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FIGURE 2. Effectof SP600125 on the histological cellular
rejection of cardiac allografts. Rejection scores were deter-
mined according to the ISHLT histological grades of cellu-
lar rejection, and ranged from 0 (no rejection) to 4 (severe
acute rejection) in untreated (Allo) and SP600125-treated
allografts (40 mg/kg) (SP) at 3 days (&) or 5 days (B) after
cardiac transplantation (n=5 in each group at each time
point). Horizontal lines represent medians.

popliteal lymph node was observed when the ipsilateral hind
footpad was injected with isogeneic splenocytes. The weight
of the left popliteal lymph node was almost equivalent to that
of the right (weight ratio of the left to the right PLN: 1.1+0.1).
In contrast, the left PLN weight increased in vehicle-treated
rats 4 days after stimulation by allogeneic splenocytes (weight
ratio 3.4+0.6, P<0.0001 vs. isogeneic control). In rats treated
with SP600125, this enlargement was significantly inhibited
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Histological analysis of cardiac allografts with hematoxylin-eosin staining. (A) Untreated allograft at day 3
after transplantation. (B) Allograft treated daily with SP600125 (40 mg/kg) at day 3. (C) Untreated allograft at day 5. (D)
Allograft treated daily with SP600125 (40 mg/kg) at day 8. Note the marked mononuclear cell infiltration, interstitial hem-
orrhage, edema, and myocardial destruction in (C). These changes are significantly less in (D). Original magnification:
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FIGURE 3. Effect of SP600125 on the alloantigen-
induced popliteal lymph node (PLN) hyperplasia. To in-
duce local alloimmune reactions, BN or LEW splenocytes
(2.5% 10° cells) were injected subcutaneously into the left
hind footpads of LEW rats on day 0. The rats (n=5-6) were
subcutaneously treated with vehicle or SP600125 (10-30
mg/kg) from day 0 to day 3. On day 4, bilateral PLNs were
weighed. An increase in the left PLN weight was expressed
as the left PLN weight/the right PLN weight. Each column
represents mean+SE.

in a dose-dependent manner (weight ratio: 2.1+0.3 for 10
mg/kg, 1.4+0.2 for 20 mg/kg and 1.3*0.1 for 30 mg/kg;
P=0.0037, P<0.0001, and P<0.0001 vs. vehicle control, re-
spectively). Observations from the PLN model could result
from the anti-lymphoproliferative effects of SP600125.
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FIGURE 4. Effect of SP600125 on lymphocyte proliferation. Primary mesenteric lymphocytes (2.5X 10° cells) from LEW
rats were stimulated with irradiated BN splenocytes (2.5 10° cells; A), Con A (1 ug/mL; B), or LPS (25 pg/mL; C) for 24-72
h in the presence of vehicle or increasing concentrations of SP600125. OX52-positive mesenteric T-lymphocytes (1X 108
cells, 97.1% CD3-positive) were unstimulated or stimulated with PMA (5 ng/mL) plus ionomycin (375 ng/mL) for 48 hin the
presence of vehicle or SP600125 (D). Cell proliferation was determined by *H-TdR incorporation and quantified as cpm. The
assays were performed in triplicates and data were expressed as mean+SE. MLR of isogeneic control was 4711+298 cpm
(A). A value of unstimulated control was 2265+171 (B, C) and 180+ 18 cpm (D). Calculated IC,: 2 uM (&), 1.5 uM (B), >5 uM

(C), 5.7 uM (D). Data shown are representative of three independent experiments with similar results.

SP600125 Inhibits MLR and Mitogen-Induced
T-lymphocyte Proliferation

Evidence of inhibition of the alloantigen-induced PLN
enlargement by SP600125 in vivo led us to examine whether
this compound could inhibit alloantigen-induced lympho-
cyte proliferation in MLR (Fig. 4A). When LEW mesenteric
lymphocytes were incubated for 72 hr in the presence of irra-
diated BN splenocytes, robust-cell proliferation was detected
using *H-TdR incorporation. As expected, addition of
SP600125 to the cell culture at concentrations ranging from
0.05 to 5 uM caused concentration-dependent inhibition of
lymphocyte proliferation with a calculated ICs, of 2 uM.
When the lymphocytes were stimulated with T-cell mitogen
Con A for 48 hr, SP600125 also effectively suppressed “H-
TdR uptake in a similar fashion (calculated IC54: 1.5 uM; Fig.
4B). In addition, we confirmed the antiproliferative effects of
SP600125 in simultaneously performed experiments using
the tetrazolium-based metabolical cell proliferation assay
(data not shown). In contrast, SP100625 up to 5 uM failed to
inhibit the lymphocyte proliferation induced by B-cell mito-
gen LPS (Fig. 4C). One might concern that the mesenteric
lymph node included non-T-cell populations. Therefore
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0X52-positive lymphocytes were stimulated by PMA plus
ionomycin to demonstrate a direct inhibitory effect of
SP600125 on the T-cell proliferation. SP600125 still sup-
pressed the induced cell proliferation (Fig. 4D).

SP600125 and CsA Additively Prolong Cardiac
Allograft Survival

CsA is a widely used immunosuppressant in clinical
transplantation and similarly acts downstream of T-cell re-
ceptor ligation. BN cardiac allografts were transplanted into
LEW recipients to evaluate the pharmacological relationship
between SP600125 and CsA (Table 2). The percentage of vi-
able grafts within each treatment group on day 11 was used as
the study endpoint. The minimum doses required for 100%
graft survival were 0.5 mg/kg for CsA and 20 mg/kg for
SP600125, respectively (Tables 1 and 2). When CsA at 0.25
mg/kg was used in combination with SP600125 at 10 mg/kg,
this combination was equi-effective and yielded 100% graft
survival, indicating additivism between the two drugs (0.25/
0.54+10/20 =1) according to the algebraic method described
by Berenbaum (18). Furthermore, the similar pharmacolog-
ical interaction was observed when CsA at 0.5 mg/kg was
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TABLE 2. Interaction of SP600125 with CsA on rat cardiac allograft survival

Treatment n Graft survival (days) Median Pvalue
CsA 0.25 mg/kg 5 9,9, 10, 10, 10 10 —_
CsA 0.5 mg/kg 5 13,13, 13, 14, 14 13 0.0031%
CsA 0.25 mg/kg+SP600125 10 mg/kg 5 12,12,12,13, 14 12 0.0031%
CsA 0.5 mg/kg+SP600125 20 mg/kg 5 18, 19, 23, 24, >30° 23 0.0023¢

®The allograft was sacrificed at the time points described. Graft survivals were compared using the log-rank test.

& Versus CsA 0.25 mg/kg.
¢ Versus CsA 0.5 mg/kg.

administered with SP600125 at 20 mg/kg as a higher dose-
combination. This combination approximately doubled
median allograft survival of each drug alone, and quite com-
parable to the treatment of SP600125 40 mg/kg (Table 1) in
prolongation of allograft survival.

DISCUSSION

Here we confirmed the suppression of in vivo alloim-
mune responses by a specific inhibitor of JNK, SP600125. In
the rat heart transplantation model, we observed that admin-
istration of SP600125 to LEW recipients significantly reduced
infiltration of mononuclear cells into cardiac allografts from
BN donors and preserved their histological structure, even-
tually resulting in significant prolongation of allograft sur-
vival without apparent adverse effects. Since we (19) and
other investigators (1, 2) previously found that the majority
of infiltrating cells in acute allograft rejection are CD4 and
CD8 positive T-lymphocytes, and macrophages, it was rea-
sonable to assume that the functions of these cells might be
affected by SP600125. Therefore we first addressed in vivo
antilymphoproliferative effects of SP600125 using the
alloantigen-stimulated PLN hyperplasia assay, which is
considered an in vivo model of MLR. MLR is routinely used
to detect alloantigen-activated T-cell proliferation in vitro. In
agreement with MLR, the induced PLN weight gain is known
to be alloantigen-specific and reflects lymphocyte prolifera-
tion as evidenced by strong association of the PLN weight
gain with in vivo [*H]thymidine incorporation by the popli-
teal lymphocytes (17). Thus, our data demonstrating signifi-
cant inhibition of the alloantigen-specific PLN hyperplasia by
SP600125 could indicate its in vivo inhibitory effect on the
T-cell proliferation. However, this inhibition may result from
impairment of lymphocyte differentiation and recruitment
rather than proliferation because the existing literature sup-
ports an effect of SP600125 on T-cell differentiation rather
than activation as described in the Introduction. We and
other investigators have shown that CsA and other immuno-
suppressive molecules inhibiting MLR also suppress the
induced PLN hyperplasia with similar potency against the
acute allograft rejection (17, 20). Like CsA, SP600125 dose-
dependent activity in this assay correlated with its immuno-
suppressive activity to inhibit the cardiac allograft rejection.

Similarly to the case in the PLN hyperplasia assay, we
confirmed the anti-lymphoproliferative effect of SP600125 in
MLR. Since SP600125 did not affected the lymphocyte pro-
liferation induced by B-cell-mitogen LPS, but inhibited T-
cell-mitogen Con A-induced lymphocyte proliferation in a
concentration-dependent manner, these observations indicate
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that the activity of SP600125 is not from general cytotoxicity, and
is directed selectively to T-lymphocytes in this pathology. In fact,
we further demonstrated that T-lymphocytes positively sepa-
rated from mesenteric lymph node cells were still susceptible to
the anti-proliferation by SP6000125. The ICs, values observed in
these assays are consistent with reported values to suppress c-Jun
phosphorylation and IL-2 expression in Jurkat T-cells, and hu-
man Thl and Th2 cells (12). Furthermore, SP600125 was re-
ported to inhibit CD25 (« chain of IL-2 receptor) expression
in human CD4 positive T-cells cultured with anti-CD3 and
anti-CD28 monoclonal antibodies under Th1 polarizing con-
ditions (12). Similarly, inhibition of IL-2 production, CD25
expression and cell proliferation by SP600125 has been re-
ported in CD3/CD28-activated CD8 positive T-cells (9).
Thus, it is plausible that SP600125 inhibits both production
of IL-2 and its receptor-mediated signals to suppress T-cell
proliferation. However, it is interesting to note that CD4 pos-
itive T-cells deficient in both JNK1 and JNK2 were reported
to produce more IL-2 and proliferate better than wild-type
cells in vitro, and developed pronounced Th2 cytokine re-
sponses under Thl polarizing conditions (11), thus indicat-
ing a defect in Th1 differentiation as in the JNKI1 or JNK2
knockout mice (7, 8). On the other hand, another group re-
ported IL-2 and proliferation defects in mixed populations of
CD4 and CD8 positive T-cells from mice lacking JNK1 or
JNK2 and restoration of the proliferation by exogenous IL-2
(5, 6). Further investigations are required to clarify additional
mechanisms of action of SP600125. Nevertheless, taken to-
gether, our study demonstrates that genetically unmodified
animals are susceptible in vivo to suppression of alloimmune
responses by SP600125, and supports important roles for
JNK in T-cell activation and proliferation in physiological
condition.

