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Mechanism of anti-inflammatory action of self-assembling heparion nanoparticles

YAMASHITA, FUMIYOSHI
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When non-anticoagulant heparin is conjuated with aliphatic amines, it comes
to form self-assembling nanomicelles and exhibit remarkable suppressive effect on the production of
proinflammatorﬁ cytokines in lipopolysaccharide(LPS)-stimulated macrophages. The present study
demonstrated that the anti-inflammatory effect can be observed with not only heparin but other
glycosaminoglycans, being stronger as their degree of sulfation is higher. In addition, the
time-series data of expression of a variety of genes following LPS stimulation were analyzed based
on a mathematical model. The quantitative transcription network analysis indicated that the heparin
nanoparticles appeared to selectively inhibit the activation of TAK1-1KK-NFkappaB pathway following
LPS stimulation.
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Figure 1. Concentration-dependent inhibitory effect of
glycol-split glycosaminoglycan-stearylamine
conjugates on TNF-a production from
lipopolysaccharide (LPS)-stimulated mouse peritoneal
macrophages.
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Table 1. Representative TFBSs of LPS-responsive

genes
TFBSs Transcription Factors x-test
(p-value)
V$CREL 01 Nuclear factor-kB (NFkB) 0
VS$NFKAPPAB 01 Nuclear factor-kB (NFkB) 0
VSNFKAPPABG65 01 Nuclear factor-kB (NFkB) 0
VENFKB C Nuclear factor-kB (NFxB) 0
VSMZF1 01 Myeloid zinc finger 1 (MZF)  2.45E-13
V$ZIC2_01 Zinc finger protein ZIC 2  1.64E-06
(ZIC2)
V$OCT1_05 POU domain, class 2, 1.68E-05
transcription factor 1
(POU2F1)
VS$CREBP1_Q2 Cyclic AMP-dependent  2.08E-05
transcription factor ATF-2
(ATF2)
VS$EGR1_01 Early growth response 2.29E-05
protein (EGR1)
V$E4BP4 01 Nuclear factor, interleukin 3~ 8.75E-05
regulated (NFIL3)
VSMAZR_01 POZ (BTB) and AT hook 1.19E-04
containing zinc finger 1
(MAZR)
VSISRE 01 Signal ~ transducer and 1.42E-04
activator of transcription 1
(STAT1)
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Figure 2. Time series data of mRNA expression of 33
genes following 100 ng/mL LPS stimulation in
PMA-stimulated THP-1 cells. The data are normalized
according to their variation in the sampling period.
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Table 2. Factor loadings between LPS-responsive
genes and latent transcription factors determined by
sparse factor analysis.

Factor 1 Factor 2 Factor 3
ATF3 0.74 0.65 -0.09
ATF5 -0.01 0.96 -0.22
BTG2 0.93 0 0
CEBPA -0.05 -0.97 -0.15
FOS -0.38 -0.70 -0.18
HHEX -0.76 -0.46 0.41
IFNBI1 0.44 0.89 0
ISG15 0.08 0.98 0.10
JUNB 0.94 -0.25 0.06
JUND 0.67 0.54 -0.48
MAP4K4 0 0.37 0.88
NFKBI 0 0.99 -0.07
NFKBIA 0.85 0.51 -0.08
NFKBIZ 0.76 0.64 -0.07
REL 0.13 0.98 0.04
RELB -0.02 0.99 0.03
STAT1 -0.07 0.52 0.81
TAB2 0 0.68 0.69
XBP1 0.41 0.91 0
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Figure 3. Time series data of mRNA expression
of each gene in PMA-stimulated THP-1 cells
following 100 ng/mL LPS alone (IJ) or together
with 0.lmg/mL gs-HPST (O) or 1 pg/mL
TPCA-1 ().
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