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Progesterone in Obstetrics:
Hormone, Immunomodulator,
or Both
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Progesterone from Corpus luteum to

Placenta il
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Endocrine role 1: Uterine environment

Proliferative Secretory transformation Decidualization

e Endometrium secretary transformation, decidualization &&=

o HO}2| histotrophic nutrient, trophoblast invasion, angiogenesis = 2|t =2|4,
M2l Er) O



Serum progesterone distribution
in threatened miscarriage

Lower serum progesterone associated with threatened miscarriage and a
subsequent complete miscarriage at 16 weeks gestation.
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Endocrine role 2. myometrial Quiescence

Oxytocin

Prostaglandin {
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Nuclear Receptors : PRA vs PRB

e Dominant isoform during healthy pregnancy
e Repress proinflammatory, pro-contractile

genes PRA

 Maintains absolute myometrial quiescence Contractility & Labor

PRB

Quiescence
& Pregnancy Maintenance

PRA : Truncated isoform, acts as a
repressor of PR-B.

e Unliganded PR-A, upregulates
Connexin —43(Cx43) and Oxytocin
Receptors (OTR)



ism in pregnancy

Progesterone

Uterine Quiescence mechan

PRB Receptor

Myometrial smooth

muscle cell
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Human Labor : Functional Withdrawal

Altered PRA: PRB ratio that reactivates inflammatory pathway

PRA (Inflammatory/Pro-labor) 4 —p.|
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Hormonal Control
N )

Theoretical model for @mgma@ @eem@
/

the role of \
progesterone In the f"
regulation of

pregnancy and parturli
tion

Myometrial cell

 /
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Mesiano et al. J Clin Endocrinol Metab 2002; 87: 2924-2930
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T 2 A AH|2: maternal fetal interface
‘Forced Immune Tolerance’




HSHAM A
Treg cell expansion

FoxP3+
Treg cell

RORyt+
Th17 cell

Treg M|ZEZt2} (Regulatory T cells)
P4 of 2|5l =& T M| (Tregs) S412t 7| 522l (FoxP3 Eel) > ZA|HAAZTE EjOIEZ

ITh17 ZSfatCh: 27t HAUNZ A AS R Th17 HIEZ22| 23} A Th AMFA| HSHA 2t

Mjosberg J, et al . FOXP3+ regulatory T cells and T helper 1, T helper 2, and T helper 17 cells in human early pregnancy decidua. Biol Reprod. 2010 Apr;82(4):698-705



S HIN A
Treg ceII expansion

IL-4, IL-5,

IFN-y, TNF-a, IL-10,
IL-1B, IL-6 TGF-B
AS3HA A 7X| 2ol T helper cells 2| 23 &2 HH
Cytotoxic Tcell(CD8+) 7| =<1 A]| Th2 cell 42 2| i 212 7] Shaj|AH M
Th1/Th17 cell Z=22} cytokine 24| SMT XA HAT| A



MHEHA XA : Tolerogenic shift

Mature DC T°|erogenic DC i Dend ritiC CE"S
\ .4 P4 inhibits DC maturation

—> Reduce expression of CD 40/CD80/
CD86

—> Favor a tolerogenic phenotype

= Preventing T cell priming

e Macrophages

Drives differentiation to tissue
repairing anti-inflammatory M2
phenotype

M1 Macrophage M2 Macrophage

Tissue Repair



Decidual NK cells lose cytotoxicity
P4, T2 |AHE =82 nGR = S0
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PIBF (progesterone induced blocking factor)

: 4

SR PIBF binds to
i " F IL-12R = Block Thl
Wl Inhibition of IENV TNE-
a8 4 b \STAT4 via SOCS-BJ (IFNy, B)
Antigen interacts Secretion of PIBF
with yd T-cell - (Progesterone-Induced
+ Blocking Factor)