The phosphatase, calcineurin regulates NF-AT activation
may also contribute to JNK activation after T-cell stimulation
(21), and this signaling pathway is sensitive to inhibition by a
calcineurin inhibitor CsA (22). In this context, our observa-
tions showing the additive relation between SP600125 and
CsA are completely consistent with mechanism. This interac-
tion may be advantageous if SP600125 is adjunctively utilized
with CsA to control the immune response. In addition,
SP600125 is reported to suppress interleukin IL-6-induced
production of vascular endothelial growth factor (VEGF) in
cultured fibroblasts more potently than CsA. Thus this might
represent a beneficial feature of this compound over CsA in the
transplant setting since angiogeesis isa common complication of
organ-transplant rejection and one of the primary responsible
molecules for enhanced angiogenesis is VEGF (23).
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SP600125 also inhibits JNK3, which is primarily local-
ized to neuronal tissues and cardiomyocytes (12). Although
we did not evaluate it closely in the current study, no neuro-
logical and hemodynamic impairment was observed in rats
treated with SP600125 through all the study period. Apart
from the main issue of immunosuppression by SP600125 in
our study, SP600125 is consistently reported to be neuropro-
tective against brain ischemia/reperfusion (I/R) injury with
reduction of neuronal apoptosis (24—27). However, the pro-
tective effect of SP600125 against /R injury is not consistent
in the cardiomyocyte or the heart (28-30). Similarly,
SP600125 promotes apoptosis, fibrosis, left ventricular dila-
tation and dysfunction in the dilated cardiomyopthy hamster
model (31), whereas this compound does inhibit not only
B-adrenergic receptor-stimulated apoptosis in cardiomyo-
cytes (32) but also angiotensin Il-induced apoptosis in car-
diomyoblasts (33). Further studies are required to elucidate
the complete contribution of SP600125 to cardioprotection.

In conclusion, we have shown for the first time that a spe-
cific inhibitor of JNK, SP600125 suppressed T-cell proliferation,
alloantigen-induced immune responses and prolongs allograft
survival in rat models. We have also demonstrated that the phar-
macological relationship between SP600125 and CsA is additive.
Our data support the potential of JNK as a novel therapeutic
target to control undesired T-cell-mediated immune responses
in the patient of transplant rejection or autoimmune disease.

REFERENCES

1. Azuma H, Paul LC, Tilney NL. Insights into acute and chronic rejec-
tion. Transplant Proc 1996; 28: 2081.

2. Pattison JM, Krensky AM. New insights into mechanisms of allograft
rejection. Am J Med Sci 1997; 313: 257.

3. Dong C, Davis R], Flavell RA. Signaling by the JNK group of MAP
kinases. J Clin Immunol 2001; 21: 253.

4. Su B, Jacinto E, Hibi M, et al. JNK is involved in signal integration
during costimulation of T-lymphocytes. Cell 1994; 77: 727.

5. Sabapathy K, Hu Y, Kallunki T, et al. JNK2 is required for efficient
T-cell activation and apoptosis but not for normal lymphocyte devel-
opment. Curr Biol 1999; 9: 116.

6. Sabapathy K, Kallunki T, David JP, et al. c-Jun NH2-terminal kinase
(JNK) ! and JNK2 have similar and stage-dependent roles in regulating
T-cell apoptosis and proliferation. J Exp Med 2001; 193: 317.

7. DongC, Yang DD, Wysk M, et al, Defective T-cell differentiation in the
absence of Jnk1. Science 1998; 282: 2092.

8. Yang DD, Conze D, Whitmarsh AJ, et al. Differentiation of CD4+
T-cells to Th1 cells requires MAP kinase JNK2. Immunity 1998; 9: 575.

9. Conze D, Krahl T, Kennedy N, et al. c-Jun NH(2)-terminal kinase
(JNK)1and JNK2 have distinct roles in CD8(+) T-cell activation. J Exp
Med 2002; 195; 811.

10. Arbour N, Naniche D, Homann D, et al. c-Jun NH(2)-terminal kinase
{JNK)1 and JNK2 signaling pathways have divergent roles in CD8(+)
‘T-cell-mediated antiviral immunity. J Exp Med 2002; 195: 801.

11. DongC, Yang DD, Tournier C, et al. INK is required for effector T-cell
function but not for T-cell activation. Nature 2000; 405: 91.

12.  Bennett BL, Sasaki DT, Murray BW, et al. SP600125, an anthrapyra-
zolone inhibitor of Jun N-terminal kinase. Proc Natl Acad Sci US A
2001; 98: 13681.

13, HanZ, Boyle DL, ChangL, etal. c-Jun N-terminal kinase is required for
metalloproteinase expression and joint destruction in inflammatory
arthritis. J Clin Invest 2001; 108: 73.

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32

33.

— 180 —

Transplantation + Volume 83, Number 10, May 27, 2007

Ono K, Lindsey ES. Improved technique of heart transplantation in
rats. J Thorac Cardiovasc Surg 1969; 57: 225.

Babuty D, Machet MC, Neville P, et al. Analysis of the distribution of
histologic myocardial lesions during acute cardiac rejection. Experi-
mental study in rodents. Eur J Cardiothorac Surg 2000; 17: 592.
Billingham ME, Cary NR, Hammond ME, et al. A working formulation
for the standardization of nomenclature in the diagnosis of heart and
lung rejection: Heart Rejection Study Group. The International Society
for Heart Transplantation.  Heart Transplant 1990; 9: 587.

Yuh DD, Morris RE. The immunopharmacology of immunosuppres-
sion by 15-deoxyspergualin. Transplantation 1993; 55: 578.
Berenbaum MC. Synergy, additivism and antagonism in immunosup-
pression. A critical review. Clin Exp Immunol 1977; 28: 1.

Morikawa M, Tamatani T, Miyasaka M, Uede T. Cardiac allografts in
rat recipients with simultaneous use of anti-ICAM-1 and anti-LFA-1
monoclonal antibodies leads to accelerated graft loss. Immunopharma-
cology 1994; 28: 171.

Morikawa M, Shorthouse RA, Suto MJ, et al. A novel inhibitor of nu-
clear factor-kappa B and activator protein-1 transcription factors in
T-cells suppresses host-versus-graft alloreactivity in vivo. Transplant
Proc 1997; 29: 1269.

Werlen G, Jacinto E, Xia Y, Karin M. Calcineurin preferentially
synergizes with PKC-theta to activate JNK and IL-2 promoter in
T-lymphocytes. Embo J 1998; 17: 3101.

Matsuda S, Moriguchi T, Koyasu S, Nishida E. T-lymphocyte activa-
tion signals for interleukin-2 production involve activation of MKK6-
p38 and MKK7-SAPK/INK signaling pathways sensitive to cyclosporin
A. ] Biol Chem 1998; 273: 12378.

Naruishi K, Nishimura F, Yamada-Naruishi H, et al. C-jun N-terminal
kinase (JNK) inhibitor, SP600125, blocks interleukin (IL)-6-induced
vascular endothelial growth factor (VEGF) production: Cyclosporine
A partially mimics this inhibitory effect. Transplantation 2003; 76:
1380.

Guan QH, Pei DS, Xu TL, Zhang GY. Brain ischemia/reperfusion-
induced expression of DP5 and its interaction with Bcl-2, thus freeing
Bax from Bcl-2/Bax dimmers are mediated by c-Jun N-terminal kinase
{JNK) pathway. Neurosci Lett 2006; 393: 226.

Guan QH, Pei DS, Liu XM, et al. Neuroprotection against ischemic
brain injury by SP600125 via suppressing the extrinsic and intrinsic
pathways of apoptosis. Brair Res 2006; 1092: 36.

Guan QH, Pei DS, Zhang QG, et al. The neuroprotective action of
$P600125, a new inhibitor of JNK, on transient brain ischemia/
reperfusion-induced neuronal death in rat hippocampal CAl via
nuclear and non-nuclear pathways. Brain Res 2005; 1035: 51.

Gao Y, Signore AP, Yin W, et al. Neuroprotection against focal isch-
emic brain injury by inhibition of c-Jun N-terminal kinase and atten-
uation of the mitochondrial apoptosis-signaling pathway. J Cereb Blood
Flow Metab 2005; 25: 694.

LiuX, XuF, Fu Y, et al. Calreticulin induces delayed cardioprotection
through mitogen-activated protein kinases. Proteomics 2006; 6: 3792.
Das §, Otani H, Maulik N, Das DK. Redox regulation of angiotensin I1
preconditioning of the myocardium requires MAP kinase signaling.
] Mol Cell Cardiol 2006; 41: 248.

Engelbrecht AM, Niesler C, Page C, Lochner A. p38 and JNK have
distinct regulatory functions on the development of apoptosis during
simulated ischaemia and reperfusion in neonatal cardiomyocytes, Basic
Res Cardiol 2004; 99: 338.

Kyoi §, Otani H, Matsuhisa S, et al. Opposing effect of p38 MAP kinase
and JNK inhibitors on the development of heart failure in the cardio-
myopathic hamster. Cardiovasc Res 2006; 69: 888.

