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Abstract

Remodeling of the cervix occurs in advance of labor both at term and at preterm birth. Morphological characteristics associated
with remodeling in rodents were assessed in cervix biopsies from women at term (39 weeks’ gestation) and preterm (<33 weeks’
gestation). Collagen | and Il messenger RNA and hydroxyproline concentrations declined in cervix biopsies from women in labor
at term and preterm compared to that in the cervix from nonlaboring women. Extracellular collagen was more degraded in
sections of cervix from women at term, based on optical density of picrosirius red stain, versus that in biopsies from nonpregnant
women. However, collagen structure was unchanged in the cervix from women at preterm labor versus the nonpregnant group.
As an indication of inflammation, cell nuclei density was decreased in cervix biopsies from pregnant women irrespective of labor
compared to the nonpregnant group. Moreover, CD68-stained macrophages increased to an equivalent extent in cervix sub-
epithelium and stroma from groups in labor, both at term and preterm, as well as in women not in labor at term. Evidence for a
similar inflammatory process in the remodeled cervix of women at term and preterm birth parallels results in rodent models.
Thus, a conserved final common mechanism involving macrophages and inflammation may characterize the transition to a ripe
cervix before birth at term and in advance of premature birth.
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Compared to studies of human cervix biopsy tissue, com-
mon structural remodeling features of the cervix have been
reported in rodents.'*'® In addition to a shift in biomechanical
properties to a more distensible and elastic phenotype,'’

Introduction

Preterm birth (PTB) is a leading cause of neonatal mortality
and morbidity.! Although the mechanism that initiates labor
both preterm and at term is multifactorial,>* remodeling of the
cervix occurs throughout pregnancy and accelerates well
before increases in prepartum uterine contractile activity.*
Early in pregnancy, up to 85% of the extracellular matrix
(ECM) of the cervix is composed of densely structured col-
lagen, predominantly type I,” whereas smooth muscle may be
4% to 5% distally and 10% in the inner meatus.® As the third
trimester progresses, softening of the cervix is characterized by
decreases in collagen content and more diffusely dissociated
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cross-linking of fibrils in the ECM.'® As remodeling continues,
water content increases along with the ability to extract col-
lagen from cervix tissue.''"'> Although evidence suggests that
continued degradation of collagen, reduced cross-linking, and
changes in proteoglycans enhance pliability of the cervix, less
is known about the morphological characterization of this pro-
cess leading up to term.'?
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Table I. Patient Characteristics for mRNA and Hydroxyproline Analyses in Cervix Biopsies From Women With PTNL, TNL, PTL, and TL.

PTNL TNL PTL TL
Number of patients 6 I 13 I
Age (range), years 31 (27-35) 30 (25-39) 30 (18-39) 30 (23-39)
Parity (range) I (0-3) I (0-2) I (0-3) I (0-3)
Prior preterm birth | | 2 0
Prior cesarean section 0 6 3 2
Weeks of gestation (range) 30 (26-36) 39 (37-40) 33 (26-36) 39 (37-42)

Days of gestation (range) 209 (183-256)

270 (263-284)

233 (186-255) 279 (259-294)

Abbreviations: mMRNA, messenger RNA; PTL, preterm spontaneous vaginal delivery; PTNL, preterm elective cesarean section; TL, term spontaneous vaginal

delivery; TNL, term elective cesarean section.

elongation of the cervix is associated with reduced density of
cell nuclei (CN) as pregnancy nears term.'* Apoptosis of cells
does not account for fewer cells/area of cervix prior to the onset
of labor,'*2° rather ECM degradation, evidence for hypertro-
phy of cells, and lengthening of the cervix occur several days
before labor and birth. Moreover, increases in macrophages
(Mos)/area characterize the progress of cervical remodeling,
leading up to term,?"* as well as in PTB induced by inflamma-
tion”® or after progesterone receptor (PR) antagonist treatment.>*
Whether the density of CN declines in the cervix of pregnant
women at term or during remodeling before PTB is not known.

