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Abstract

Sutherl and@@a frutéeseceebsen traditionally wus
to ameliorate symptoms associated with can
infl ammation. The objective of tShis invest
frutesoehbe expression of genes in a murin
264.7). We found that tr eSat nerut{ &&i&em d4a nh eptr
to the stimulation with LPS and | FNo for 2
genes in RAW 264.7 cell s. When the post-s
number of genes that were significantly im
anal ysis revealed that inflammatory signal
TNF, as well as signaling pathways associ a
inhi bited by SFE treatment. These findings
infl ammatory activity of SFE and enabl e be
properties of this botanical To our Kknow
i mpac$. offr wthe gyd orbsal gene expression i n an
KeyWords: Sut her | andi aRNA usteegsuceenncsi ng, i nfl ammat |
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Introduction

Sut IBer Ifanmidiea cfarnwted d ccekmsown medi ci n
in sout HerMr eAMirdadwsa reports indicated that t
treatment of different diseases, st#ch as c

The mechanisms for theseSpuftratthasrseaenreat ch eaar
investigated extensively. We and others ha
of this plant possess anti-inflammatdry an
However, the mecShanfirsumnfesy)c eboysd uvhaitcen heal t h o
remains unclear. Recently, our §rotiputemoal
down-regulated 50% of Hedgehog-responsi ve
TRAMPE2)Al so, we have previoSstilyerleamditad t
di minish NF-8aB, ERK, AP-1, and JAK-STAT1 s
cef1ls

Macrophages play i mportant rol es

~t

including hos defense, wdiunMabeaphages aoadil
recogni ze pathogen-associated mol ecul ar pa
receptors, such as®tafteti Bendecgptorshe¢TT]
classical signaling pathways, including NF
resulting in the production of nitric oxid
inflammatory cytolRiCyeoskchemolindest her medi
modul ate systemic responses to i*%ffl almmati o

l ight of our previous Setshhénlsamdida sagnnfhi ¢t

reduce signaling through a number of key i
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expl ore tShe feafufobeacstg emfd al gene expression in
sequencing (RNA-Seq) .

RNA-Seq has been widely used in biomedi
concentrations using high% hrbheghmpadulsteigueg
of transcript data can then be used for a

provide new strateldi eBefcamrusel iorfi daleitrr eatnmh

i mmune responses and involvement in inflam
contains dozens of reports of global gene
to pathogens, pathogenic?tomphoh@esndsrcerofi m

2

macrophages used for gene arrayo research

monocyte derived macrophages and bone marr

macrophages from mice, or macrophage-1ike
murine (e.g., RAW 264.7, J774, PU5-1.8) or
macrophage cel |l l ine, RAW 264.7 cell s. W
oS. frutestbese cells with and without <co-

of LPS and I FNo2 together results in what I

macropghages

Results
S. frutescens treatment affected gene expr
and time-dependent manner

As shown in Table 1 and Fig. 1, acu:

showed no effect on gene expOeslaBdhn5Meanw
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were down-regul aRteglaBGA03 7 @Gvemes upi-re.gul at e
treated with 8 e€g/ mL SFE for 24 h. Il n cont
i mpact on gene expression. Cells exposed t
expressed genes (22 down-regulated and 57

total of 226 genes (123 were down-regul at e
by the treatment of 80 eg/ mL SFE for 24 h

Suppl emental Table 1). Consequently, SFE s

dependent i mpacts on the number of DEGs.

Table 1. Numbers of differentially expressed genes in murine macrophages (RAW
264.7) following treatment with the ethanol extract of S. frutescens with or without

co-stimulation with LPS (10 ng/mL) and IFNy (0.1 ng/mL).