Remondino A, Kwon SH, Communal C, et al. Beta-adrenergic receptor-
stimulated apoptosis in cardiac myocytes is mediated by reactive oxygen
species/c-Jun NH2-terminal kinase-dependent activation of the mito-
chondrial pathway. Circ Res 2003; 92: 136.

Lee SD, Chu CH, Huang EJ, et al. Roles of insulin-like growth factor II
in cardiomyoblast apoptosis and in hypertensive rat heart with abdom-
inal aorta ligation. Am J Physiol Endocrinol Metab 2006; 291: E306.



SHOCK, Vvol. 28, No. 1, pp. 94-100, 2007

PROTECTIVE MECHANISM OF 8-SQAGS9 LIPOSOME, A
SULFONOGLYCOLIPID EXTRACTED FROM SEA URCHIN INTESTINES,
AGAINST HEPATIC ISCHEMIA REPERFUSION INJURY

Hiroaki Shima,* Tetsuhiro Tsuruma,* Hiroekl Sahara,’ Mika Takenouchi,*
Nobuaki Takahashi,! Yuji iwayama,* Atsuhito Yagihashi,’ Naoki Watanabe,$
Noriyuki Sato,* and Koichi Hirata*

*Department of Surgery, Sapporo Medical University School of Medicine, Chuo-ku, Sapporo;
Marine Biomedical Institute, Sapporo Medical University School of Medicine, Rishirifuji;
¥ Departments of Pathology and SClinical Laboratory Medicine, Sapporo Medical University
School of Medicine, Chuo-ku, Sapporo, Hokkaido, Japan

Received 19 Jul 2006; first review completed 24 Aug 2006; accepted in final form 3 Nov 2006

ABSTRACT—We previously reported that 8-SQAG9 liposoms, a sulfonoglycolipid extracted from sea urchin intestines,
had a protective effect against hepatic ischemia reperfusion (I/R} injury. In this study, we made a detailed investigation of
this protective effect and its mechanism. Rats were pretreated either with §-SQAG9 liposome (treated group) or with
phosphate-buffered saline solution (control group). Thereafter, they were subjected to partial hepatic I/R. The serum levels
of aspartate aminotransferase, alanine aminotransferase, and lactate dehydrogenase were measured, and histological
damage was evaluated with hematoxylin and eosin staining. To investigate the protective mechanism of 8-SQAG9
liposome on I/R injury, the serum levels and the tissue messenger RNA levels of TNF-a and (L-18 were measured, and
polymorphonuciear neutrophil (PMN) infiltration was histologically evaluated by immunohistochemistry. Moreover, to
investigate an interaction between B-SQAG9Y liposome and L-selectin on PMNs, flow cytometric analysis and
immunofluorescence were performed. 8-SQAGY liposome reduced the hepatic I/R injury. The pretreatment with 8-SQAG9
liposome reduced the PMN infiltration into the liver parenchyma. On the other hand, there was no apparent difference in
the serum levels and the tissue messenger RNA levels of the proinflammatory cytokines between the two groups. Thus,
B-SQAGS liposome might reduce the hepatic /R injury by inhibition of the PMN infiltration into the liver parenchyma, which
was independent of the regulation of cytokine production. Moreover, we demonstrated that 8-SQAG9 liposome specifically
bound to L-selectin on PMN cell surface, which mediated the PMN infiltration. 5-SQAG9 liposome might competitively
antagonize L-selectin on PMNs and suppress the subsequent PMN infiltration, resulting in the reduction in I/R injury.

KEYWORDS—Polymorphonuclear neutrophil, L-selectin, tumor necrosis factor e, interleukin 18, liposome

INTRODUCTION

Hepatic warm ischemia reperfusion (I/R) injury remains a
problem in various situations, including liver transplantation,
hepatic resection, trauma, and hypotensive or hemorrhagic
shock during and after recovery (1-3). Bleeding and sub-
sequent blood transfusions remain the main cause of mortality
and morbidity in liver resection (4). To minimize blood loss
while dividing the liver parenchyma, interruption of hepatic
blood inflow was a common procedure during liver surgery
(5, 6). However, the period of hepatic ischemia associated
with this technique and the resultant reperfusion can lead to
liver injury and dysfunction. Thus, hepatic I/R injury has been
actively investigated, and recently, protective strategies con-
sisting of surgical interventions, pharmacological agents, and
gene therapy have been reported (S, 7).

We previously reported that sulfonoglycolipids extracted
from sea urchin intestines possessed immunosuppressive effects
such as inhibition of human and rat MLR and delay of rat skin
allograft rejection (8-10). Moreover, we reported that 1,2-
di-O-acyl-3-O-(-p-sulfoquinovosyl)-glyceride with two stearic
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acids (B-SQAGY) formed a liposome structure, improved to
gain structural stability in the solution of original sulfonogly-
colipids, which might bind to L-selectin (CD62L) molecules on
lymphocyte in vitro (8-10). L-Selectin is known as one of the
selectin family constituting adhesion molecules, and it medi-
ates adhesion of polymorphonuclear neutrophils (PMNs) to
endothelial cells. Infiltration of PMN contributes to the
development of hepatic I/R injury (11,12). This PMN
infiltration is a multistep process, which involves rolling, firm
adhesion, emigration of PMNs, and subsequent parenchymal
cell damage in the microvasculature in hepatic I/R injury
(13-15). Selectins play critical roles in the initial capture and
support the rolling of PMNs on sinusoidal endothelium (15).
Thus, selectins are one of the key mediators of I/R injury in
several splanchnic organs, including the liver (11, 16). There-
fore, we have focused on the relation between B-SQAGO
liposome and L-selectin and previously reported a preliminary
investigation about the protective effect of f-SQAG9 liposome
against hepatic I/R injury (17). This time, we made a detailed
investigation of this protective effect and its mechanism.

MATERIALS AND METHODS
Animal protocols and hepatic /R procedure

This study was performed in accordance with the guidelines for animal
experimentation of Sapporo Medical University. Male LEW rats weighing 200 to

Copyright © 2007 by the Shock Society. Unauthorized reproduction of this article is prohibited.
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300 g were purchased from Sankyo Labo Service (Sapporo, Japan) and were
housed under specific pathogen-free conditions, maintained at a constant temper-
ature with a 12-h light-dark cycle. The rats were fasted for 12 h before operation
but were allowed to drink water ad libitum. They were anesthetized by the
inhalation of diethyl ether (Sigma-Aldrich Co, St Louis, Mo) and intraperitoneal
injection of 40 mg/kg sodium pentobarbital (Dainippon Pharma Co, Ltd, Osaka,
Japan). All procedures were performed with the animals breathing spontaneously.
After anesthetization, the liver was exposed by a midline incision. Left and median
liver lobe ischemia (70% of liver mass) was induced by clamping the
cormresponding hepatic artery, portal vein, and bile duct with a microvascular
clamp (Mera Co, Tokyo, Japan). This method of partial hepatic ischemia allows for
portal decompression through the right and caudate lobes to prevent mesenteric
venous congestion. After 30 min of ischemia, the ischemic liver was reperfused by
removal of the microvascular clamp. Afterward, the abdominal wall was closed in
standard fashion with 4-0 Ethilon (Johnson and Johnson Medical Pty, Ltd, Tokyo,
Japan), and the animals were returned to their cages. When the rats were killed,
they were newly anesthetized by the inhalation of diethyl either.

Animals were divided into 3 groups: the control group that was injected with
phosphate-buffered saline solution (PBS; Dako Co, Carpinteria, Calif) and the
groups treated with B-SQAGY liposome at doses of 5 or 10 mg/kg. They were
injected in the penile vein immediately before reperfusion. Rats were killed before
the moment of ischemia and 1, 3, 6, 12, and 24 h after I/R. Afterward, hepatic
tissues and blood samples were obtained.

Drug preparation
The 1,2-di-O-acyl-3-O-(-p-sulfoquinovosyl)-glyceride with two stearic acids
(B-SQAGY) was synthesized as described in our previous report (8-10, 17).

Biochemical measurements

To measure the serum concentrations of markers of hepatic injury—aspartate
aminotransferase (AST), alanine aminotransferase (ALT), and lactate dehydrogen-
ase (LDH)—peripheral blood samples were taken from the penile vein immedi-
ately before ischemia and 1, 3, 6, 12, and 24 h after reperfusion. The blood samples
were then centrifuged at 3000 rpm for 15 min at 4°C, and the serum supernatant
was obtained for biochemical analyses.

Histological assessment

After drip infusion into the portal vein and washing of the vessels in the liver
with cold isotonic lactated Ringer’s solution (Otsuka Pharma Co, Ltd, Tokyo,
Japan), hepatic tissues were obtained from the left lobe of the liver, which had been
subjected to ischemia. Thereafter, they were fixed in 10% formalin neutral buffer
solution (Wako Pure Chemical Industries, Ltd, Osaka, Japan) and then embedded
in paraffin. These sections were stained with hematoxylin and eosin (H&E) for
light microscopic study.

Immunohistochemical staining

The ischemic hepatic tissues obtained from the left lobe of liver were cut into
small pieces, covered with Tissue-Tek OCT Compound (Sakura Finetek, Torrance,
Calif), and immediately snap frozen in liquid nitrogen. These sections were used in
the immunohistochemical staining in the following manner. The hepatic tissue
sections were incubated with Dako peroxidase blocking reagent, which suppresses
nonspecific staining due to endogenous peroxidase and pseudoperoxidase activity.
The sections were incubated with 10% goat serum for 10 min at room temperature.
A mouse antirat HIS48 monoclonal antibody (mAb; diluted 1:500; Fujisawa
Pharma Co, Ltd, Japan), which specifically recognizes rat granulocytes including
PMNs (18-20), was applied in PBS (pH 7.4) containing 1% bovine serum albumin
(Sigma Chemical Co, St Louis, Mo) for 90 min at room temperature. Dako LSAB2
System HRP (Dako Co), a refined avidin-biotin technique in which a biotylated
secondary antibody reacts with several peroxidase-conjugated streptavidin mole-
cules, was used followed by Dako AEC Substrate Chromogen (Dako Co) for the
visualization of immunoreactive cells. Finally, nuclear counterstaining was
performed with hematoxylin for 60 s at room temperature. Sections stained with
HIS48 were used to investigate the degree of infiltrating PMNs. The PMNs were
identified by the morphology, and the numbers of PMNs in each sample were
counted in 40 high-power fields (HPF; original magnification x400) of a light
microscope.