Indeed, at term, more immune cells per microscopic field
have been reported in women in labor compared to nonlaboring
women.”> This observation is consistent with the concept that
prepartum remodeling of the cervix reflects an inflammatory
process.'>?%?® Elevated proinflammatory cytokines as well
as increased activity by matrix metalloproteinases (messenger
RNA [mMRNA] and protein) also occur in the prepartum cervix
even when infection is not apparent.?’-*® Although an increased
presence of neutrophils and Ms is indicated in cervical biop-
sies from women at term in labor (TL) compared to those not in
labor,?>-** little is known about the presence of leukocytes
in the cervix of women at risk for PTB or in preterm labor
(PTL).' However, observations of stained immune cells in
microscopic fields of view of human cervix biopsies do not
account for morphological heterogeneity (vascularity, glands,
etc) or subregional variability in size of cells that accompany
the biopsy or remodeling process. Thus, whether the census
of Mes differs in the peripartum cervix of women at term or
with PTL is not known. In the present study, we tested the
hypothesis that reduced collagen-related gene expression,
morphometric characteristics of the remodeling process, and
increased presence of Mes are advanced to the same extent
in the cervix of women with PTL as occurs at term.

Methods

Patients and Cervix Biopsy

All procedures were approved by the local ethics committee of
Karolinska Institute (Reference no 97-089 and 04-637/4), and
each participant provided informed consent. Immediately fol-
lowing vaginal delivery or cesarean section, a biopsy was taken

transvaginally from the anterior lip of the cervix at the
12-0’clock position with scissors and tweezers.?”*** Women
with diagnoses of preeclampsia, diabetes, endometriosis, or
systemic diseases related to infection were excluded from the
study. None of the women presented with cervical dysplasia.
There were no significant differences between these groups
of women in maternal age, parity, previous PTBs, or previous
cesarean sections.

Collagen RNA Expression and Hydroxyproline Analysis

A cervix biopsy was obtained from 6 women delivered preterm
prior to the onset of labor by cesarean section (PTNL),
11 women delivered at term by cesarean section prior to the
onset of labor (TNL), 13 with PTL, and 11 at TL. Biopsies were
not available for nonpregnant women in this study. Patient
demographics are in Table 1. Participants in the PTNL group
presented with evidence of placental abruption or intrauterine
growth retardation. In 4 of these patients, betamethasone was
given from 6 hours to 6 days before the cervix biopsy was
taken, 3 patients received a single dose, whereas 1 patient
received this corticosteroid treatment once each week for
4 weeks. Patients in the PTL and TL groups were in active
labor and demonstrated a ripe cervix, with dilatation more than
4 cm, and cervix biopsies were taken directly after vaginal
delivery. In the PTL group, 3 patients received a dose of beta-
methasone at least 6 hours before the cervix biopsy was
obtained. Women in the PTNL and TNL groups had an unripe
cervix with a Bishop score of <5 and were delivered by cesar-
ean section before the onset of labor. The indications for cesar-
ean section in the TNL group were breech presentation, prior
cesarean section, disproportion, or humanitarian considerations
of maternal distress related to vaginal delivery as in our previ-
ous reports.

Tissues were immediately frozen in liquid nitrogen and
stored at —70°C for later analyses. Frozen tissue was cut into
small slices on a block of dry ice and transferred to a prechilled
(liquid nitrogen) capsule containing Teflon-coated tungsten
balls. The capsule was kept in liquid nitrogen for 2 minutes and
thereafter shaken in a dismembranation apparatus (Retsch KG,
Haan, Germany) at full speed for 2 minutes. The procedure was
repeated after intermediated freezing in liquid nitrogen until
tissue was pulverized. Total RNA was extracted using the
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Table 2. Specifications of mMRNA Species, Primer Sequences, PCR Annealing Temperature, and Product Size.

mRNA 5’ Primer 3’ Primer C Size (bp)
28S GTGCAGATCTTGGTGGTAGTAGC AGAGCCAATCCTTATCCCGAAGTT 58 552
Collagen | GTGAAAATGGAGCTCCTGGT GAGCACCATTGGCACCTTTA 59 310
Collagen I CTGAACTCAAGAGTGGAGAA TCAGCCTTGAATTCACCTTC 59 399

Abbreviations: bp, base pair; mRNA, messenger RNA; PCR, polymerase chain reaction.

