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ABSTRACT

Problem: Sterile intraamniotic inflammation isssociated withmontaneous preterm labor.
Alarmins are proposed to mediate this inflammatory prodéssaim of this study was to
determine whether intramniotic administration of an alarmin, HMGB1, could induce preterm
labor/birthg

M ethod"ef 'Study: Pregnant B6 mice were int@mnioticallyor intraperitoneally injectedith
HMGB1 or PBS(control).Following injection the gestatimal ageandthe rates of preterm birth
and pupmortality were recorded

Results: Intraamnioticinjectionof HMGBL1 led topreterm labor/birthfHMGB1 57% (4/7)vs.
PBS 09%(0/6); p=0.049), and high rate ofpupmortality at week ongHMGB1 60.9+11.7%
(25/41)vs. PBS28.9+12.6% (11/38)p=0.001)

Conclusion: Intrasamnioticadministration of HMGB1 induces pretetabor/birth
INTRODUCTION
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Preterm birthor birth occurring prior tthe 37" week of gestation, is the leading cause
of perinatal morbidity and mortay. Approximately70% of all preterm birthare preceded by
spontaneous preterm labloa, syndrome of caused by multiple pathological procés®ésll the
putative causes associated with spontaneous preterm labointogmniotic
infection/inflammatiorhas been causally linked poeterm birtif Sterile intraamniotic
inflammation.an inflammatory procegmterleukin (IL)6> 2.6 ng/mL) inthe absence of
microorgahisms, is more common than microbisgociated intramniotic inflammationn
patients with preterm labor and intact fetal membrargterile intraamniotic inflammation is
also frequerly observed in patients with a sonographic short céraixg in thosevith preterm
prdabor rupture of themembranesnd clinical chorioamnionitid Theinflammabry process in
sterile inflammatiorresult from activation of the innatenmune systenby endogenous danger
signals defived from necrosis or cellular strétsrmed damagessociated molecular pattern
molecules (DAMP<)or alarming® Sincethe concenttion of severahlarmins includingIL1c,°
S100 calcium-binding protein 8 heat shock protein 78,and highmobility group box1
(HMGB1),** ¥isincreased in the amniotic fluid of women with inainiotic inflammationwe
proposédhatthese danger signals are responsibletésile inflammatiort**3

HMGB1 is an evolutiondlly conserved protein that stabilizes nuclensdormation and
facilitates gene transcription whilocalized to the nuclepybowever|t acts asn alarminwhen
released extracellularfy HMGB1 demonstrateshe four classicharacteristics adnalarmin: 1)
rapid release.following non-programmed cell ddath, necrosis) but not as a result of
apoptosis2) production and release by viable immune cells through specialized secretion
systemorthe'endoplasmieticulumGolgi secretion pathway; 3) recruitment and activation of
innate immuneells via @ttern recognition recepto(BRR) which, in turn, can directly or
indirectly promote adaptive immumesponsesand4) restoration of homeostasis through the
healing of tissue directly or indirectly damaged by inflammalton.

Patientswih sterile intraamnioticinflammation andahigh concentration of HMGBL in
the amniotic fluid deliver earlier than those wattow concentration of this alarmihin addition,
HMGB1 conertrationsin the maternal serum are elevated in pregnamdgibsreduced fetal

movement® Therefore, we hypotlsized that intraamniotic but not systemic, administratia
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HMGB1 would induce preterm birth. We tested this hypothesis by injecting pregnant86 mi
with HMGBL1 intraamniotically orintraperitoneally.

MATERIALSAND METHODS
Animals

C57BL/6.(B6)mice were purchased from The Jackson Laboratory in Bar Harbor, ME,
USA, and/bred'in the animal care facility at the C.S. Mott Center for Human (Gamat
Development at Wayne State University, Detroit, MI, USA. All mice were kept under a circadian
cycle (light:dark'= 12:12h). Females, 8-12 weeks olére mated with males of the same
phenotype. Female mice were checked daily between 8:00 a.m. and 9:00 a.m. for the appearanc
of a vaginal'plug, which indicated 0.5 dagyest coitum (dpc). Females were théoused
separatéy from the males, their weight was monitored, arghin of two or more grams by 12.5
dpc confirmed pregnancy. All procedures were approved by the Institutional Animal Care and
Use Committee (IACUC) at WagnState University (Protocol Né 09-08-12).