Enzyme-linked immunosorbent assay

Serum tumor necrosis factor @ (TNF-a) and interleukin 18 (IL-18) in peripheral
blood were assayed by commercial enzyme-linked immunosorbent assay (ELISA)
kits (BioSource International, Inc, Camarillo, Calif) according to the manufactur-
er’s instruction. Each cytokine level was calculated from a standard curve
generated from recombinant rat TNF-a or IL-18.
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TagMan real-time polymerase chain reaction detection

For detection of proinflammatory cytokine expression, total RNA was extracted
from 30 mg of hepatic tissue by RNeasy Mini Kit (Qiagen, Tokyo, Japan). First-
strand complementary DNA was generated using SuperScript II Reverse Tran-
scriptase (Invitrogen Life Technologies, Carlsbad, Calif) and then analyzed by
TaqMan Expression assays with probe and primer sets TNF-a and IL-18 purchased
from Applied Biosystems Japan, Ltd (Tokyo, Japan). The TaqMan probes contain
6-FAM reporter dyes linked to the 5 end of the probe and a nonfluorescent
quencher at the 3 end of the probe. Simultaneously, housekeeping rodent
glyceraldehyde-3-phosphate dehydrogenase control reagents were purchased from
Applied Biosystems Japan, Ltd. The TaqgMan probe carries a 5 VIC reporter dye
and a 3 TAMRA quencher dye. TagMan real-time polymerase chain reaction
(PCR) assays were performed on triplicate complementary DNA samples in 96-
well optical plates using an ABI PRISM 7000 Sequence Detection system (Applied
Biosystems Japan, Ltd). Expression values for proinflammatory cytokines were
compared with the expression in hepatic tissue of healthy rats. Relative
quantification was carried out using the comparative cycle threshold method as
described by the manufacturer.

Isolation of HIS48-positive PMNs using density gradient
centrifugation and magnetic cell sorting

Peripheral blood of healthy control rats was obtained and suspended in PBS
containing 2000 U of heparin (Novo heparin; Aventis Pharma, Ltd, Tokyo,
Japan). The blood suspension was overlaid onto Lymphosepar II (Ficoll-Conray
solution; specific gravity, 1.090 + 0.001; IBL Co, Ltd, Tokyo, Japan (21)) and
centrifuged at 3500 rpm at room temperature for 30 min. Subsequently, the
lymphocyte fraction was collected and incubated with mouse antirat HIS48 mAb
(1:100) at 4°C for 15 min, Afterward, this fraction was incubated with rat
antimouse immunoglobulin M microbeads (1:10; Miltenyi Biotec, Inc, Auburn,
Calif) at 4°C for 15 min. The magnetically labeled cell suspension was run through
LS separation columns (Miltenyi Biotec, Inc). The HIS48-positive cell fraction
collected was more than 98% pure as judged by flow cytometric analysis. The
PMNs obtained by gradient centrifugation using Lymphosepar II were also used in
the subsequent immunofluorescence.

Flow cytometric analysis

For flow cytometric analysis of peripheral blood PMN populations, the HIS48-
positive cell fraction was incubated with PBS or anti-CD62L mAb or anti—f-actin
mADb at 4°C for 1 h. Subsequently, calcein-SQAG, whose liposomes are composed
of B-SQAGY, was internally capsuled with fluorescent calcein (9), pulsed to
HIS48-positive cells, and incubated at 4°C for 1 h. The cells were then fixed with
1% formaldehyde in PBS. Flow cytometric analysis was performed using a
FACSCalibur, and the data were analyzed using CELL Quest software (Becton
Dickinson, Co, Ltd, Franklin Lakes, NJ).

Immunofiluorescence in HIS48-positive cells

As with flow cytometric analysis, the lymphocyte fraction was incubated with
mouse anti-HIS48 mAb (1:200) and with Alexa Fluor 594 F(ab)2 fragment of goat
antimouse immunoglobulin G (H + L) diluted 1:200 at 4°C for 1 h, respectively.
Subsequently, this fraction was incubated with PBS or anti-CD62L mAb or anti—f-
actin mAb at 4°C for 1 h. Afterward, calcein-SQAG was pulsed to this fraction and
incubated at 4°C for 1 h. The cells were then fixed with 1% formaldehyde in PBS
and analyzed using a Radiance Confocal Scanning System (magnification x660).

Statistical analysis

All data were expressed as means * SD. Statistical analysis was performed with
the unpaired Student ¢ test or the Mann-Whitney test for comparison between 2
groups and by analysis of variance followed by the Scheffe F test among the 3
groups. A P value of less than 0.05 was considered significant.

RESULTS

B-SQAGS9 liposome reduces the level of serum
liver enzyme after I/R

To assess the damage to hepatic parenchyma after I/R, serum
levels of AST, ALT, and LDH were measured before or 1, 3, 6,
12, and 24 h after I/R (Fig. 1, A-C). The levels of these serum
liver enzymes were increased after I/R, peaked 3 h after I/R,
and thereafter decreased gradually to almost normal levels
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Fie. 1. Serum levels of AST (A), ALT (B), and LDH (C) were measured before and 1, 3, 6, 12, and 24 h after I/R. In the control group, the levels of these
serum liver enzymes peaked 3 h after I/R. In the group treated with f-SQAG9 liposome (5 or 10 mg/kg), the levels 3 h after I/R were decreased dose
dependently. Data were expressed as mean + SD (n = 6 for each group). *P < 0.05, TP < 0.01.

within 24 h in all groups. In the rats of the control group, the
peak levels of these serum liver enzymes 3 h after I/R were
1085.3 £ 154.1, 1217.5 + 360.3, and 3647.5 + 1717.2 IU/L,
respectively. In the groups treated with S-SQAG9 liposome (5
or 10 mg/kg), these levels 3 h after I/R were decreased dose
dependently. At a dose of 10 mg/kg, the levels 3 h after I/R
were reduced to 680.3 + 147.6, 621.3 £ 127.7, and 1753.3 £
181.0 IU/L, respectively. These levels at a dose of 10 mg/kg
were significantly reduced in comparison with those in the
control group at 3 or 6 h after I/R (P < 0.05). It was thus
suggested that f-SQAG9 liposome might possess a protective
effect against hepatic I/R injury. Moreover, the optimal dose
of B-SQAG9 liposome might be 10 mg/kg. Therefore, in the
subsequent assays described below, only the group with the
10-mg/kg dose and the control group were used.

B-SQAG9 liposome has no adverse effect
at a dose of 10 mg/kg

To assess the adverse effect of f-SQAGY liposome, serum
levels of AST, ALT, and LDH were measured before and 1, 3,
6, 12, and 24 h after the injection with B-SQAG9 (10 mg/kg)
into the healthy rats (Fig. 2, A—C). There was no significant
difference in serum lévels of the liver enzymes before and
after the injection. In addition, all rats were alive without any
physical symptoms during this experiment. Thus, f-SQAG9
liposome had no adverse effect at a dose of 10 mg/kg.

B-SQAGY liposome has a protective effect on hepatic
histological injury and a suppressive effect on
PMN infiltration after VR

The H&E staining of liver sections was observed before the
moment of ischemia (Fig. 3A) and 1, 3, 6, and 24 h after I/R

in the control group and the group treated with B-SQAG9
liposome at a dose of 10 mg/kg. The severest histological
change was observed 3 h after I/R (Fig. 3, B and C),
characterized by focal hepatocyte necrosis and PMN accumu-
lation. This hepatocyte necrosis evidenced by nuclear degen-
eration and loss of distinct cellular borders was mainly
accompanied by PMN accumulation. The degree of hepato-
cyte necrosis and PMN infiltration was markedly reduced in
the group treated with B-SQAG9 liposome (Fig. 3C) in
comparison with that in the control group (Fig. 3B).

To evaluate PMN infiltration, immunohistochemical staining
for HIS48 molecule, a PMN marker, was estimated (the arrows
in Fig. 4, A-C indicate PMNSs), and the number of infiltrated
PMNs was counted (Fig. 4D). Infiltration of PMN into the
liver parenchyma was increased to a peak 3 h after I/R and
thereafter gradually decreased, as with the change of level in
serum liver enzymes and hepatic histological injury after I/R.
There were almost no PMNs before I/R (Fig. 4, A and D). The
peak number of PMNs 3 h after I/R in the treated group
(Fig. 4, C and D) was significantly reduced in comparison
with the control group (Fig. 4, B and D). The peak number
of PMNs 3 h after I/R was 136.5 + 18.2 cells per 40 HPF in
the control group. By contrast, the number had decreased
to 59.3 + 9.3 cells per 40 HPF in the group treated with
B-SQAGY liposome (P < 0.01 compared with the control
group; Fig. 4D).

B-SQAGSY liposome had little effect on the dynamic
state of proinflammatory cytokines

The serum concentrations of TNF-a and IL-18 were
measured by ELISA (Fig. 5, A and B). Additionally, these
proinflammatory cytokines’ messenger RNA (mRNA) levels
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Fia. 2. In the healthy rats, serum levels of AST (A), ALT (B), and LDH (C) were measured before and 1, 3, 6, 12, and 24 h after the administration of
B-SQAGY at a dose of 10 mg/kg. There was no significant change in these serum levels before and after the injection. Data were expressed as mean + SD

(n = 6 for each group).

Copyright © 2007 by the Shock Society. Unauthorized reproduction of this article is prohibited.

