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PTB 2012 World health report and 2014 NCHS-USA
Increased special education needs 

with preterm birth 
(PMID20543995 MacKay et al 2010)

(PMID26460599 Martin et al 2014)  



Closed then open case for timing of  birth?

Tucker and McGuire, BMJ 18;329, 2004

Presenter
Presentation Notes
Patient goes to Ob: When will my baby be born?Ob: About 40 wks from last menstrual period but call me when contractions 	are at 5 min intervals!No diagnostic tests for timing of birth.  Although bacterial vaginosis is associated with preterm labor, little recourse to arrest premature delivery.  Estimated 50% of preterm births have evidence of infection (AF/mem/tiss).  Before labor: closed cervix w/cap, small forebag, typical stage for Cesariean sectionTerm labor: Cx breach, pronounced sealed forebag, Ut contractions. Opsjon et al (AJOG 1993) IL-1-, IL-6, & TNFa have similar patterns but lower in normal parturition than in preterm birth.  These cytokines stim PG production by placenta (Halgunset et al Eur J Ob Gyn 1994).  Esch produced by or acts on UT M0. Preterm labor: Cx breach, open forebag, Ut contractions; M0 products, IL-1beta & IL-6, associated w/preterm infection (Dudley et al 1992).  IL-1beta decreases activity of PGDH (inactive PG metabolites) and promotes PGE2 & PGF2alpha (Challis talk, rev Whittle etal 2001).Real question that has yet to answered is whether infection is a 		    cause or consequence of preterm labor.Transition to well recognized phenomenon that the womb is an immunologically favored environment for fetal development. Fetus is an allograft.  Placenta is arguably the last organ to differentiate in female human.  Next to last is the CL of the menstrual cycle; inflammatory Rx by invading immune cells leads to acute rejection and regression.
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26608218

Picrosirius red-stained collagen and optical density analysis of  cervix biopsies from 
nonpregnant (NP), pregnant and immediately postpartum women
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Figure 2. Picrosirius red-stained sections of cervix biopsies from women that were nonpregnant(NP, patient N8), term not in labor (TNL, patient N17), preterm labor (PTL, patient 301), andterm labor (TL, patient 202). Biopsy morphology typically consisted of luminal epithelium (farleft) with blood vessels and gland throughout Center subregion. Red intensity reflectsbirefringence of collagen content and fiber structure. Scale bars = 500μm. Black and whitesnapshots of polarized light from Center stroma subregion reflect birefringence of extracellularcollagen from each group. Variations from black to light reflect sparse to dense collagen andcross-linked structure. Analysis of photomicrographs (8-9 snapshots = 3.76x106 um3) with NIHImageJ with the Rodbard transformation quantified the inverse relationship between opticaldensity and extracellular collagen content and structure (see Methods for details of analyses).Scale bars = 50μm. ap<0.05 Kruskal-Wallis with Dunn’s test versus NP group.



Rodent female reproductive tract

D17.5 D21.5
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Add box around Cx to define area of analysis (larger in prepartum preg)Mouse model:�C3H/HeN mouse model established 20 years ago by Romero’s group.  Solid baseline information about endocrinology of pregnancy and timing of birth, but no information about uterine contractile activity leading up to parturition. My student at the time, Ari Mackler, in collaboration with Dr. Charles Ducsay set out to define the progression of uterine contractile activity by the mouse uterus during the period before and after birth.Strips of mid-antimesometrial uterus, intact with endometrium and myometrium, were suspended on a tension transducer in vitro.  After a 1-h period of equilibration, basal and contractile activity and responses contractile agonists were recorded.



Characteristics of  cervix remodeling in mice

PMID18003949,19087974,21613631
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Presentation Notes
a vs NP, b vs D152 way Anova Outputs:CD1 Internal Comparison: Day 15 and Day 17 are significantly different from each other. Also, the two way ANOVA returned that the two experiments are different from each other, even when we remove NP and D15 (which are the most variable). 918 v 409: 15, 18, pp are all different. Also, the two way ANOVA returned that the two strains are different from each other.909-1 v 409: only 18 is different. Interaction is not significant, but experiemnt is significant. 