Table 3. Patient Characteristics for Inmunohistochemistry Study of Cervix Biopsy Sections From Women Who Were NP, TNL, PTL, and TL.

NP TNL PTL TL
Number of patients 3 7 9 9
Age (range), years 44 (37-49) 33 (26-39) 34 (29-38) 30 (23-40)
Parity (range) 0 I (0-2) 0 (0-1) 0 (0-1)
Prior preterm birth 0 0 I 0
Prior cesarean section 0 | 0 0
Weeks of gestation (range) 0 39 (37-39) 33 (26-36) 39 (38-41)
Days of gestation (range) 0 271 (264-278) 233 (187-251) 280 (271-287)

Abbreviations: NP, nonpregnant; PTL, women at preterm spontaneous vaginal delivery; TL, women at term with spontaneous vaginal delivery; TNL, women who

delivered via cesarean section prior to labor.

TRIzol reagent (Invitrogen, Carlsbad, California) according to
the manufacturer’s instructions and stored at —70°C. For anal-
ysis of RNA concentration, 1 pg of total RNA was used for
the reverse transcription reaction, and complementary DNA
(cDNA) was stored at —70°C prior to use. The assay was
completed using SuperScript RNase H™ reverse transcriptase
(Invitrogen) as described previously?’ and was performed by
Eppendorf BioPhotometer (Germany). All samples had an
0OD260-0D280 ratio >1.7.

Reverse transcription—polymerase chain reaction analysis
was performed for 3 genes: housekeeping gene 28S, collagen
type I, and collagen type III (Roche LightCycler, Germany).
Sequences for primers are presented in Table 2. All the compo-
nents for reactions were supplied in the LightCycler DNA
Master SYBR Green I kit (Roche, Germany). Dilutions of
the housekeeping gene were performed using 2 pL at 1:10,
1:100, 1:1000, whereas samples were diluted using 2 pL at
1:10 with sterile water. To individual LightCycler glass capil-
lary tubes with respective dilutions, a reaction mixture was
added that consisted of 2 pL. “hot start” (FastStart Taqg DNA
polymerase, reaction buffer, deoxynucleotide mix, and SYBR
Green I dye, Roche, Germany), 3.2 pL of MgCl, (5 mmol/
L), 0.8 uL (5 umol/L) of 28S specific primer (sense and anti-
sense), and adjusted volume of polymerase chain reaction
(PCR) grade water (in this case 11.2 uL) to make the total reac-
tion volume of 20 uL. Capillaries were sealed and centrifuged.
Forty-five cycles of PCR (15 seconds of denaturation at 95°C,
10 seconds of annealing at 58°C, 20 seconds of extension at
72°C, and 5 seconds at 80°C) were run to ensure that the cross-
ing point (cycle number) was attained even for the highest dilu-
tions of standard cDNA. Fluorescence emission values were
automatically monitored following each PCR cycle. Immedi-
ately after completion of cycling, the melting curve analysis
(raising the sample temperature from 60°C to 98°C with

constant monitoring of fluorescence emission) was carried out
to control for the specificity of the PCR products obtained. For
collagen I and III PCR, the mixture consisted of 2 pL hot start
mix, 2.4 uL (4 mmol/L) of MgCl,, 0.4 pL (10 pmol/L) of col-
lagen I or collagen III specific primer (sense and antisense),
and adjusted volume of PCR grade water (12.8 pL). The
annealing temperature for the PCR run was 59°C. Other condi-
tions were the same as described previously. The size of PCR
products was estimated by 1.5% agarose gel electrophoresis.
The quantity of collagen I and collagen III mRNA was normal-
ized to the 28S housekeeping gene.