— 183 —



SHOCK Jury 2007

ProtecTive EFFects oF B-SQAG For Heratic /R 97

Fia. 3. The H&E staining of liver sections was observed before the moment of ischemia (A) and after VR (magnification x400). The PMN infiltration
and focal necrosis peaked 3 h after I/R in the control group (B) and in the group treated with 8-SQAGS liposome at a dose of 10 mg/kg (C). Hepatocyte necrosis
was mainly accompanied by PMN accumulation. The degree of hepatocyte necrosis and PMN infiltration was markedly more reduced in the treated group than

that in the control group.

in the hepatic tissues were also assayed by TaqMan real-time
PCR (Fig. 5, C and D). These data indicated similar time
courses between the control group and the treated group.
Thus, the administration of B-SQAGY9 liposome had little
affect on the dynamic state of proinflammatory cytokines.

P-SQAGSI liposome might specifically bind to CD62L
molecules on HIS48-positive cells

To assess the direct binding activity of f-SQAG9 liposome
to PMNs, calcein-SQAG, whose liposomes are composed of
B-SQAGY, was internally capsuled with fluorescent calcein
and pulsed to HIS48-positive cell fraction, which is compa-
rable with PMNs, obtained from healthy rat peripheral blood
(9). Subsequently, we estimated the number of HIS48-positive
cells that bound with calcein-SQAG using flow cytometric
analysis. The data indicated that calcein-SQAG bound to
PMNs (Fig. 6A). Secondly, on the grounds that B-SQAG9
liposome possesses a binding ability to L-selectin on T cell
(9), we investigated whether B-SQAGY9 liposome would
specifically bind to L-selectin on PMN by blocking assay
with anti-CD62L. mAb, which recognized L-selectin. The

calcein-SQAG binding to the HIS48-positive cell was
decreased by pretreatment with anti-CD62L mAb (Fig. 6B),
whereas little difference was observed by pretreatment with
anti—f-actin mAb, which was a control mAb (Fig. 6C).

Moreover, to further confirm these data by visualization,
the localization of B-SQAG?9 liposome and HIS48 molecule in
peripheral blood cells of healthy rats was observed using
immunofluorescence. The optical images obtained by con-
focal laser microscopy revealed green-stained calcein-SQAG
and phycoerythrin-red—stained HIS48 molecule. This immu-
nofluorescence disclosed calcein-SQAG to be localized on the
HIS48-positive cell surface and not in the cellular cytoplasm
(Fig. 6D). In addition, calcein-SQAG did not localize on
HIS48-positive cell pretreated with anti-CD62L mAb
(Fig. 6E) but did localize on HIS48-positive cells pretreated
with anti-f-actin mAb (Fig. 6F).

DISCUSSION

We previously reported that S-SQAG9 liposome, which
had improved solubility and stability in the solution of
original sulfonolipid extracted from sea urchin intestines,
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Fia. 4. Immunohistochemical staining for HIS48 molecule as a PMN marker was assessed (magnification x200). The arrows indicate PMNs. There
was almost no PMN before /R (A). The number of PMNs 3 h after I/R in the treated group (C) was significantly reduced in comparison with the control group (B).
The number of infiltrated PMNs was counted before the moment of ischemia and 1, 3, 6, and 24 h after /R in 40 HPF (x400) with a light microscope (D).
Infiltrated PMNs in the liver parenchyma were increased and peaked 3 h after I/R and thereafter gradually decreased. The peak number of PMNs in the treated
group was significantly reduced in comparison with that in the control group. Data are expressed as mean + SD (n = 6 for each group). tP<0.01.

Copyright © 2007 by the Shock Society. Unauthorized reproduction of this article is prohibited.

— 184 —



98 SHOCK vo.. 28, No. 1

=0~ the control group (PBS),n=6
£ «a~ the treated group
2@ <10 (B-5QAGS: 10 mg/kg), n = 6
3 <
2 2
= 120 =
z T 80
=
s 80 B
® h ]
i & 2w
: ]
0o = = = L]
pre 1 3 12 2 pre 1 3 6 12 2

6
time after VR (h) time after /R (h)

SHIMA ET AL.

o
=51 1)

TNF-a mRNA level in hepatic tissue (
~
S
-1 mRNA level in hepatic tssue (
o N &
_—

s 8 8

pre AL 3h 6h
time after I/R (h)

pre 1h 3h 6h
time after /R (h)

Fia. 5. The serum levels of TNF-a (A) and IL-18 (B) were measured by ELISA. The mean serum levels were increased to a peak level 6 h after I/R and
thereafter gradually decreased in both TNF-a and IL-18. There was almost no difference between the control group and the treated group. In addition, mMRNA
levels of TNF-a (C) and IL-13 (D) in the hepatic tissues were assayed by TaqMan real-time PCR. These mRNA levels indicated that there was almost no
difference between the control group and the treated group. Data are expressed as mean + SD (n = 6 for each group). *P < 0.05.

inhibited interaction between T cells and antigen-presenting
cells and subsequently suppressed immunological reactions.
Furthermore, f-SQAG?9 liposome also possesses immunosup-
pressive effects in human and rat allogenic mixed lymphocyte
reaction and prolongs skin allograft survival in rats (8-10).
Because B-SQAGY liposome has this anti-inflammatory
property that might be mediated by L-selectin on T cell (9),
we hypothesized that f-SQAGY9 liposome might possess
another anti-inflammatory effect. In this study, we inves-
tigated the protective effect and mechanism of B-SQAG9
liposome against rat hepatic I/R injury.

We used the rat experimental model of partial hepatic
ischemia for 30 min followed by reperfusion. Progressive
doses of B-SQAG9 liposome were given to rats to get an

indication of the optimal dose to protect against hepatic I/R
injury in this model. The protective effect by B-SQAGY
liposome was induced dose dependently at doses between 5
and 10 mg/kg. In addition, there was almost no change in
the serum level of liver enzymes after the injection with
B-SQAGY at a dose of 10 mg/kg in the healthy rats, and all
the rats were alive without any physical symptoms during
this experiment. Therefore, the optically protective and safer
dose of B-SQAGY liposome was revealed to be 10 mg/kg.
This drug safety was also reported in rat skin transplantation
8, 9).

The serum levels of AST, ALT, and LDH indicated an
increase after I/R, peaking 3 h after I/R for 30 min. The
severest histological damage was also observed 3 h after I/R,
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Fia. 6. Calcein-SQAG, whose liposomes are composed of f-SQAGY, was internally capsuled with fluorescent calcein and pulsed to HIS48-positive
cell fraction, which is comparable with PMNs, obtained from healthy rat peripheral blood. Subsequently, we estimated the number of HIS48-positive cells
that bound with calcein-SQAG using flow cytometric analysis. The data indicated that calcein-SQAG bound to PMNs (A). Secondly, blocking assay was done
with anti-CD62L mAb. The calcein-SQAG binding to the HIS48-positive cell population was decreased by pretreatment with anti-CD62L mAb (B), whereas little
difference was observed by pretreatment with anti-g-actin mAb, which was a control mAb (C). The optical images obtained by confocal laser microscopy
revealed green-stained calcein-SQAG and phycoerythrin-red—stained HIS48 molecule (magnification x660). This immunofluorescence revealed the localization
of calcein-SQAG on the HIS48-positive cell surface, not in the cellular cytoplasm (D). Calcein-SQAG did not localize on HIS48-positive cells pretreated with
anti-CD62L mAbD (E) but localized on HIS48-positive cells pretreated with anti-g-actin mAb (F).
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in sync with the change in serum levels of liver enzymes. In
addition, we demonstrated by immunohistochemical staining
that the count of PMNs infiltrated into the liver parenchyma
also increased to a peak 3 h after I/R. By administration of
B-SQAGY liposome, the histological liver damage and the
peak serum levels of liver enzymes were significantly reduced.
The peak number of infiltrated PMNs was also reduced by
B-SQAGY9 liposome administration, although there was no
apparent difference in the changes of serum levels or hepatic
tissue mRNA levels of proinflammatory cytokines, such as
TNF-a and IL-1p (22, 23), between the treated group and the
control group. There are various reports on the mechanism of
hepatic I/R injury, such as inflammatory cytokines produc-
tion, PMN adhesion and infiltration, oxygen-derived free
radicals generation, microcirculation impairment and intra-
cellular Ca®* increase, etc. (24-27). Considering the above
reports and our data, the protective mechanism of f-SQAG9
liposome might not depend on the reduction in cytokine
production but rather on the suppression of PMN infiltration
into the liver parenchyma. Therefore, in this study, we
focused on infiltrated PMN as a key mediator of I/R injury.
In hepatic I/R, PMNs were recruited into the inflammatory
site; they then infiltrated into the liver parenchyma and caused
hepatic I/R injury. The selectin family of adhesion molecules
is responsible for the initial attachment between PMNs and
endothelium (7). In particular, L-selectin, which is constitu-
tively expressed on neutrophils, mediates the intermittent
adhesion process that precedes the extravascular infiltration of
PMNs (28, 29). Some reports have stated that blocking
L-selectin with mAb could decrease PMN migration and
reduce hepatic I/R injury (7, 30). In this study, we demon-
strated that B-SQAGY liposome specifically bound to
L-selectin on PMN using flow cytometric analysis and
immunofluorescence by confocal laser microscopy. Further-
more, we demonstrated that f-SQAG9 liposome reduced
the PMN infiltration into the liver parenchyma and amelio-
rated subsequent I/R injury. Taken together, these data led
to the conclusion that f-SQAG9 liposome reduced hepatic
I/R injury by the inhibition of the initial attachment between
PMNs and sinusoidal endothelium, which L-selectin mediated.

In conclusion, S-SQAG9 liposome might competitively
antagonize L-selectin on PMNs and suppress the subsequent
PMN infiltration, resulting in the reduction in I/R injury.
Thus, it is expected that this unique anti-inflammatory
property of B-SQAG9 liposome could become one of the
tactics of therapy against acute inflammation, such as I/R
injury. B-SQAGH9 liposome, which possesses both the immu-
nosuppressive effect (8-10) and this anti-inflammatory prop-
erty, might especially be helpful in liver transplantation or
liver surgery. Moreover, it is reasonable to assume that the sea
urchin intestine could be used as a medical source material,
although it is recognized that, at present, it is regarded as an
inedible waste material.
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Down-Regulation of HLA Class I Antigen is an
Independent Prognostic Factor for Clear Cell Renal Cell Carcinoma

Hiroshi Kitamura,* Ichiya Honma, Toshihiko Torigoe, Hiroko Asanuma, Noriyuki Sato
and Taiji Tsukamoto

From the Departments of Urology (HK, IH, TT) and Pathology (HK, I1H, TT, HA, NS), Sapporo Medical University School of Medicine,
Sapporo, Japan

Purpose: We determined the prognostic impact of human leukocyte antigen class I on the survival of patients with clear cell
renal cell carcinoma.