Mφ increase in the murine prepartum cervix
NP d15

d18 PP
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CD54=ICAM-1 as marker for M0 activation Leenan et al J Immunol Meth 1994; Goebeler et al Immunobiol 1993; Ledingham et al Obstet Gyn 2001).



Day of birth
Mid-PregnancyLate Pregnancy

Cervix stroma hypertrophy with pregnancy



Translational analyses of  cervix biospies in women

PMID26608218
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Figure 3. Left. Scan of cervix biopsy section from a woman in the PTL groups (patient 321).Subepithelium and Center subregions were delineated by the dashed line (500 μm from innerluminal cell layer). At or near the cut edges of the biopsy, few cell nuclei and abundance ofextracellular red blood cells precluded analyses for density of cells. In other regions, nonoverlappingsnapshots were taken (6 boxes green highlight = 7.5x106 μm3), to count cell nucleiand macrophages as described in Methods. Right. Snapshots (20x) of Subepithelium and Centersubregions from scans of sections from a cervix biopsy from women in non-pregnant (NP), termnot in labor (TNL), preterm labor (PTL), and term labor (TL) groups. Methyl greencounterstained cell nuclei and brown DAB-stained CD68 macrophages from each subregionLuminal cells appear in bottom left corners of Subepithelium snapshots. Scale bars = 25μm.



Hypertrophy and increase in resident Mφs in prepartum human cervix

PMID26608218
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Figure 4. Mean (±SE) density of cell nuclei (CN) per volume and density of macrophages (Mφ)normalized to CN in cervix biopsies from women that were nonpregnant (NP; n=3), term not inlabor (TNL; n=7), preterm labor (PTL; n=9), and term in labor (TL; n=9). ap<0.05 one-wayANOVA with Dunnett’s test versus NP group.
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F4/80 CD11b CD206 CD209b CCR7 CD163 CD147

Confocal images of  activation markers in Mφ phenotypes
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Figure X. Colocalization was observed in five of seven markers tested. F4/80 and CD209b showed complete colocalization with Csf1R, MacGreen macrophages. Although colocalization was observed in every marked Csf1R Mφ, not every CD11b positive cell was also GFP tagged (red circles show single label). Most cells were colocalizated for CD206 and Csf1R, with few instances of individual Csf1R MΦs observed.  No colocalization was observed in CD147 cells. No CD163 cells were labeled in the cervix at all. Green arrows represent single labeled Csf1R GFP MΦs and red circles represent single labeled cells of the designated marker, while white arrows represent examples of colocalized cells. Red fluorescent stain represents the designated marker, green fluorescent stain represents Csf1R tagged MacGreen MΦs, and blue represents DAPI cell nuclei. Scale bar = 25 um. 



Association of  Macrophage Phenotypes in Cervix Remodeling 

Flow cytometry gating strategy to identify leukocyte populations
Kimberly Payne Ph.D., Associate Professor of  Human Anatomy, CHDMM
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2 Flow Cytometers available3 lasers, 2 scatter and 8 fluorescent channelsReads flow tubes, 96 well plates, microtiter platesEfficient identification of major cell types:dendriticendothelial progenitorcancer stemcytokine-secretingantigen-specific T cellscirculating tumor



Intercellular signaling
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Final common pathway for cervix remodeling at term 
and with preterm birth



Steven M. Yellon Ph.D.,  Administrative Director
Sean M. Wilson Ph.D., Technical Director
Monica Romero, Core Facility Manager

Medical Research Wing Room A522, x15807
http://medicine.llu.edu/research/core-facilities/advanced-imaging-and-microscopy-core



Drs. Steven Yellon, Sean Wilson, and Lawrence D. Longo at the 
opening of the Advanced Imaging & Microscopy Facility.



LLUSM AIM Vision 

To serve the Mission of Loma Linda University, 
the core facility will meet the educational, 

training, and research needs of students and 
investigators with advanced systems to capture 

and analyze microscopic images.