For collagen determination, each frozen biopsy (<2 mm)
was minced, delipidated with acetone (0.5 mL), and extracted
3 times each with 1 mL of 0.5 mol/L acetic acid and
0.5 mol/L of acetic acid containing pepsin (1 mg/mL). Extracts
were centrifuged (1 hour, 20 000 g at 4°C), hydrolyzed in 2 mL
6 mol/L HCl at 100°C for 17 hours, lyophilized, and hydroxy-
proline analyzed as described previously.''-*

Collagen Stain, M@ Immunohistochemistry,
and Morphometric Analyses

Cervix biopsies were available for histological analyses from
4 groups of women, that is, nonpregnant women undergoing
hysterectomy due to benign conditions such as myomas (NP,
n = 4), at term delivered by cesarean section prior to the onset
of labor (TNL, n = 7), preterm in labor (PTL, n =9), and at TL
(n =9). Nonpregnant women had no history of cervix dysplasia
and no hormone replacement therapy or other hormonal treat-
ment. Women in the TNL group had an unripe cervix with a
Bishop score of <5 and were delivered by cesarean section for
reasons described previously. Women in the PTL and TL
groups were in active labor, and cervical biopsy was taken
directly after vaginal delivery. Patient information is provided
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in Table 3. Immediately after biopsy, tissue was rinsed in phy-
siological saline, immersion fixed in 4% formaldehyde for up
to 24 hours, and transferred to 70% ethanol until embedded
in paraffin. Sections were cut at 10 pm and stained with picro-
sirius red (PSR) dye, and optical density (OD) was analyzed to
assess collagen content and cross-link structure.>® Briefly,
8 nonoverlapping polarized black and white photomicrographs
were taken of the center portion of 2 nonadjacent sections from
each cervix biopsy (1.25 x 10° um?®, Spot 4 Mp Pursuit Camera
PR1640 [Diagnostic Instruments, Inc., Sterling Heights, MI,
USA] on a Zeiss Axio Imager microscope, Thornwood, NY,
USA), and images were analyzed as described previously.**
Other sections were processed by immunohistochemistry with
antigen retrieval (2-minute proteinase K; Dako North America,
Carpinteria, California) to visualize CD68-stained Mos (1:50
for 90 minutes; Dako and ABC kit; Vector Lab, Burlingame,
California) and counterstained with methyl green to visualize
CN. Sections lacking primary antibody incubation served as the
negative control for each group of tissue stained. Following
dehydration, sections were coverslipped and 8 photomicro-
graphs taken in each of both the subepithelium and center sub-
regions (1.25 x 10° pm3/subregion). To ensure the most
representative analysis of each photomicrograph, care was
taken to avoid areas containing experimental artifacts such as
tissue tearing, as well as blood vessels. Images were analyzed
using the cell counter plugin as part of ImageJ.>> Macrophages
were counted if they had a dark brown 3,3’-diaminobenzidine
(DAB) reaction product in a well-defined area associated with
methyl green-stained CN.

Statistical Analysis

Data for collagen (OD of PSR stain birefringence) and Mo
numbers/area were normalized to CN/area to account for
hypertrophy, edema, and morphological variability among sec-
tions and individuals as in previous studies of rodents,?*-*33-3
Areas of analysis in sections from each cervix biopsy were
empirically determined to accurately reflect the average OD
and cell densities. Data were analyzed by analysis of variance
(ANOVA) with Dunnett test for individual comparisons com-
pared to NP controls or by the Kruskal-Wallis test with Dunn
for multiple comparisons (Prizm 5.01; GraphPad Software Inc,
California). For both tests, P < .05 was considered significant.

Results

Collagen mRNA Expression and Hydroxyproline
Concentrations

Collagen I and IIl mRNAs were not different in cervix biopsies
from women not in labor, whether preterm or at term (Figure 1;
P> .05, PTNL = TNL). However, women in the PTL and TL
groups had reduced levels of collagen I and III compared to the
TNL group (P <.05). Across groups, only the ratio of collagen I-
IIT was increased for the PTL versus PTNL group. The dimin-
ished mRNA for collagen I and III in groups of women in labor
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Figure 1. Expression of messenger RNAs (mRNAs) encoding
collagen | and lll, ratio of collagen I-lIl mRNA, and hydroxyproline

concentrations (g/mg wet weight, mean + standard error [SE]) in
cervix biopsies from pregnant women who were preterm not in labor
(PNTL, n = 5-6), at term not in labor (TNL, n = 8-11), preterm in
labor (PTL, n = 13), or at term in labor (TL, n = 8-11). Cervix biopsies
were obtained at cesarean section (details in Methods). P < .05,
Kruskal-Wallis with Dunn test for individual comparisons versus
*PTNL or °TNL group.

was accompanied by reduced soluble collagen as indicated by
lower hydroxyproline concentrations in the PTL and TL groups
compared to that in cervix biopsies from PTNL women.