Materials and Methods: Immunohistochemical staining for HLA class I was performed on specimens from 45 patients with
clear cell renal cell carcinoma. We performed univariate and multivariate analyses of various factors affecting cause specific
survival including HLA class I, Fuhrman grade, TNM stage and tumor size. Furthermore, we compared the survival of
patients with HLA class I positive renal cell carcinoma to that of those with down-regulated HLA class I using the
Kaplan-Meier method and log rank test.

Results: HLA class I was immunohistochemically down-regulated in 17 (37.8%) clear cell renal cell carcinomas. The
down-regulation had no correlation with other clinicopathological parameters such as tumor size, perirenal fat invasion,
tumor thrombus, TNM stage or nuclear grade. Univariate and multivariate analyses revealed that HLA class I expression,
tumor grade and TNM stage were significant factors influencing the disease specific survival of patients with renal cell
carcinoma. Patients with HLA class I positive renal cell carcinoma had longer recurrence-free survival than those with
down-regulated expression at 5-year followup (95.5% and 61.1%, respectively).

Conclusions: Qur data demonstrate that down-regulation of HLA class I on tumor cells is an independent prognostic factor
for clear cell renal cell carcinoma. This finding suggests that HLA class I restricted cytotoxic T lymphocytes have an
important role in the suppression of renal cell carcinoma.

Key Words: carcinoma, renal cell; histocompatibility antigens class I; prognosis; survival

etastatic progression will develop after curative

surgery in more than 30% of patients with RCC.

Therefore, prognostic classification of RCC has been
used in an effort to facilitate appropriate counseling of pa-
tients and to guide decisions pertaining to surveillance and
adjunctive therapy.’ Many prognostic factors have been
identified in RCC, and the TNM stage, nuclear grade, sar-
comatoid differentiation and tumor size are generally ac-
cepted for patients treated surgically.*® However, because of
its inherent resistance to chemotherapy and radiotherapy,
no satisfactory treatment options exist for patients with
advanced RCC at present,® and the response rate to immu-
notherapy using interferon-o and/or interleukin-2 is also
unsatisfactory (less than 20%).” Therefore, it is important to
determine immunological prognostic factors for the survival
of patients with RCC.
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Human leukocyte antigen class 1 has a critical role in
recognition and lysis of tumor cells by CTLs, and defects in
antigen presentation could allow the tumor to escape from
CTLs.B Although the abnormalities of HLA class I and
antigen processing molecules in RCC have been efficiently
investigated,® there has been no study evaluating the rela-
tionship between down-regulation of HLA class I in RCC
tissues and prognosis. In this study we assessed the influ-
ence of down-regulation of HLA class 1 on the survival of
patients with RCC.

MATERIALS AND METHODS

Patients

We reviewed the clinical pathology archives of 138 consecu-
tive patients who underwent radical or partial nephrectomy
and were diagnosed as having clear cell RCC at the Sapporo
Medical University Hospital, Sapporo, Japan from May 1991
to August 1998. Patients whose medical records were incom-
plete were excluded. We selected 45 of the patients based on
the availability of sufficient material for immunohistochem-
istry. Informed consent was obtained from the patients to
use the surgical specimens remaining after pathological di-
agnosis for the investigational study, which was approved by
the Institutional Review Board for Clinical Research at our
university. All hematoxylin and eosin stained slides were
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F1G. 1. Representative pictures of immunohistochemical staining with mAb reacting to HLA class I (EMR8-5) in RCC. A, in tumor cells
staining is seen in cytoplasm but not in cell membrane, which demonstrates down-regulation of HLA class I (score 1). B, cell membranes of

tumor cells are completely stained (score 2).

reviewed, and all of these specimens showed clear cell RCC.
Median patient age at operation of the 27 male patients and
18 female patients was 61 years (range 24 to 80). Median
followup was 63 months (range 3 to 117). All hematoxylin
and eosin stained slides were reviewed, and clinical stage
was assigned using the 2002 TNM classification of malig-
nant tumors. There were 22 cases of stage I, 9 cases of
stage I1, 7 cases of stage III and 7 cases of stage IV disease.
Fuhrman grade distribution was 15 cases with G1-2, 22
cases with G3 and 8 cases with G4. Median tumor diameter
was 5.5 cm (range 1.2 to 18). No patients with stage I, II or
III RCC underwent immunotherapy before recurrence.

Immunochistochemistry and Scoring
Immunohistochemical staining with the monoclonal anti-
pan HLA class I antibody EMR8-5, established at our labo-
ratory, was performed as previously described.’® Human
tonsil sections were used as positive controls for HLA class I.
Negative controls had the primary antibody replaced by
buffer. All specimens were reviewed independently using
light microscopy in at least 5 areas at X400 magnification by
investigators who were blinded to clinicopathological data
(IH and TT). The membrane immunoreactivity level for HLA
class I was categorized from undetectable to +2. A score of
zero was defined as undetectable staining. A score of +1 was
defined as faint, incomplete membrane staining in more
than 20% of the tumor cells, or as moderate to complete
staining in cytoplasm but negative membrane staining in
the tumor cells (fig. 1, A). Finally, a score of +2 was defined
as complete membrane staining in more than 80% of the
tumor cells (fig. 1, B). HLA class I expression was then
classified as down-regulated (scores 0 and 1) or positive
(score 2).

Statistical Analysis

We tested the relationships between HLA class I expression
and the other clinicopathological parameters, ie the TNM
stage, tumor diameter, tumor thrombus, perinephric fat in-
vasion and Fuhrman grade, by logistic regression tests. Dis-
ease specific survival was assessed by the Kaplan-Meier
method, and differences between 2 groups were compared
using the log rank test. Univariate and multivariate regres-
sion analyses according to the Cox proportional hazards
regression model, with disease specific survival as the de-

pendent variable, were used to evaluate the down-regulation
of HLA class I for potential independent prognostic factors.
A value of p <0.05 was considered to indicate statistical
significance. The calculations were performed using JMP™
software.

RESULTS

Immunohistochemical study of HLA class I in cancer cells
revealed that 1, 16 and 28 of the 45 cases had scores 0, 1
and 2, respectively. In other words, HLA class I was down-
regulated in 17 (37.8%) of the clear cell RCCs. All normal
cells of proximal convoluted tubules, the origin of clear cell
RCC, and tumor infiltrating lymphocytes showed positive
staining by EMR8-5. Logistic regression analysis revealed
no relationship between HLA class I expression and tumor
size (p = 0.6286), Fuhrman grade (p = 0.6806), perinephric
fat invasion (p = 0.8696), tumor thrombus (p = 0.7633) or
TNM stage (p = 0.6869).

The 5-year disease specific survival was 81.6% for all
patients. Univariate analysis revealed that HLA class I ex-
pression, TNM stage and tumor grade were significant fac-
tors influencing disease specific survival of patients with
RCC (see table). Multivariate analysis revealed that HLA
class I expression was the only significant and independent
factor that affected the disease specific survival (see table).
The 5-year survivals were 95.5% and 61.1% in the HLA class
I positive and down-regulated arms, respectively. Patients
with HLA class I positive RCC had significantly longer dis-
ease specific survival than those with down-regulated ex-
pression (log rank p = 0.0145) (fig. 2).

Results of Cox regression analysis for disease specific survival

Univariate Analysis Multivariate Analysis
Risk Ratio Label Risk Ratio Label

(95% CI) p Value (95% CI) p Value
TNM stage 1.84 (1.25-2.90) 0.0014  1.74(0.99-3.18) 0.0548
Fuhrman 2.32(1.22-4.73) 0.0094 1.99(0.62-6.98) 0.2501

grade

Tumor size 1.08(0.99-1.18) 0.0887 1.05(0.86-1.25)  0.5946
HLA classI  0.13(0.04-0.33) <0.0001 0.21(0.04-0.86)  0.0294
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FiG. 2. Disease specific survival of patients with RCC stratified by
whether HLA class I was down-regulated.

DISCUSSION

We used a novel antibody, EMR8-5, reactive with the heavy
chains of all alleles of HLA-A, B and C in formalin fixed,
paraffin embedded tissue sections. The use of this pan-HLA
antibody revealed the incidence of HLA class I down-
regulation in our series of RCC to be 38%. Marincola et al
reviewed several small studies and reported that the down-
regulation rate was 32%, a figure compatible with our re-
sults.'! Meanwhile, Brasanac et al investigated HLA class I
expression in 26 RCCs immunohistochemically, and re-
ported that 15% of them showed a reduced presence.'? They
also showed that HLA class I down-regulation was associ-
ated with greater tumor diameter, and more frequent T3, T4
and M1 stages.'? Atkins et al reported that 22% of clear cell
RCC showed HLA class I down-regulation. ® Thus, the fre-
quency of HLA class I down-regulation in RCC is relatively
low compared to other cancers.'! In the present study the
down-regulation was not associated with other clinicopath-
ological parameters such as nuclear grade, TNM stage, tu-
mor size, etc, suggesting that the antitumor effects of
immunotherapy might not depend on grade, stage or tumor
size in RCC.