Progesterone \ s

~N
binds to PR. 4 PIBF binds to .
\ J heterodimer IL-4R # Drives Th2
= (IL4, IL5, IL10)

Activates STAT6
\. J

e Clinical marker

After dydrogesterone, decreased IFN-y & TNF-a / higher level of PIBF in recurrent miscarriage group

Kalinka, J.; Szekeres-Bartho, J. The impact of dydrogesterone supplementation on hormonal profile and PIBF concentrations in women with threatened abortion. Am. J. Reprod.
Immunol. 2005, 53; Hudic, I.; et al. Dydrogesterone and pre-term birth. Horm. Mol. Biol. Clin.Investig. 2016, 27, 81-83




PIBF in RM and PTD

The 4 groups : non preg, normal preg, recurrent miscarriage, Preterm delivery
Measurement : Th1(IFN-y, TNF-a), Th2 (IL-4, IL-6, IL-10) after PIBF
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No change of Th1l, but shift towards Th2 cytokines

R. Raghupathy et al. Progesterone-induced blocking factor (PIBF) modulates cytokine production by lymphocytes from women with recurrent
miscarriage or preterm delivery Journal of Reproductive Immunology 80 (2009) 91-99
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Progesterone R

P4 Multi-receptor
network

e Inhibition of
Inactive nPR  agenylyl 9 s
/complex  cyclase (/4
S - Classical Genomic (nuclear PR)
Direct DNA binding at P4 response
T——— A elements (PREs)
vlv np':m Slow, long-term tissue remodeling
.0 <Kinase>
.nPR..., ,L
g @ Non classical membrane (mPR/ PGRMC1)
Rtr Rapid signal, Ca 2+ flux 4|,
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 Chromosomal abnormality (>50%), other genetic etiologies
e Luteal phase defects

DM, thyroid function abnormalities

 Anatomic factor

* Infections

e Acquired thrombophilia (antiphospholipid syndrome)

* Exogenous agents

* Unexplained cause



Progestogens : Therapeutic options

Micronized Progesterone

Progesterone

Direct action Indirect action

Anti Pro Anti
inflammatory inflammatory inflammatory
cytokines P cytokines {, cytokines

Successful Pregnancy

Int. J. Mol. Sci. 2022, 23, 1333




The NEW ENGLAND JOURNAL of MEDICINE

[ )
PRISM trlal ‘ ORIGINAL ARTICLE

(progesterone in
spontaneous miscarriage)

A Randomized Trial of Progesterone
in Women with Bleeding in Early Pregnancy

Multicenter, randomized, parallel-group, double-blind, placebo-controlled trial

TABLE 2

PRISM trial: vaginal micronized progesterone in women with threatened miscarriages

Population Women with vaginal bleeding during the first 12 weeks of pregnancy

Intervention 400 mg of micronized progesterone taken vaginally or rectally twice daily from randomization until 16 weeks of gestation
Comparison Placebo

Primary outcome Live birth >34 weeks

Sample size and power 4153 patients randomized, 90% power to pick up a 5% difference in live births
Hospitals 48 hospitals in the United Kingdom

PRISM, PRogesterone In Spontaneous Miscarriage.

Coomarasamy, A, et al., A Randomized Trial of Progesterone in Women with Bleeding in Early Pregnancy. N Engl J Med, 2019. 380(19)



Biological gradient Subgroup effect ——
(Interaction for subgroup effect p=0.01)

Progesterone (n/N) Placebo (n/N) Risk Ratio [95% CI] :T”n-tvea:gjcetif:;
Primary analysis
1513/ 2025 1459/ 2013 - 1.03 (1.00-1.07)
Pre-Specified subgroup analysis
I\Inmthn oo o ;ﬂr“'\x\

No. of previous miscarriages 0.007
0 840/1127 824/1111 —- 0.99 (0.95-1.04)
1-2 534738 591/777 —i— 1.05 (1.00-1.12)
3 85/148 98/137 ; 1.28 (1.08-1.51)