Collagen Content and Structure

Size and morphology of cervix biopsies varied across individ-
uals and groups. The heterogeneous morphology in sections
was most evident when stained for collagen (Figure 2 shows
photomicrographs of PSR-stained cervix and transformed
photomicrographs analyzed for OD). Blood vessels and glands
were abundant in biopsies but smaller in cervix from NP com-
pared to pregnant women. Methods established in rodents indi-
cate an inverse relationship between OD of birefringence of
polarized light and collagen content and structure. With this
approach to analyze cervix biopsy sections, OD increased in
the center stromal region from pregnant versus NP women. The
OD of cervix sections from TNL and TL women was greater
than in the NP group (P < .05, ANOVA). No statistical differ-
ences in collagen content and structure were evident in sections
of cervix among other groups of women whether at term or pre-
term, irrespective of labor.

Density of CN and Ms

Although morphology of biopsies varied, common characteristics
included luminal epithelial cell layers, a subepithelium that tran-
sitioned into a more vascularized center area with glands, and
areas along cut edges with extravascular erythrocytes (Figure 3,
left panel). Photomicrographs were taken within the subepithe-
lium and center areas to count methyl green-counterstained CN
and CD68 Mes with dark brown DAB deposits associated
with CN (Figure 3, right panels). Macrophages in biopsy tissue
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NP

TNL PTL TL

Figure 2. Picrosirius red-stained sections of cervix biopsies from women who were nonpregnant (NP, patient N8), term not in labor (TNL,
patient N17), preterm labor (PTL, patient 301), and term labor (TL, patient 202). Biopsy morphology typically consisted of luminal epithelium
(far left) with blood vessels and gland throughout center subregion. Red intensity reflects birefringence of collagen content and fiber structure.
Scale bars = 500 pm. Black and white photomicrographs of polarized light from center stroma subregion reflect birefringence of extracellular
collagen from each group. Variations from black to light reflect sparse to dense collagen and cross-linked structure. Analysis of photomicro-
graphs (8-9 photomicrographs = 3.76 x 10° pm3) with NIH Image] with the Rodbard transformation quantified the inverse relationship between
optical density (OD) and extracellular collagen content and structure (see Methods for details of analyses). Scale bars = 50 pm. P < .05, Kruskal-

Wallis with Dunn test versus the NP group.

from NP women were sparse in subepithelial and center
regions, but in pregnant women, M@s were more abundant
throughout the tissue and present within blood vessels.

In nonoverlapping photomicrographs that were taken to
exclude cell-sparse areas and specific structures (glands, blood
vessels, and tissue tears), CN density decreased with pregnancy,
significantly so for the TNL and TL groups compared to that in
NP women (Figure 4, top; P <.05, ANOVA). No difference was
evident in CN/area among TNL, PTL, or TL groups. These same
differences were found in subepithelium and center regions (data
not shown). Although the present data set was normally distribu-
ted (P > .05, Levine test), further analyses of the mean, not
normalized to CN, as well as the median interquartile range/
high-power field, as done by Osman et al*®, indicated no signifi-
cant differences among TNL, PTL, and TL groups in the study (P
> .1 ANOVA and Kruskal-Wallis).

Using the same approach as in rodent studies to account
for variations in cellular morphology across sections and

individuals (detailed in Methods), the density of M@s increased
in the cervix of women in PTL, as well as at term irrespective
of labor (Figure 4, bottom; P < .05 NP < TNL = PTL = TL).
Analysis of the median interquartile range of M@ numbers/
high-power field was also not significant among TNL, TL, and
PTL groups (median/range: 24/17-24, 27/19-48, and 39/28-55,
respectively; P > .05 Kruskal-Wallis with Dunn test). Macro-
phages density was not different among pregnant women in
PTL and at term whether or not in labor. Analysis of subregions
indicated these same differences among groups for M¢ density
in the center region, but variability precluded significance in
the subepithelium of cervix.