To our knowledge this study is the first to report the
importance of HLA class I down-regulation as a prognostic
factor for patients with RCC. The results indicated that the
natural history or biological activity of RCC had a close
relation to immunological circumstances. The down-
regulation of HLA class I molecules provides tumor cells
with mechanisms to escape from T cell recognition and de-
struction.!® Our results suggested that HLA class I down-
regulated RCC cells might acquire such immunological es-
cape. Unfortunately, however, we did not evaluate tumor
specific CTLs in peripheral blood of the patients or in/around
the tumor. Recently a new technique has been developed to
detect pathogen specific T cells without knowledge of peptide
specificity or HLA restriction elements.!* Thus, a study of
the relationships among HLA class I down-regulation, tu-
mor specific CTLs and prognosis may be possible in the
future. Abnormalities of HLA class I antigen can be caused
by those of the HLA class I antigen processing machinery,
TAP1, TAP2, tapasin, LMP2, LMP7 and LMP10/MECL-1,
and the B2-microglobulin gene.!''® In RCC down-regulation
or deficiencies of TAP1, tapasin, LMP2 and LMP7 were
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reported,”'® although there is a question why those abnor-
malities were also found in tissues normally expressing HLA
class I. In any case further studies that clarify the molecular
mechanisms of HLA class I down-regulation are needed. We
suggest that the prognosis of patients with HLA class I
down-regulated RCC may be improved if the key to the
abnormality is identified.

Our results suggest that HLA class I expression in RCC
tissues can provide useful prognostic information for pa-
tients, although this study has limitations in that it studied
a small number of patients and lacked examples without
indication for surgical treatment for RCC. In the next stage
we will evaluate the relationship between HLA class I down-
regulation in cancer tissues and the effects of cytokine ther-
apies for advanced RCC.

CONCLUSIONS

Our data demonstrate that down-regulation of HLA class I
expression on tumor cells is an independent prognostic fac-
tor in univariate and multivariate analyses of the survival of
patients with clear cell RCC. This suggests that HLA class I
restricted CTLs have an important role in the immune sur-
veillance of patients with RCC.
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EDITORIAL COMMENT

The management of renal cell carcinoma is changing with
the introduction of anti-vascular endothelial growth factor
therapy.’ These improved treatments are the result of
decades of research, demonstrating the importance of vas-
cular endothelial growth factor in renal tumor development.
With all this excitement it is important to recognize that the
immune system has a prominent role in tumor formation,
progression and treatment. Kitamura et al demonstrate that
HLA class I antigen down-regulation is an independent
prognostic factor for renal cell carcinoma. Does this reflect a
more dedifferentiated tumor or an inability of the host im-
mune system to recognize the tumor? The fact that the
marker did not correlate with stage, grade or size would lend
credence to the latter. Markers of tumor aggressiveness are
only half the battle. Once we identify patients at high risk
for progression we need to provide them with improved
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treatment options. What remains to be proven is if HLA
status will identify patients who will respond better or worse
to systemic therapies.
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We agree that it is necessary to clarify the relationships
between HLA class I status and clinical response to systemic
therapies. The relationships between HLA class I status
and, not only conventional cytokine therapies, but also new
specific immunotherapies, molecular targeting therapies,
etc need to be evaluated. Various vaccination studies report
that the clinical responses or durable effects do not always
correlate with the induction of CTLs specific for the cancer
antigen."? We believe it is important to evaluate the rela-
tionships among clinical responses, cancer specific CTL in-
duction and HLA class I status in such therapies.

Most candidates for systemic therapies have metastatic
tumors. Unfortunately, however, our study included only
primary RCCs. We need to know whether HLA I expression
can be down-regulated in advanced RCC, even if future
studies clarify that HLA I status is a predictive factor for the
clinical response to immunotherapy. Investigation of the
mechanisms of HLA class I down-regulation in RCC is im-
portant. Furthermore, if HLA I status is a key to predict
clinical responses to systemic therapies, a study of how to
up-regulate HLA class I will be one of our challenges.?
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B Plasma Neuropeptides in Patients Undergoing

Lumbar Discectomy
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Lumbar disc herniation (LDH) is one of the most com-
mon spinal disorders. This condition has been well
known to cause neurogenic radicular pain, nociceptive
low back pain, and occasionally neuropathic pain symp-
toms such as allodynia. These diverse pain symptoms are
a reflection of the unique pathology of LDH in both
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mechanical and anatomic aspects: 1) while peripheral nerve
injuries are often caused by traumatic events outside of the
body, LDH signifies internal trauma to the surrounding
peripheral nerve terminals and nerve roots; 2) herniated
nucleus pulposus contains inflammatory properties; and 3)
in the majority of cases, the nerve root is damaged proximal
to the dorsal root ganglion (DRG).1* These clinical and
pathologic characteristics of LDH distinguish it from other
nociceptive and neuropathic pain conditions. Also, these
features create difficulties in the development of animal
models of LDH, which mimic human’s nociceptive and
neurogenic pain. Consequently, there is a much poorer
understanding of molecular pathomechanisms of pain in
LDH, when compared with peripheral neuropathic
pain.>*

Neuropeptides are multifunctional amino acids essen-
tial in all life forms from invertebrates to humans.’ They
act as transmitters and modulators for hormone secre-
tion and pain signals.>>-¢ The role of neuropeptides in
pain signaling has been investigated mainly in peripheral
neuropathic pain conditions®” and headaches.® A few
animal model studies’~!? have investigated their role in
the pathophysiology of pain associated with disc herni-
ation. Besides their regulatory function in pain signaling,
neuropeptides can also serve as the local and systemic
neurochemical signature of pain states.” Increases in the
plasma level of neuropeptides have been reported in pa-
tients with a variety of painful conditions, including
burns,3 fractures,' whiplash,'> and headaches.® Nev-
ertheless, such available information on LDH has been
limited to the analysis of cerebrospinal fluid (CSF), the
results of which showed no significant increases of neu-
ropeptide levels in patients with this condition.'é'”

Clinical evaluation of pain associated with LDH still
depends on subjective measures such as the visual ana-
logue scale (VAS). As a quantitative objective sensory
test for patients with lumbar radiculopathy, we previ-
ously introduced current perception threshold evalua-
tion.!® The present study was designed to extend our
quantitative approach to pain assessment in patients
with LDH, and also to understand the role of plasma
neuropeptides in the pathophysiology of LDH. Fo-
cused on these aims, we analyzed levels of alpha cal-
citonin gene-related peptide (CGRP), galanin, neu-
ropeptide Y (NPY), and substance P (SP) in blood serum
and CSF of patients who were elected for lumbar disc-
ectomy.
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W Materials and Methods

Subjects. This study was approved under the institutional
guidelines for the use of human subjects in research. Conditions
for the evaluation of patients were those who had 1} sciatica
with a VAS of § or more, 2) positive straight leg raising (SLR)
test, 3) LDH at a single corresponding level, and 4) those who
were admitted to the authors’ hospitals to undergo lumbar
discectomy. VAS was measured by using a horizontal line, 100
mm in length, with 11 vertical lines at 10-mm intervals. Pa-
tients were asked to mark a point that represented the level of
their sciatica focusing on pain rather than discomfort. Exclu-
sion criteria were patients with other concomitant painful con-
ditions, those receiving diuretic drugs, and those who had re-
sidual pain 3 weeks after lumbar discectomy. Eligible patients
gave their written consent to participate in the study, and blood
samples were collected both before surgery and 3 weeks after
lumbar discectomy (modified Love method).

Between April 2003 and March 2005, 29 patients enrolled
on this program. Two patients were later excluded because of
persistent pain 3 weeks after lumbar discectomy. From these 2
patients, postoperative blood samples were not collected. Ac-
cordingly, the remaining 27 patients represented the subject of
the following analysis. There were 14 men and 13 women. The
mean age was 44 years (range, 1672 years). The level of disc
herniation was L3-L4 in 3, L4-L5 in 10, and L5-51 in 14
patients. The 3 patients with disc herniation at L3-L4 showed
a positive SLR test. The VAS score for the entire group was
77 += 17 mm (mean * standard deviation). Their SLR results
were 43° + 19° (mean = standard deviation).

Sample Collection and Processing. Blood samples were
drawn from the peripheral veins in the forearm using a 22G
needle (TERUMO NEEDLE, Terumo, Tokyo, Japan) between
6:00 AM and 7:00 AM. They were collected in tubes contain-
ing 3.8% sodium citrate (VENOJECT II, Terumo). The tubes
were transferred to ice and centrifuged at 3000 rpm for 10
minutes. The plasma samples were snapped and stored frozen
at —80 C until analysis. Samples were analyzed during the
following 3 months.

Enzyme-Linked Immunosorbent Assay (ELISA). The con-
centration of CGRP, galanin, NPY, and SP in the corrected
plasma samples was measured using commercially available
ELISA kits. The kits used were, EIA 6009 (Cayman Chemical
Co.) for CGRP, $-1210 (Peninsula Laboratories, St. Helens,
UK ) for galanin, $-1145 (Peninsula Laboratories) for NPY, and
EIA 583751 (Cayman Chemical Company) for SP. Assays were
performed according to the manufacturer’s protocols. The pep-
tides were incubated with biotinylated-labeled peptides. After
washing, streptavidin-conjugated horseradish peroxidase (SA-
HRP) was added. After again washing, tetramethyl benzidine
dihydrochloride was allowed to react with bound HRP. Absor-
bance was read at 450 nm and all assays were performed in
duplicates. The count bound figure was divided by the total
counts and expressed as a percentage. In order to derive nu-
merical values (pg/mL), these percentage numbers were then
positioned onto the standard curve, The calculations were car-
ried out by using Excel wordbook “EIADouble” downloaded
from the web site of Cayman Chemical Company.

Statistical Analysis. Preoperative concentration of plasma
neuropeptides between male and female patients was com-

pared and analyzed using the unpaired Student ¢ test. The cor-
relation between preoperative concentration of plasma neu-
ropeptides and 1) patients® age and 2) preoperative VAS was
evaluated using the Pearson correlation method. The concen-
tration of plasma neuropeptides in blood samples was com-
pared before and again 3 weeks after surgery and analyzed
statistically using paired Student ¢ test and Wilcoxon signed-
ranks test. In addition, factors that could potentially influence
the postoperative changes of plasma neuropeptide levels were
analyzed, including 1) gender, 2) use of nonsteroidal anti-
inflammatory drugs (NSAIDs) at the time postoperative blood
samples were drawn, and 3} duration of preoperative symp-
toms. Patients were divided into 2 groups: one showing post-
operative decreases of plasma neuropeptide levels and the other
without this decrease. Then data of gender and use of NSAIDs
were analyzed in a 2 X 2 cross contingency table using the
Fisher exact probability test. The correlation between postop-
erative changes of plasma neuropeptides and duration of pre-
operative symptoms was evaluated using Pearson correlation
method. A probability of less than 0.05 is accepted as statisti-
cally significant.