> 1781230 1671236 S 106 (0.97-1.19) .
>3 98 /137 85/148 1.28 (1.08-1.51)
Post-hoc subgroup analysis
Number of previous miscarriages
0 824 /1111 840/1127 —— 0.99 (0.95-1.04) 0.01
21 689 /914 619/ 886 —— 1.09 (1.03-1.15) '
All Participants 1513/ 2025 1459/ 2013 ‘0 1.03 (1.00-1.07)
T T
0.75 1 1.25
€ >
Favours Placebo Favours Progesterone

Coomarasamy et al. N EnglJ Med 2019; 380:1815-1824
Devall A, et al. Best Pract Res Clin Obstet Gynaecol: 2020; 69: 30-39



Progestogens and preventing miscarriage: a meta-analysis

=4 Cochrane Cochrane Database of Systematic

1 Li bI'EI I'y Reviews 2021, Issue 4.
Art. No.: CD013792

Cochrane Database of Systematic Reviews

Patients : threatened miscarriage, or had a history of 3 or more previous
miscarriages (recurrent miscarriage)

Four different progestogens treatments

vaginal micronized progesterone

oral dydrogesterone

oral micronized progesterone
17-alpha-hydroxyprogesterone intramuscular injection



Summary : Live birth (progestogens vs placebo)

Analysis 1.8. Comparison 1: Threatened miscarriage: ‘H‘aEinal micronized progesterone versus placebo,
Outcome 8: Live birth (subgrouped by no previous miscarriages and one or more previous miscarriages)

‘Vaginal micronised progesterone Flacebo Risk Hatio Risk Hatio
Study or Subgroup Events Total Events Total Weight M-H, Fixed, 35% CI M-H, Fixed, 95% CI

L.&.1 No previous miscarriages and early pregnancy bleeding

Coomarasamy 2019 B24 1111 H40 1127 SBE% 100095, 1.04]
Gerhard 1987 10 12 10 11 1.2% 092 [0.67 , 1.26]
Subtotal (95% CI) 1123 1138 100.0% 0.99 [0.95 , L.04]
Total events: B34 az0

Heterogeneity: Chi® =026, df =1 (P=0.61) F=0%
Test tor overall etfect: Z = 0.24 (P = 0.81)

1.8.2 One or more previous miscarriages and early pregnancy bleeding
Coomarasamy 2019 4914 G149 1.OR [1.02 , 1.14) .

Gerhard 1987 13 14 11 1270890, 1.78]
Subtotal (95% CI) 528 108 |1.02, 1.14] ’

Total events: 630 1 .08 [1 .02, 1 .1 4]
AelETogenelly. LIl — .00, Ol — =0.30); I* = U%
Test tor overall etfect: £ = 2.75 (P = 0L00G)

Test for subgroup differences: Chi? = 5.03, df = 1 (P = 0.02), F = B0.1% o5 o7 , s 3
Favours placebo Favours vaginal micronized progesterame
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[ Bleeding in early pregnancy ? ]

No Yes
Not recommended [ History of miscarriage ]
No l Yes

Not recommended Micronized progesterone
Vaginal , 400mg BID

XS0k ZAO| M EfO} AlUHS HOI A| Al 163 TIHX| K| 5

( RCOG/ NICE/ ESHRE guideline)
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Extremely
preterm

Fetal loss

—

Moderate
preterm

Post-term

WHO ICD-10: International Statistical Classification of Diseases and Related Health Problems, Tenth Revision. 2010 edition
WHO, March of Dimes. Born too Soon: The Global Action Report on Preterm Birth. 2012;



The risk of preterm birth, biological gradient
with the rates of previous miscarriage
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3+ Miscamriages

24 25 26 27 28 29 30 31 32 33 M4 35
Gestational age (weeks)

birth in 717 214 nulliparous women.

