(lateral
fasciculus) B FAl3-%k(posterior fasciculus)oll U+ 3]
ZE7)otZAEN A VDUPL A7 Z7bskgdch
(Fig. 2D, G, D). A4 H42] FA3 ¥ ebal A Lol 4
£ VDUPI §4A7F wrals A SRbA, M4 4
1Al AR A Fel gt ¥4

Fig. 3. Vitamin D3 up-regulated protein 1 (VDUP1) gene expression in the gray column of spinal cord
after spinal cord injury (SCI), cross sectional view, x 100 (PG; posterior gray column, PF; posterior
fasciculus, LF; lateral fasciculus). (A) The posterior gray column of normal control rats. There were no
cells express VDUP1 gene. (B) The posterior gray column 1 day after SCI. The cells in the lamina
I, II, and III (arrow) express VDUP1 gene. (C) The posterior gray column 3 days after SCI. The cells
in the lamina I, II, and III (arrow) express VDUPI gene. (D) The posterior gray column 7 days after
SCI. The cells in the lamina I, II, and III (arrow) express VDUPI gene.
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Fig. 4. Vitamin D3 up-regulated protein 1 (VDUP1) gene expression in the thalamus after spinal cord
injury (SCI), coronal sectional view, x 100. (A) The thalamus of normal control rats. There were no
cells express VDUP1 gene. (B) The thalamus 1 day after SCI. VDUP1 gene is expressed weakly in
many cells in the thalamus. (C) The thalamus 3 days after SCI. VDUPI1 gene is expressed moderately
in many cells in the thalamus. (D) The thalamus 7 days after SCI. VDUP1 gene is expressed minimally

in cells in the thalamus.
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Fig. 5. Vitamin D3 up-regulated protein 1 (VDUP1) gene expression in parietal lobe of the cerebral cortex after spinal
cord injury (SCI), coronal sectional view. (A) The parietal lobe of normal control rats, x 100. There are no VDUP1 gene

positive cells in the parietal cortex. (B) The parietal lobe

1 day after SCI, x 100. Many cells in the inner layer of

the parietal cortex express VDUP1 gene. (C) The parietal lobe 3 days after SCI, x 100. A lot of cells in all layer
of the parietal cortex express VDUP1 gene. (D) The parietal lobe 7 days after SCI, x 100. Many cells in all layer
of the parietal cortex express VDUP1 gene, however, the number of VDUP1 gene positive cells is less than that on
3 days after SCI. (E) The brain 3 days after SCI, x 40. The shape of the hippocampus (DG; dentate gyrus) represent
that cerebral cortex is parietal lobe (PL) consist of somatosensory cortex.
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Spinal cord Brain

Fig. 6. Vitamin D3 up-regulated protein 1 gene expression
in the spinal cord and brain (C, spinal cord of normal
control rats; 1d, 1 day after spinal cord injury (SCI); 3d,
3 days after SCI; 7d, 7 days after SCI.
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