Intra-Amniotic Administration of HMGB1

Pregnant B6 mice were anesthetized14.5 dpc by inhalation of 2-3% isoflurane
(Aerrane,Baxter Healthcare Corporation, Deerfield, IL, USA) a@d_Imin of oxygen in an
induction chamber. Anesthesia was maimgdi with a mixture of 1.5-2% isoflurane and 1.5-2
L/min of oxygen.Mice, positioned on a heating pasderestabilized with adhesive tape. Fur
remo\al fram'the abdomen and thoragcurred aftethe application oNair cream (Church &
Dwight'Co.,"Inc:, EwingNJ, USA) to the area. Body temperature wasntaired in the range of
37+1°C and detected with a rectal probe. Respiratory and heart rates were monitored by
electrodes embedded in the heating pad. An ultrasound probe was fixed and mobilized with a
mechanical holder, and the transducer viaslg moved towad the abdomerultrasound-
guided intraamniotic injection oendotoxin-free HMGBL1 (IBL International Corp., Toronto,
ON, CA) at a concentration of 9 Adissolved in 100 pL of sterile 1X phosphate-buffered saline
(PBS Fisher Scientific Bioreagents, Fair Lawn, NJ, U®&7) orin PBS (10QuL; control; n=6

was performed in each amnioiacusing a 30 G x %2 in (0.3 mm x 25 mngedle BD
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PrecisionGlide Needle, Beat®ickinson, Franklin Lakes, NJ, USA) (Figure 1A). The syringe

was s$abilized by a mechanical hold@fisualSonics Inc). Intrmniotic injections 0i5.5 dpc

and 16.5 dpc were natways feasiblelue to thdow volume ofamniotic fluid Following
ultrasoundmice were placed under a heat lamp for recovery, which occurr@® hdin after

heating. On the evening of 17.5 dpc, mice were monitored via video recording using an infrared
camera$ony.Corporation, China) order to determine gestational agelthe rates opreterm

birth, andpupmortality at birth and week one.

Intraperitoneal Administration of HM GB1

Pregnant Bénice wereantraperitoneally injectedith endotoxin-free HMGB1 on 16.5
dpc (Figure 2). The concentration of HMGB1 iserum in cases oéduced fetal movement
rangesrom 10fg/mLto 50 ng/mL'® However, these concentrations are not associated with
spontaneq@us preterm lab8iThein vivo effects of HMGBL1 are observed only wheegreater
amount (10 - @0pg per mouses intraperitoneally injected” Therefore, twalifferent
concentrations were tested 2g (n=4) and 5Qug (n=10) dissolved in 200 uL of PBS. Control
mice were injected with 200 pL of PBS (n=10). Following injectiaite weremonitored via
video recording using an infrared camera (Sony Corporatiaoder to determine gestational

age andhe rates opreterm birth and pupmortality at birth and week one.

Outcome Variables

Gestational age was defined as the time elapsed from the det#dtenvaginal plug
(0.5 dpc) through the delivery of the first pdjhe ate ofpupmortality at birthwas defined as
the percentage of pups found dead antbegotal litter size. Preterm birttas defined as a
delivery occurring biere or on18.5 dpcand itsrate was represented by the percentage of
females delivering preteramong those delivering at term (19.5 = 0.5 dpbk rate opup
mortality at week onevas defined as the number of pups that died before one week of age

among the,total number of pupsrbalive.

Statistical Analysis
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Statistical analyses were performed using SPSS, Version 19.0 (IBM Corporation,
Armonk, NY, USA).The following tests were performed to compare differences betthieen
groups:the MannWhitney Utest forgestational aget-testfor pup weighta Fisher's exadest
for the rates of preterm birtand a dgistic regressiomodelfor the rate®f pupmortality. A p

value 0f0.05 was considered statistically significant.