Outcome

Adjusted odds ratios (95% CI)*

e Cumulative incidence of spontaneous preterm first

History of

miscarriage

Number of Previous Miscarriages

2

=3

Per unit

Increase**

P—***

Preterm birth
24-28 weeks
{n = 6BO 6E1)
29-32 weeks
{n = 693 908)
33-36 weeks
{n =722 634)

1.73 (1.57-1.90)

1.36 (1.28-1.46)

1.18 (1.14-1.22)

1.43 (1.28-1.60)

1.23 (1.14-1.33)

1.12 (1.08-1.16)

3.12 (2.59-3.57)

1.86 (1.60-2.15)

1.36 (1.25-1.47)

3.87 (2.85-5.26)

2.68 (2.14-3.36)

1.81 (1.59-2.06)

1.60 (1.50-1.70)

1.32 (1.26-1.39)

1.16 (1.13-1.19)

<0001

<0001

<0.001

Oliver-Williams et al. (2013): bjog "Previous miscarriage and the subsequent risk of preterm birth in Scotland, 1980-2008"




PTB, the most common cause of neonatal mortality

M PTB complications

M Intrapartum-related

W Sepsis or meningitis

MW Congenital abnormalities

W Other

B Pneumonia

M Diarrhoea

M Tetanus

Diarrhea 1%

Pneumonia Tetanus1%
6%

Other
7%

PTB

Congenital The Cause of

abnormalities neonatal death
11%

Sepsis or
meningitis 15%

complications
35%

Intrapartum-
related events
24%

UN Inter-Agency Group for Child Mortality Estimation. Levels and trends in child mortality: Report 2017.



Preterm birth (PTB) rate : Korea
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Preterm labor: one syndrome, many causes

Decline in progesterone action

Uterine overdistension Cervical disease

Decidual senescence i Breakdown of
: Maternal-fetal tolerance
Vascular disorders Stress
Infection Unknown

Romero R, et al. Science 2014;345:760-765.



Genetic Influences

Hormonal Control

Cervix role

1. Eur J Obstet Gynecol Reprod Biol 2007; 134: pp. 188-191.
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Prophylactic

progesterone

Danger Zone Safe Zone
(<34 Weeks) (234 Weeks)

I 2 A A NF-kB 22 243
Functional M| Z2|7| & (ECMm)
withdrawal 1'% 25l 2}t



Shortened cervical length (CL) associated with an
increased risk of PTB

Relative risk of spontaneous PTB at <35 weeks
of gestation according to percentiles for
cervical length

14 - - 800

12 - Distribution of cervical length L 700
measured by transvaginal T
x 10 - ultrasonography at 24 weeks - 600 g
= 3 of gestation - 500 =
= | IS
¥ L300 E
4- -

I ,#% - 200
2 - 100
0 - ] - I.. L0

O 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68
Risk of spontaneous PTB significantly increases with shortening cervix

lams ID, et al. N Engl J Med 1996;334:567-572.



Evaluating Progestogens for Preventing Preterm birth International Collaborative

EPPPIC study: Meta-analysis of progesterone for
preventing PTB (singleton pregnancy)

Estimates with 95% confidence intervals

Trial RR (95% Cl)

90mg gel :

O'Brien 2007 — 0.83 (0.59,1.17)

PREGNANT — 0.57 (0.37,0.90)

Pooled el 0.71 (0.50,1.01)

100mg !

Majhi/Bagga 2009 . 0.67 (0.12,3.82)

PROGRESS —— 1.02 (0.74,1.40)

Pooled «(_’} 1.01 (0.73,1.38)

200mg I

Aboulghar 2012 , 0.70 (0.16,3.03)

Fonseca 2007 —— 0.57 (0.36,0.90)

OPPTIMUM e 1= 0.88 (0.69,1.13)

TRIPLE P : 0.79 (0.26,2.39)

Pooled <> 0.79 (0.64,0.98)
—400mg !