Time Treatment Total Down-regulated Up-regulated

8 h Unstim Ctrl vs Stim Ctrl 2803
8 h Unstim Ctrl vs 8 Og SFE

8 h Unstim Ctrl vs 80 Og SFE 79

8 h Stim Ctrl vs 8 Og SFE 0 C
8 h Stim Ctrl vs 80 Og SFE 50

24 h Unstim Ctrl vs Stim Ctrl 4319
24 h Unstim Ctrl vs 8 Og SFE 4

24 h Unstim Ctrl vs 80 Og SFE 226
24 h Stim Ctrl vs 8 Og SFE 2

24 h Stim Ctrl vs 80 Og SFE 715

The gene expression values are from two bi

conditions. The differentp al DyOBxpfabseddp
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Fig. 1. Differentially expressed genes (DEG) affected by ethanol extract of S.
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involved in signaling

Fig. 2A, 2B, 2C, and 2D),

hemokine signaling

n Supplemental Table 4.

r 8, Il fi h1, and Ddx58, wh i

ype | interferon.

ignaling, such as Statl),
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types
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Fig. 2. Ethanol extract of S. frutescens modulated genes associated with immune

function related signaling pathway in unstimulated RAW 264.7 cells. Cell s were
treat edgwinit hetB8i®an®.l ferxufreaxca@mwsh, and cell I
subsequently harvested for RNA sequencing.
were identified byhda hgpe rra gerRt @lrogy aam a layngdi s
using the Database for Annotation, Visual:/

Further, Bhefrmpastéesssignaling pathways w
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Encycl opedia of Genes and Genomes (KEGG).

with I mmun@), responasmesa t(B),r yt alels-ploinksee sr ecept or
pat h@ayRI G-1i ke recepborcyt ghiane ngy tp@ak ihnwea y1
inter@ctawmad chemoki ngF)sweygrne i a InigzepdatbfWwe@yt osc
signaling pathway associ at ed(Gwi tTthevicrodlori n
blue indicates the genes that were reduced
t hat were reduced greater than 4 fold by t
the genes that were increased 2-4 fold and
increased greater than 4 fold by treat ment

| FN i nduced with helicase C domain 1, Ddx 5

pol ypeptide 58, |l kKbke: | -kappa-B kinase ep.
Eukaryotic translation initiation factor 2
synthetase 1G, Adar: Adenosine deaminase,

| mmunity-related GTPase family Member 1, I
Ccl: Chemokine (C-C motif) Iligand, [ I nt
region |l ocus 24, Clec: C-type |l ectin domai
Oas: 2'-5" oligoadenyl ate synthetase, Oas|

Chemokine (C-C motif) receptor, Gbp: Guany

ubiquitin-Ilike modifier.
wel mltshoi sdest @ed,mi ned t he i mpact of SF
genes in RAW 264.7 cells under un-stimulat

with 80 e€g/ mL SFE alone for 8 h altered th


http://dx.doi.org/10.20944/preprints201809.0406.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 20 September 2018

d0i:10.20944/preprints201809.0406.v1

and inflammatory
h (Suppl ement al
inhibited
infl ammatory responses,;
which are
affected by the 24 nh
function (Suppl ement al

Analysis of the
frutewcéehsor without
dat abase. SFE (80 eg/ mL)
function in
anal ysi s
wi t h

treated LPS/ 1 FNo

responses, while 39
Tabl e 6).

thenhBddésvsbiah afe highly

pro-inflammatory

treat ment

pat hways

altered

RAW 264. 7 cel s with or

modul at ed

genes
Upon stimulati on

associ

howeveélt laa@rcEl 1ad s o

factors. Among

with SFE, 1

Table 7).

and neSworks of

co-stimulation of LPS

numer ous

withou

clearly shoS.s ftrhia(t8 8 dhé&gemhlanall o ee

signaling

interaction, cancer, and TNF in RAW 264.7
infection, and endocytosis signaling pathw
post-stimulation (Suppl ement al Figure 1).
pat hways of cytokine-cytokine receptor int
exposure to 80 eg/ mL SFE or 24 h (Fig. 3)
Thpresent study also shows that the signe
rheumatoid arthritis in cells were diminis

Et hanol Sextfrrauc(t&soEfgnal t er ed

sever al i nfectious

di sease.