Discussion

The present study determined that remodeling processes in the
peripartum cervix of women share specific characteristics asso-
ciated with restructuring of the cervix in rodents as pregnancy
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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 deli-
neated by the dashed line (500 pm from inner luminal cell layer). At or near the cut edges of the biopsy, few cell nuclei and abundance of extra-
cellular red blood cells precluded analyses for density of cells. In other regions, nonoverlapping photomicrographs were taken (6 boxes green
highlight = 7.5 x 10° um®) to count cell nuclei and macrophages (M@s) as described in Methods. Right, Photomicrographs (20x) of subepithe-
lium and center subregions from scans of sections from a cervix biopsy from women in the nonpregnant (NP), term not in labor (TNL), preterm
labor (PTL), and term labor (TL) groups. Methyl green-counterstained cell nuclei and brown 3,3’-diaminobenzidine (DAB)-stained CD68 M¢s
from each subregion luminal cells appear in bottom left corners of subepithelium photomicrographs. Scale bars = 25 pum.

nears term. Analyses indicate for the first time that the CN den-
sity of the cervix, that is, CN/area, declined in groups at term
irrespective of labor, compared to that in nonpregnant women.
Fewer cells in a comparable cervix biopsy area in term groups
compared to nonpregnant women are suggestive of increase
size of cells in the stroma or expansion of the ECM. Evidence
for ECM collagen degradation in laboring tissues at term is
indicated by reduced hydroxyproline and decreased collagen
types I and IIIl mRNA in the present study. These findings are
consistent with reports of enhanced collagenases and metallo-
proteinases, both mRNA and protein, in the peripartum cer-
vix,'*337 rather than apoptosis reducing CN density of cells
in the prepartum cervix.'®'? In rodents, similar remodeling
characteristics are found about 3 to 5 days before the day of
birth in the cervix from pregnant mice and rats***> along with
reduced tensile strength.>® However, in contrast to rodents

where structural changes result in a lengthening of the prepar-
tum cervix, the cervix in pregnant women does not appear to
lengthen near term,*® Ekman-Ordeberg personal observations.
Evidence for expansion of the cervix with reduced collagen
content and structure raises the possibility that lateral stretching
and thinning increase the width (diameter) of the preterm cer-
viX in women to maintain as closed an internal Os as possible
during the transition from remodeling to ripening. With respect
to morphological observation by Leppert et al,*’ the present
findings suggest that CN density may reflect processes associ-
ated with ECM degradation and expansion of cells in the cervix
of women as in other species at term.

To further characterize the remodeling process, use of picro-
sirius dye indicated that collagen content and structure is
reduced in cervix biopsies from women at term. Increased
OD of PSR-stained birefringence is consistent with the decline
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Figure 4. Mean (+standard error [SE]) density of cell nuclei (CN)
per volume and density of macrophages (M@s) normalized to CN in
cervix biopsies from women who were nonpregnant (NP; n = 3), term
not in labor (TNL; n = 7), preterm labor (PTL; n = 9), and term in
labor (TL; n = 9). P < .05, One-way analysis of variance (ANOVA)
with Dunnett test versus the NP group.

in hydroxyproline.'? This conclusion corresponds with previ-
ous reports in rats at term that temporally correlate extracellular
remodeling characteristics with biomechanical assessment of
stretch parameters by the prepartum cervix.*'™* However,
biopsies from the PTL group had reduced hydroxyproline, as
well as collagen I and III concentrations, but no statistical dif-
ference was observed in either OD of PSR-stained sections or
CN density compared to parameters in tissue from controls
(PTNL or NP, respectively). This finding raises the possibility
that collagen content had declined, but ECM structure had yet
to more fully degrade as at term. Assessment of ECM charac-
teristics in a biopsy may not reflect the heterogeneous morphol-
ogy that is characteristic of the prepartum cervix.**** Separate
analyses of subepithelium and center regions within each
biopsy in the present study and in a previous report>® did not
indicate difference in remodeling characteristics within each
group. This concern is not necessarily relevant to findings for
the rodent cervix, where analyses surveyed a relatively large
area within longitudinal sections from the Os to the transition
zone before the uterine body. Thus, with respect to the avail-
ability of biopsy material from a diverse patient population,
further evidence is needed to support the possibility that struc-
tural remodeling of the cervix at term is advanced with PTB.
More compelling are the findings that inflammatory pro-
cesses in the cervix are enhanced at term and with PTB because