Azargoon 2016 - : 0.43 (0.22,0.84)

Pooled e 0.43 (0.22,0.84)

Overall pooled <> 0.76 (0.64,0.92)

| T ' T !
0.25 0.50 1.00 2.00 3.00

The EPPPIC Group. Lancet. 2021;397(10280):1183-94.

Relative risk

Favours progestogen €«<— —> Favours control

Subgroup analysis by planned
vaginal progesterone dose in
singleton pregnancies,
preterm birth before 34 weeks

D

Vaginal progesterone 200mg,
Significant decrease the risk of
PTD



Twin gestation : vaginal progesterone on preterm deli

very

Vaginal Placebo/no
Relative risk (fixed) progesterone  treatment Weight Relative risk
Study (95% CI) (n/N) (n/N) (%) (95% CI)
Fonseca {2007)54 = 311 713 9.9 0.51 (0.17-1.50)
Rode (2011)% = 317 5/14 5.2 1.20 (0.40-3.63)
Cetingoz (2011)%° = 1/5 1/2 2.2 0.40 (0.04-3.74)
Serra (2013)57 3/5 1/1 3.5 0.78 (0.27-2.22)
Brizot (20158 915 4/6 8.8 0.90 (0.45-1.81)

Combined 50/159 62/144 100.0 0.69 (0.51-0.93)

=
El-Refaie (2016)5° B 31/116 447108 70.4 0.66 (0.45-0.96)
|

| | | | _
- Tear Tor NETCTOECTICITY . ™ = Uo

.05 . 2 0. 5 1 2 3 5 _
005 0 . 0203 03 10 Test for overall effect: Z = 2.44, P = 0.01
Favors vaginal progesterone Favors placebo/no treatment

Figure 3 Forest plot of the effect of vaginal progesterone on the risk of preterm birth < 33 weeks” gestation. CI, confidence interval.

0.69

Results : Reduces the risk of preterm birth occurring at < 30 to < 35 weeks of GA
=>» V neonatal mortality , ¥ some measures of neonatal morbidity
=>» Without any demonstrable deleterious effects on childhood neurodevelopment.

Romero R et al. Ultrasound Obstet Gynecol 2017; 49(3): 303-14




Twin gestation: vaginal progesterone
on preterm delivery

SUPPLEMENTAL FIGURE 4

Effect of vaginal progesterone on preterm birth <34 weeks of gestation in
twin gestations with a transvaginal cervical length <25 mm

Study Relative risk {95% CI) Relative risk (95% CI)
Fonseca 2007 - 0.68 {0.27 - 1.71)
Cetingoz 2011 = 0.40 (0.04, 3.74)
Rode 2011 - 1.00 (0.46 - 2.19)
Serra 2013 B 0.78 (0.27 — 2.22)
Brizot 2015 —-— 1.00 {0.51 — 1.95)
Rehal 2021 - 0.27 (0.09 - 0.79)
Pooled * 0.68 (0.46 -0.99)
T T T T T T 1
0.05 0.1 0.2 0.5 1 2 5 10

Test for heterogeneity: .'z =T%
Test for overall effect: Z = 2.00, P = 0.047

Cl, confidence interval.

Conde-Agudelo. Vaginal progesterone to prevent preterm birth in twin gestations. Am J Obstet Gynecol 2023,

Conde-Agudelo A, et al. Am J Obstet Gynecol. 2023;229(6);599-616.e3.

Vaginal Progesterone
associated with a significant
Reduction in the risk of
preterm birth < 34 weeks GA
(46.2% vs. 65.1%

RR, 0.68;

95% Cl, 0.46-0.99; P=0.047)

RR 0,&3



Prevention PTB and Protecting neonatal
outcomes

Prophylactic vaginal progesterone in women with a short cervix ( < 25mm)

38%

o Reduction in LBW Reduction in NICU
Reduction in RDS (<1,500g) admissions
(RR 0.47) (RR 0.47) (RR 0.68)

Twin pregnancies: 34- week PTB risk reduction ( RR 0.71) in multiple

pregnhancies with a short cervix using vaginal micronized progesterone

Conde-Agudelo A, et al. Am J Obstet Gynecol. 2023;229(6);599-616.e3.