di seases,

the expression

such as: tube
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Fig. 3. Ethanol extract of S. frutescens (SFE) affects the cytokine-cytokine receptor

interaction and TNF signaling in murine macrophages co-stimulated with

LPS/IFNy.Cel | s wer e gr/ endt ed hwin®H Bkuttesdemdor
co-stimulation with LPS (10 ng/mL) and I FN
subsequently harvested for RNA sequencing.

were identified by the 8dgBERupesgbeamsi gndl

pat hways was analyzed using Kyoto Encycl op

these diagrams, genes highlighted with col

genes, the analysis results were shown fro
right): Unsti mulated control vs stimul ated
eg/ mL SFE, and stimulated vs stimulated +

expression value; the differences of col or
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Functional analysis of DEGs induced by LPS.
of SFE

GeneVenn diagram analysis showed that 7
regul ated by co-stimulation of LPS/1FN2 ar

8 h, and 19 out of 1491 genes up-regul ated

treatment of SFE (Suppl ement al Fig. 2). I n
24 h, 268 of were reversed by the stimul at
reveal ed these genes that are mainly invol
responses, and regulating MAPK activities

demonstrates that these genes were associa

cytokine receptor interaction, TLR, NOD- |

RAP1, HTLV-Il infection, and Herpes simpl ex
As shown in Fig. 4, SFE significantly re

those genes that are down-regul ated are pr

regul ated genes. The i mpact of SFE treat me
infl ammatory responses is summarized in Fi
with NF-8aB and MAPK signaling pathways, | e

change during LPS/1FNo2 treatment. SFE incr
decreases the activators of NF-8B and MAPK
reduction in the expression of several pro

However, the treat ment of SFE al so increas
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A

D lated gene in  Up-reg gene modulated by
cells stimulated for 24 h 80 pg/mL SFE in stimulated
cells (24 h)

Up-regulated gene in cells Down-regulated gene modulated
stimulated for 24 h by 80 pg/mL SFE in stimulated
cells (24 h)
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Fig. 4. Venn diagram and gene ontology of the genes affected by the ethanol extract

of S. frutescens (SFE) and co-stimulation with LPS/IFNy for24h.( A) Genes &ei th
up-regul ated or down-regulated by co-sti mu
24 h were submitted to edgeR for overl ap a
(B-E) The gene ontology was analyzed using
DEGs associated with i mmune response, infl
receptor interaction, and regulation of pr
modul ation of 24-h treatment with the SFE

LPS/ 1 FNo2 co-stimul ated RAW 264.7 <cell s. Th

genes that were down-regulated genes whil e
| kKbi a: | -kappa-B inhibitor alpha, Nfkbia:

Protein tyrosine phosphatase, non-receptor
domain containing 3, Gadd45a: growth arres

Csfl: Colony stimulating factor 1, Ednl: e

factor , bet a

=

eceptor 11, Trib3: tribbles
peroxiredoxin 2, Cd74: HLA class |11 histoc

l ymphocyte antigen 86, Kl hl 6: kelch-1ike 6
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1, Gpr183: G protein-coupled receptor 183,
compl ement component factor h, Tnfsf12: TN
compl ement component 1, r subcomponent A,
beta-A, Tgfbr2: transforming growth factor

growth factor C.

Discussion

Il n our study, co-treatment of the murin
with LPS and | FN2 resulted in over 2800 di
8 hours, which increased to more than 4300
ot her groups have reported gl obal gene exp
macrophages and our findings?®ar dotossirpres
the majority of these genes are associated
infl ammati on, wound healing, and destructi

The primary objective of the present st
to investigate t he eS.f efcrtus{ &s&f€& gannse ne tghlambod | eg
expression in murine macrophages at rest a
observed that treatment with SFE significa
involved in signaling pathways associated
MAPK, and JAK-STAT. These findings' " ®me in
this study, our use of RNA-seq provided in
mechani sms tShurt dvieg Hmawlhdil@ht es macr ophage func
the treat ment of SFENfiknkarrekd) kesdh itchhe aerxep rtewsos

i nhi bitors of the NF-8B pathway. Similar t
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which may explai 8. whyutesaeaéemsaetd Wwhehri sk o

infection in &' P% cSinncec,| iTMNFc aplr otdruicatli on i s
ot her infectious diseases, such as: pertus
hepatitis B, and influenQuat WMer lusmedieanai ns t
individuals with any of these infections m
I n conclusion, this is the first report
S. frubesgéonbdbal gene expression in the mur