Laser Scanning Confocal Microscopes

Olympus FV1000

Zeiss N710
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Olympus FV1000 Laser Scanning Confocal Microscope with multiple laser lines and objectives. The system has a Violet (405 nm); Argon Multiline laser (458, 488, 515 nm); Green laser (561 nm); and Red laser (633 nm); as well as a mercury arc-lamp for epifluorescence. The system has two PMT detectors with adjustable spectral detection (CHS1 and CHS2) and two additional PMTs with fixed wavelength detection (CH3 - BA585-615 or BA585-685 or BA 655-755; CH4 - BA 655-755) as well as a transmitted-light PMT detector (TD1)



Zeiss Axio Imager A1

Brightfield and epifluorescence microscopes

Nikon Optiphot
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Presentation Notes
The core has a Zeiss Axio Imager A1 upright microscope with multiple objectives (4X, 10X, 20X, 40X, 100X), and an HBO lamp source. For fluorescence, the microscope is equipped with Zeiss filter set 17 (excitation: BP 485/20nm, emission: BP 515-565nm), filter set 20 (excitation: BP 546/12nm, emission: BP 575-640nm), filter set 49 (excitation: G 365nm, emission: BP 445/50nm), and filter set 50 (excitation: BP 640/30nm, emission: BP 690/50nm). Additionally, the microscope is equipped with a motorized X-Y-Z stage (Applied Scientific) Three Axis Stage Controller for use with closed loop D.C. Servo motor stages, and Z-axis drive.  The microscope is fitted with a Firewire 800Mbps Digital Color Camera System. 2448(H) x 2048(V) display and 3.45 x 3.45 (um) pixel size and 5.0MP pixels for superior resolution and Stereologer software for state-of-the-art unbiased cell/object counting, branching, and volume metrics. FIJI (ImageJ-based) image acquisition software with extensive plug-ins is available for analysis and post-hoc image processing.  The core also has a Nikon Optiphot brightfield/ epifluorescence microscope with multiple objectives (10x, 20x, 40x, 100x Oil), and a HBO 100W lamp source. For fluorescence, the microscope is equipped with Nikon filter set DM400 (UV-2a), DM430 (V-1A), DM510 (BA 580), and DM580 (G-1A, BA 580). The microscope only has the option to do double stain imaging. For image capturing, the microscope is fitted with a Spot Pursuit 4MP digital camera that is used together with Spot 5.1 Advanced digital imaging software. Image Pro Plus 6.3 software for image analysis of fluorescent-labeled samples is also available.



Macrophage density in cervix biopsies from nonpregnant and 
prepartum women at term and with preterm birth- use of  Stereologer
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PMID26608218
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Figure 1. Systemic progesterone across species and remodeling of the rodent cervix. The change in hormonal and biomechanical properties over pregnancy is related across species. Serum progesterone (top) follows a distinct peak and drop in both rodents and humans. Various biomechanical properties studied include cell nuclei density, break point, and collagen-related measurements, including hydroxyproline content and optical density. Hydroxyproline content and cell nuclei density decrease over pregnancy, while optical density and break point peak in late pregnancy and dip during cervical remodeling (bottom). 



The core facility has a Zeiss stereomicroscope and 
halogen light source for tissue and imaging chamber 
preparation.

Zeiss stereomicroscope and halogen light source 



 Stereologer   
unbiased image analysis

 Imaris
tracking and analysis of cells 
and organelles, tracking of 
cell division, lineage analysis, 
rotational and translational 
drift correction, angle 
measurements, a wide range 
of plugins (XTensions) and 
advanced interactive plotting
http://www.bitplane.com/

Work stations and Image analyses systems 
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The core facility has three offline analysis systems. One is equipped with a Dell Dimension Computer and fully functional copy of Zeiss Zen software, and Image J. In addition, the facility has a second copy of Image Pro plus 6.3 on a dedicated analysis computer.
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Assessment extracellular collagen structure and content in cervix 
by TEM and birefringence of  picrosirius red stain

PMIDs 16325747,26608218
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Central interfibrillary distance and peripheral interfibrillary distance are greater in the ripened cervix as determined by EM. There is also a decrease in birefringence in the ripened cervix, indicating that PSR is able to reflect structural changes of the ECM associated with cervical ripening.
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