RESULTS

The frequency opretermlaborbirth was higheafter an mtraamniotic injection of
HMBGL1 (9 ng/100uL) thafollowing the intraamniotic injection oPBS[HMGB1 57% (4/7)
vs. PBS 0%(0/6); p=0.049Figure 1B].Pregnant nce injected with HMGB1 had shorter
gestationalage than mice injected with RB®GB1 18.7+0.3 dpass. PBS19.45+0.3 dpc;
p=0.00% Figure 1G. Intraaamniotic injection of HMGBWwas associated with a modé@strease
in pupmortality at birth,butthis did not reach statistical significanffleMGB1 14.5+9.3%
(7/48)vs. PBS9.5+8.4% (4/42)Figure 1D]. In additionintra-amniotic injection of HMGBwas
associated with amcreased rate gfup death by the age of one weklMGB1 60.9£11.76
(25/41)vs:PBS28.9+12.6% (11/38); p=0.0®igure 1E]. No differences between groups were
observedn_pupweight (Figure 1F).

Intraperitoneal injection of HMGBR0ug/200uL (data not shown) or 50 pg/200uL] did
not induce preterm labor/birfiMGB1 0% (©/10)vs. PBS 0%(0/10);, Figure 2B], and all
injected mice.delivered at term (Figure 2B and 2@japeitonealinjection of HMBG1had no
effect onthe pup viability at birtlsincemost of the pups were born alive (Figure 2D). However,
intraperitoneal‘injection of HMGBL1 increased the ratpugmortality at week ongHMGB1
32.4+9.4%6(23/71)vs. PBS 137.4% (9/69) p=0.01; Figure 2E No differences between groups
were observed in pup weight (Figure 2F).

DISCUSSION

The study herein demonstrates timlita-amniotic administration diIMGB1, givenin
doses similar tothatobserved in thamniotic fluid of patients with sterile inti@mniotic
inflammation who underwent spontanequsterm laborf,can result irpretermlaborbirth in
mice.In contrast, intraperitoneal injeon of HMGB1atan even higher concentration does not

cause preterdaborhbirth. Thisfinding providesevidence thaanalarmin-HMGB1- can induce
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premature labor, and therefar&ay be involved in signaling parturition in the contexstdrile
intra-amniotic inflammation®

Theetiology ofsterile intraamniotic inflammations unknown yet, this clinical
condition has been associated vétielevated concentratioof HMGB1in theamniotic fluid®
Herein, wedemonstrated thantra-amniotic injection of HMGBL1 induces preterm binithereas
intraperitoneal.injection & muchhigher concentratioraf increase ot300 or 790-fold per
mouse)failed.to.produce the same effethe effect of HMGBL1 is probably mediated through
action on the amnion, as HMGHd. stronglyimmundocalizedin amnion epithelial cellbut
wely presentm the chorioamnioticonnective tissue layend infiltrating leukocyte¥

In summary, the data herein show that irsnaniotic injection of HMGBIcan induce
pretermlabor/birth. This finding supports the concept that alarramresmplicated in the
mechanisms gbarturition in steriléntra-amnioticinflammation Further research is needed in
order toinvestigate the immune mechanisms whereby HM@Bhe amniott cavityinduces

spontaneous preterm labor.
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FIGURE EEGENDS

Figuredal ntra-amniotic injection of HMGB1. A) On 14.5 dpc, pregnant mice were
intra-amnioticallyinjected withHMGB1 (9 ng/100 pL; n=7) or PBS (100 pL; n=6), using 3D
ultrasound, and mice were video-monéduntil delivery. (B) Rite of preterm birth(C)
Gestationabge. (D) Rite ofpupmortality at birth (E) Rate ofpup mortality at week ong(F)
Pupweight.

Figure 2. Intraperitoneal injection of HMGB1. A) On 16.5 dpc, pregnant mice were
intraperitoneallyinjected withHMGB1 (50 pg/200 pL; n=10) or PBS (200 uL; n=10) and video-
monitoreduntil delivery. (B)Rate of preterm birth(C) Gestationadge. (D) Rite d pup
mortality at birth (E) Rate ofpupmortality at week one(F) Pupweight.
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