The Clinical Toolkit : Master synthesis

Threatened
Miscarriage

Recurrent miscarriage
( with bleeding )

Singleton and
Short cervix < 25mm /
PTB history

Twin and
short cervix £ 25mm

Oral
dydrogesterone

Vaginal micronized
Progesterone

Vaginal micronized P4
or Vaginal P4 gel

Vaginal micronized P4
or Vaginal P4 gel

40 mg stat, then
10 mg BID

400 mg BID

200mg/day or
90mg gel

200mg/day or
90mg gel

Continue 1-2weeks
post symptom
resolution

Continue until 16
weeks gestation

Continue until 34 ~
36+6 weeks GA

Continue until 34 ~
36+6 weeks



Progesterone integrated roles in pregnhancy :
master key

@ Endocrine Engine

~

PRB activation Progesterone as both
Myometrial Quiescence structural builder
Endometrial immune guardian
Decidualization )

N[ .

Move from empirical
prescribing To

PIBF Cascade targeted mechanism

Th1 to Th2 Shift Treg - )

Expansion driven patient care

NK cell Suppression

Immune Shield

Preterm birth
prevention

Threatened/ recurrent
miscarriage resolution




SHAM AIO{ 1513

- O/ =

Korean Society for Reproductive Immunalogy




	Progesterone in Obstetrics: Hormone, Immunomodulator, �or Both ? 
	순서 
	Progesterone from Corpus luteum to Placenta 
	Endocrine role 1: Uterine environment 
	Serum progesterone distribution �in threatened miscarriage 
	Endocrine role 2.  myometrial Quiescence 
	Nuclear Receptors : PRA vs PRB 
	Uterine Quiescence mechanism in pregnancy 
	Human Labor : Functional Withdrawal 
	Theoretical model for the role of �progesterone in the�regulation of �pregnancy and parturition
	Summary. P4 내분비적 기능  
	프로게스테론 면역조절자 기능 
	임신 후 모체의 면역계의 어려움 
	적응면역체계 �Treg cell expansion 
	슬라이드 번호 15
	 선천면역조절 : Tolerogenic shift   
	 선천면역조절 : NK cells suppression
	PIBF (progesterone induced blocking factor)
	PIBF in RM and PTD  
	Summary. P4 면역조절기능 
	P4 Multi-receptor network 
	프로게스테론 임상적 활용 
	반복적 유산의 원인적 인자
	Progestogens : Therapeutic options 
	PRISM trial (progesterone in spontaneous miscarriage)
	Biological gradient Subgroup effect�(Interaction for subgroup effect p=0.01)
	Progestogens and preventing miscarriage: a meta-analysis
	Summary : Live birth (progestogens vs placebo) 
	임상적 활용: 유산 예방 
	임상적 활용: 조산 예방  
	슬라이드 번호 34
	PTB, the most common cause of neonatal mortality
	Preterm birth (PTB) rate : Korea  
	Preterm labor: one syndrome, many causes
	진통 발생 시기를 결정하는 요인들 
	P4 보충과 조산 예방의 이론적 근거 
	Shortened cervical length (CL) associated with an increased risk of PTB
	EPPPIC study: Meta-analysis of progesterone for preventing PTB (singleton pregnancy) 
	Twin gestation : vaginal progesterone on preterm delivery   
	슬라이드 번호 43
	Prevention PTB and Protecting neonatal outcomes 
	The Clinical Toolkit : Master synthesis 
	Progesterone integrated roles in pregnancy : master key 
	경청해주셔서 �감사합니다 