This studySrefveatmedotd®éd numerous genes a
signaling pathways which are Iinked to i mm
are consistent with the conclusion that th

several medi cS.naflr wptreospeeantss es of

Materials and methods
Reagent s

E.LPc®01@flr B8%) was purchased from Sigm
MO, USA). Murine | FN2 was purchased from R
The fetal bovine serum (FBS) was purchased
USA). RNeasy Mini Kit (Cat. No. 74104) was

USA) .

Preparation of ethanol extract of S. frute
BhefpoWwéeseg edrs Br. was purchased fr

(Fish Hoek, South Africa) !Anfheceiiardl asxt
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S. fru(&s€Egnwas prepared, and the dry matt
described pSFEiwas|Idried at 55AC under a Ve

Labconco, Kansas City, MO, USA), and then

with the final concentration of 84 mg/ mL.
Cell culture and treat ment
The murine macrophage cell l i ne RAW

Manassas, VA, USA) was cultured in DMEM (G
FBS, at 37AC Wothabkh €Operi ments, RAW 264.
pl ates, and cultured overnight in DMEM/ 5%
pre-treated with or without SFE (8 or 80 ¢
ng/ mL) and I FNo> (0.1 ng/mL) for 8 or 24 h.

RNA extraction.

RNA extraction

Tot al RNA was extracted using the RNeasy
instructions. Briefly, cell |l ysates were t
of Buffer RLT. The RAW cell |l ysates were c

supernatant (~500 eL/sample) transferred i
was precipitated by adding the same amount
column provided in the kit. The concentrat
using a Nano-Drop spectrophotometer (Therm

adjusted to 100 ng/mL by adding RNase-free
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RNA- Seq

A total of 2.5 €g of total RNA walshes ent f

c DNA sequencing | ibraries were generated f
|l i brary preparation kit (Il 1l umina, Il nc., S
using an Il l umina Hi Seq 2000 (Il lTwumina, I n
Tool kit, the adaptor sequences were trimme
sequencing reads were subsequently clipped
filtered. Filtered sequencing reads were a

(UCSC) usithg®GCeompdsatRi th | ess than one count
to be | ow expressed genes and were exclude
Differentially Expressed Gene analysis usi

Only reads that were mapped to a uniqgue
calcul ate gene expression value. The gene
using Mul3i OdomfMdagnti ally Expressed Genes
R/ Bioconduct of® pTalce algeeg efdgleR change (LogFC)
the average of | ibrary size-normalized rea
group. Genes with a f ai?s eanddi sLcoogyFet yQvela ¢oer (
defined as DEGs.

The heat maps were generated wusing funct
package in R/ Bioconductor package edgeR. N

Lo gtransformed, and | oaded into the progr a
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represents expression value, and differenc
expression.

Venn diagrams were gener at‘@8d using

Analysis of differentially expressed genes

The gene ontology analysis was conducted
Vi sualization and | ntlegBraiteefd yDi stchoev egreyn e( DsAy
bet ween different treatments was | oaded in
An enrichment score of O0.05 was wused as a

gene ontology ter ms.

Signaling pathway analysis by Kyoto Encycl
The KEGG pat hway analysis was Sconducted
frutesoessgnalfi ngheaphwiagisn sequences of di
gene products were Iimported to the KEGG Au
KEGG database f o0o%? pTahteh wkaByG @ roerdtihcotlioogny ( KO) -
constructed were produced according to the
visualized using the APathviewo program ba
change value for each dén&handegrmal bfpleg

changes was highlighted with different col
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Protein-protein Interaction network constr
The functional <clusters associated with
were used for the gene net woTlke apraltys nspit ot

associat Mars taswmadfasdown!l oaded**f rTchne ns ttrhien g echeet

interaction network for each fdhction category
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