of increased presence of M@s. Higher concentrations of matrix
metalloproteinases and inflammatory cytokines in the prepar-
tum cervix could result from increased activity by more
resident M@s both during preterm and term labor.?’2%3233
Findings in multiple strains of mice and rats similarly and con-
sistently indicate an increase in M@ density relative to CN/area
in the cervix before the day of birth compared to earlier in preg-
nancy or in nonpregnant controls.***> An accurate estimation
of cell density/area in cervix in this model depends upon eva-
luation of a sufficient area/section empirically determined from
the number of photomicrographs needed to plateau the moving
average of cell counts/field of view. Enumerating Ms in
subepithelium and stroma, while excluding those in luminal
epithelium, vessels, and crypts, also minimizes errors in per-
ception of resident cell abundance that could result from vari-
able distribution of stained immune cells in photomicrographs
taken within and among sections from the same individual.
This approach addresses technical concerns associated with the
lack of immunohistochemical stain for Ms within the cervical
stroma from prepartum mice.**** Moreover, methodological
concern about a flow cytometry study that reported a small
population of M@s remained unchanged in the cervix as preg-
nancy neared term*® was later addressed by an another flow
study®? which found that (1) perfusion was needed to accu-
rately assess resident Ms, an approach that corrected for vas-
cular expansion and increased presence of systemic immune
cells in the prepartum cervix and (2) gate settings using a live
cell marker and flow analysis of another dispersed tissue, that
is, spleen, were necessary to accurately estimate the increase
in resident Ms in the prepartum cervix versus earlier in
pregnancy or in nonpregnant controls. The confirmation of
immunohistochemical findings by flow cytometry adds to the
consensus of other reports®>=° that Mos are more abundant
in the prepartum cervix compared to earlier in pregnancy
across multiple mammalian species.

Although counts were as accurate as possible in the present
study, the density of M@s was equivalently elevated in the TNL
and TL groups (whether calculated as mean or median quartile
range), a finding that did not confirm the result of Osman et al
that M@s were less abundant in nonlaboring versus laboring
women.” This difference may reflect methodological differ-
ences between studies, that is, fixation (paraformaldehyde vs
formalin), normalized versus not normalized data sets, areas
counted in selected photomicrographs, biopsy morphology,
and unspecified duration of labor. The broader perspective of
these and other studies is to support an increased presence of
Mgs in the late remodeled ripened cervix of women at term
and with PTL compared to the less or unremodeled state ear-
lier in pregnancy and in nonpregnant women. This consensus
directly corresponds to findings in rodents at term and preterm
remodeling induced by inflammation or PR antagonist treat-
ment.'*243%-3647 Collectively, the results support the hypoth-
esis that ripening of the cervix in women at term reflects an
inflammatory process that may be advanced with PTB.

Understanding the structural characteristics associated with
the remodeling processes in the cervix of women during
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pregnancy has several important clinical implications. Evi-
dence for breakdown of collagen and the ECM as part of a phy-
siological inflammatory mechanism raises the possibility that
several variables might be separately monitored to assess the
progress of remodeling with pregnancy.*® Minimally invasive
imaging approaches might prove useful for the assessment of
cervix cell density, structure, and inflammation. In addition
to the potential diagnostic value, characteristics associated with
remodeling may help morphologically define features that
result in a short cervix, the current standard to predict risk for
PTB in women.*’ Findings also suggest that evaluation of
width or diameter of the cervix might be a useful parameter
to include in the ultrasound evaluation of cervix competency.
Finally, novel therapeutic possibilities might result from inter-
ventions that regulate inflammatory processes both preterm or
postterm with premature or delayed remodeling of the cervix,
respectively. Thus, the novel contribution of the present finding
in women is that characteristics associated with remodeling of
the cervix at term reflect enhanced inflammatory processes that
appear to be conserved across several mammalian species and
are possibly advanced with PTB.
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