M Results

To determine the clinical significance of plasma neu-
ropeptides in patients with LDH, we collected blood
samples from the 27 patients with LDH before and after
lumbar discectomy. We assessed the concentration of
CGRP, galanin, NPY, and SP in these preoperative
plasma samples and then analyzed the results with the
demographic data of patients. As depicted in Table 1,
the levels of neuropeptides did not differ significantly
between male and female patients. Also, there were no
significant correlations between the levels of plasma
neuropeptides and the age of the patients with LDH
(Figure 1).

We then analyzed the correlation between the levels of
plasma neuropeptides and preoperative VAS (Figure 2).
As shown, there was a significant correlation between
the levels of plasma CGRP and VAS (r = 0.39, P = 0.01).
In contrast, galanin, NPY, and SP failed to show such
significant correlation with preoperative VAS. Subse-
quently, we compared the levels of plasma neuropeptides
before and 3 weeks after lumbar discectomy (Table 2;
Figure 3). With a VAS score of 0, all 27 patients reported
a disappearance of pain after surgery, although 10 pa-
tients were taking NSAIDs at that time. As shown in
Figure 3, following surgery the levels of CGRP and ga-
lanin decreased in 19 patients, respectively. Analysis of
the 27 patients by paired Student ¢ test revealed statistical

Table 1. Levels of Plasma Neuropeptides and Gender

Male Female
Peptides (pg/mL} {pg/mL) Pt
CGRP 46.0 > 44.0* 355 = 316 0.25
Galanin 571 = 3417 685 * 278 0.18
NPY 244 = 99 277 = 117 0.22
SP 109 + 6.3 9762 0.31

*Values of neuropeptides are given as the mean * SD.
TP values are determined by unpaired Student ¢ test.
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Table 2. Levels of Plasma Neuropeptides Before and
After Lumbar Discectomy

Table 3. Influence of Gender and Use of NSAIDs on
Postoperative Changes of CGRP and Galanin

P

Before After Paired

Surgery Surgery Student Wilcoxon
Peptides {pg/mL} {pg/mL) t Test Test
CGRP 40.9 + 39.6* 25.5 + 295 0.001 0.006
Galanin 625 * 326 515 + 288 0.003 0.004
NPY 259 = 111 264 £103 0.31 0.18
SP 103 =64 101 =46 0.39 0.32

*Values of neuropeptides are given as the mean * SD.

extent of sciatica as determined by VAS. In addition,
plasma levels of CGRP and galanin significantly de-
creased after lumbar discectomy in line with the disap-
pearance of pain symptoms. These findings indicate that
CGRP and possibly galanin play a role in the pathogen-
esis of LDH, and also they can serve as systemic neuro-
chemical signatures of pain states in patients with lum-
bar radiculopathy.

In the literature, plasma levels of CGRP and SP have
been reported to be significantly higher in patients with
tissue injuries than those in healthy controls. These include
injuries of soft tissue,!” skin (burns),!® bone (fractures),'*
and ligament/joint capsule (whiplash).”> Compared with
these reports, changes in plasma levels of CGRP and gala-
nin associated with lumbar discectomy in the present study
were smaller. However, they showed statistical significance
in paired Student ¢ test and Wilcoxon signed-ranks test.
These differences likely reflect the extent and area of the
injury, which are smaller in LDH than in the injuries caused
by external trauma, LDH serves as internal trauma to both
nerve roots and nerve endings (nociceptors) in the posterior
longitudinal ligament and the posterior parts of the anulus
fibrosus.2?" Despite the relatively minor injuries caused by

[ CGRP

Gender NSAID Use
Male Female Yes No

Peptides (n=1) =13 (=10) =17
CGRP

Decrease (n = 19) 11 8 6 13

Increase {n = 8) 3 9 4 4
Galanin

Decrease (n = 19) 10 g 9 10

Increase {n = 8) 4 4 1 7

No. of patients in each category was described in a 2 X 2 cross contingency
table.

LDH, associated local inflammation may sufficiently sensi-
tize the corresponding afferent neurons in the nerve root
and the DRG. This in turn leads to radicular pain expressed
by patients with a high VAS score.

It should also be mentioned that 8 of the 27 patients
did not show decreases in plasma levels of CGRP and
galanin after lumbar discectomy. In this regard, there
was no significant association between postoperative
changes of CGRP and galanin, and 1} gender or 2) the
use of NSAIDs. In contrast, there was a significant cor-
relation between duration of preoperative symptom and
postoperative changes of galanin. Lack of decreases in
plasma levels of galanin after lumbar surgery may be
explained by the relatively long duration from onset to
the surgery. However, it still remains to be established
which factors influenced the plasma levels of CGRP in
patients who underwent lumbar discectomy. In the
present study, the authors excluded 2 patients who un-
derwent discectomy and had persistent pain 3 weeks af-
ter surgery. They might also have not shown a postoper-
ative decrease in the plasma levels of CGRP and galanin.
Analyses of blood samples from these 2 patients and also

:Galanin

Figure 3. Plasma level of neu-
ropeptides before and after fum-
bar discectomy. Plasma levels of
CGRP, galanin, NPY, and SP in 27
patients were determined before

and 3 weeks after lumbar disc-
gctomy. Lines are drawn from the
preoperative value to the postop-
erative value in each patient. y-

axis indicates the concentration of
neuropeptides (pg/mL). Preop.

Postop, Preop. Postop.
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Figure 4. Correlation between duration of symptoms and postop-
erative changes of plasma CGRP and galanin. x-axis indicates the
duration of symptoms from onset to lumbar discectomy (days).
y-axis indicates the extent of postoperative changes of neuropep-
tides (pg/mL) calculated as preoperative concentration of the
peptide — postoperative concentration. Negative values indicate
that the level of plasma neuropeptide increased after surgery. The
correlation between the duration of symptoms and postoperative
changes of plasma neuropeptide levels was analyzed by the Pear-
son correlation method. Values in parentheses in each neuropep-
tide indicate a correlation coefficient (r) and a probability (P).
There was a significant negative correlation between the extent of
postoperative changes of plasma galanin levels and the duration
of symptoms.

samples taken at an interval of 3 weeks from conserva-
tively treated patients could provide insights into the
magnitude of the changes in plasma neuropeptides.

Presently, little is known of the origin of neuropeptides
in the peripheral blood. However, it is well established that
CGRP and galanin are synthesized by DRG neurons, trans-
ported centrally and peripherally, and released at both ter-
minals.®?*?? Centrally transported peptides may in part be
released into the CSF. In this regard, Lindh et al'” reported
lower CSF levels of CGRP in patients with LDH than those
in healthy individuals. The authors of the current study also
found no significant correlation between plasma levels and
CSF levels of CGRP, galanin, and NPY in 12 patients with
LDH (Takeuchi et al, unpublished observation). These
findings indicate that the plasma levels of neuropeptides in
patients with LDH do not reflect centrally released neu-
ropeptides.

Since a herniated disc sensitizes both nerve endings and
nerve roots, peripherally transported neuropeptides are
most likely released from both the nerve endings surround-

ing the herniated disc and the sensory nerve endings of the
affected roots in the lower extremities. Indeed, CGRP and
SP were detected immunohistochemically in the anulus fi-
brosus of rat intervertebral disc specimens?® and human
herniated lumbar disc specimens.?* Notably, in the study of
12 herniated lumbar disc specimens by Ashton et al,**
CGRP immunoreactivity was found not only in fine nerve
fibers but also in the vicinity of blood vessels and non-
perivascular locations. In contrast, SP immunoreactivity
was faintly detected and confined to a few nerve fibers.
These findings are consistent with the higher plasma levels
of CGRP than SP in the current study.

It is generally known that neuropeptides released
from the peripheral terminals exert their biochemical ef-
fects over various types of cells in its microenvironment.®
Such biochemical events are termed as neurogenic in-
flammation. In LDH, they can take place at peripheral
nerve terminals in the anulus fibrosus and the posterior
longitudinal ligament injured by a herniated disc. While
CGRP serves as a potent vasodilator and modulator of
immune system activity,®** galanin has trophic effects
on sensory neurons.?® It is likely that galanin released
around the herniated nucleus pulposus may activate the
regeneration of injured peripheral nerves in the anulus
fibrosus and ligament tissues. Also, the CGRP stimula-
tion of chemotaxis of immune cells leads to an infiltra-
tion of these cells into the herniated disc. As our
group?”-?® and others?*3° have demonstrated, such in-
flammatory infiltration plays a pivotal role in spontane-
ous regression of the herniated disc. Collectively, neuro-
genic inflammation associated with LDH occurs
primarily to provide optimal microenvironments for
healing and regeneration. However, this inflammatory
response simultaneously facilitates sensitization of the
afferent neurons in the affected nerve root.

There are several limitations to the present study. First,
the present study includes a small number of patients.
Therefore, the low participation of candidates with large
changes of plasma neuropeptides after lumbar discectomy
can determine the overall trend of our findings. The results
might have been different if 2 patients who continued
with pain after surgery were included. Second, only 4
representative neuropeptides were examined. Third,
only one single time point was chosen to evaluate post-
operative neuropeptide levels. And finally, it would also
have been more practical to comparatively analyze
plasma levels of neuropeptides and their local expres-
sions in the herniated disc materials. Nevertheless, diffi-
culties in the evaluation of pain states in animal models
for LDH and the presence of species-dependent varia-
tions of neuropeptide expressions in injured nerves*>
highlight the importance in analysis of clinical materials
in pain research.

H Conclusion

This is the first study that shows the role of plasma
CGRP and galanin as the biochemical signature of pain
states in patients with LDH. Plasma levels of CGRP and
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