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Human non-gravid myometrium differentiates in  Introduction

response to ovarian sex steroids into a subendometrial Magnetic resonance (MR), video-vaginosonography and
layer or junctional zone and an outer myometrial layer.  jmmunohistochemical studies have revealed that the inner and
Compared to the outer myometrial layer, the junctional  gyter Jayers of the human non-gravid myometrium are
zone myocytes are characterized by higher cellular gistinctly different during the reproductive years. The aim of
density and lower cytoplasmic-nuclear ratio. These this review is to address the potential mechanisms underlying
structural differences allow in-vivo visualization of the  myometrial zonal differentiation. In addition, we reassess if
myometrial zonal anatomy by T2-weighted magnetic gjisruption and hyperplasia of the inner myometrial layer are

resonance (MR) imaging. The human myometriumis also pregictive for the presence of diffuse adenomyosis.
functionally polarized. Video-vaginosonography studies

have shown that propagated myometrial contractions in
the non-pregnant uterus originate only from the
junctional zone and that the frequency and orientation of
these contraction waves are dependent on the phase of theMyometrial zonal anatomjn vivo was first described by
menstrual cycle. The mechanisms underlying zonal Hricak et al. in 1983 using MR imaging. In women of
myometrial differentiation are not known, but growing  reproductive age, three layers can be distinguished in the
evidence suggests that ovarian hormone action may be myometrium on T2-weighted MR images: surrounding the
mediated through cytokines and uterotonins locally high signal-intensity endometrial stripe there is a low signal-
released by the basal endometrial layer and endometrio— intensity junctional zone followed by an outer intermediate
myometrial T-lymphocytes. Irregular thickening of the  signal-intensity zone and a thin low signal-intensity subserosal
junctional zone due to inordinate proliferation of the zone (Figure 1A and B). The contrast in signal intensity

Structural myometrial zonal differentiation in
response to ovarian sex steroids
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Figure 1. T2-weighted (2500/80 ms [TR/TE]) spin echo midline sagittal sections of uteri of women in reproductivetyaadB8) Normal
myometrial zonal anatomy: although the low signal-intensity junctional zone (arrow) is regular in both cases, it appethy shirster inB.

The clinical significance, if any, of a very thin junctional zone (<3 mm) in the absence of exogenous steroid treatmentris@)Kninctional

zone hyperplasia: the inner myometrial zone is not only irregular but there is also diffuse thickening of this layer@#edctnigately the
posterior myometrial wall (arrow)D{ Large focal adenomyoma affecting the entire posterior uterine wall (fat arrow). Note that the junctional
zone (thin arrow) is thin and regular, indicating that diffuse and focal adenomyosis may have distinctly different aetiologies.

between the outer myometrium and junctional zone is threefold increase in nuclear area and decreased extracellular
striking feature on T2-weighted scans, and the reason for thigtrix per unit volume. The increased nuclear area reflects
difference in signal intensity has been the cause dibth a higher smooth muscle density and an increased nucleo-
considerable debate. Initially, it was postulated that the zoraftoplasmic ratio of the myocytes (Scaetttal, 1991). This
polarity on MR images resulted from a higher vasculdatter observation is important, as it demonstrates that there are
perfusion rate in the inner third of the myometrium @&iegl,  not only architectural differences but also cellular differences
1985) who demonstrated that the T1 and T2 values of unfixbdtween myocytes in the junctional zone and outer
myometrium were stable for at least 6 h after hysterectomyyometrium.

Using image analysis of nuclear-stained myometrial sections,Uterine zonal differentiation is dependent on gonadal
the same group demonstrated that, in comparison with thermones (Demast al 1985; McCarthyet al, 1986;

outer myometrium, the junctional zone is characterized byAndreyko et al, 1988). In premenarchal girls and
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postmenopausal women, the zonal anatomy is oftet al, 1990; Lyonset al, 1991; Chalubinskét al 1993;
indistinct, with a comparatively low signal intensity from theKunz et al, 1996).
myometrium. Ovarian suppression with gonadotrophin- In an elegant study, Kuret al (1996) used hystero-
releasing hormone analogues leads to an MR appearanceahtigraphy to demonstrate that rapid sperm transport
the uterus mimicking that of postmenopausal women; whiliarough the female genital tract in the pre-ovulatory phase
hormone replacement therapy in postmenopausal womin provided by these subendometrial cervico-fundal
results in re-appearance of myometrial zonal anatongontraction waves. Others have postulated that the asym-
(Demas et al, 1985). Further evidence for hormonalmetrical myometrial peristalsis during the luteal phase
responsiveness of the junctional zone is provided by trserves to maintain the developing blastocyst within the
work of Wiczyket al.(1988), who performed MR scans onuterine fundus. The role of fundo-cervical contractions
five volunteers with normal ovulatory cycles on days 4, &luring menstruation has not yet been elucidated, but one
12, 16, 20 and 24 of the cycle. They demonstrated junctior@port noted hyperperistalsis in a woman suffering from
zone thickness changes throughout the menstrual cycleercessive menstrual loss (Chalubirskal, 1993).
conjunction with endometrial thickness changes. The Junctional zone dysfunction has been implicated in the
endometrium increased from %81.1 mm on day 4 to a pathogenesis of pelvic endometriosis and subfertility
mean peak of 10.8 1.7 mm on day 24, with the greatest(Salamanca and Beltran, 1995; Leyendeceheal, 1996;
growth occurring from days 8 to 16. Although the junctionaljland et al, 1997). A recent study found marked hyper-
zone showed substantially less growth, the pattern of growmtieristalsis during the early and mid-follicular phase and
was similar, mainly occurring between days 8 and 16 (fromlysperistalsis during the late follicular phase in women with
5.1+ 0.7 to 6.7+ 0.7 mm). endometriosis. Hysterosalpingoscintigraphy studies in these
The myometrial zonal anatomy changes profoundlyomen indicated that the hyperperistalsis was associated
during pregnancy. Focal disruption of the junctional zonaith a marked increase in the transport of inert particles from
occurs in early pregnancy (Turnbetl al, 1995). This has the vaginal depot to the peritoneal cavity, while the
been observed as early as 7 days after ovulation in a patipati-ovulatory dysperistalsis resulted in a significant
on whom serial MR scans were performed fortuitouslylecrease of uterine transport capacity in comparison with
during a conception cycle. Interestingly, focal disruption ohealthy controls (Leyendecket al, 1996).
the junctional zone does not appear to occur with ectopicln-vitro studies also have confirmed the functional
pregnancies, suggesting that local factors released at fh@arity of the myometrium (Daels, 1974). In contrast to
implantation site mediate this effect (Bartethal, 1993). the in-vivo observation, myometrial strips taken from the
During pregnancy, the junctional zone increases in signalter myometrium show spontaneous strong regular
intensity and the zonal differences become indistinatontractions which can be amplified by adrenaline or, to a
(Willms et al, 1995). The normal zonal anatomy graduallylesser extent, by oxytocin. Muscle strips from the inner
reappears within 6 months of delivery (Willetsal, 1995). myometrium, however, display very few spontaneous
contractions and are largely unresponsive to adrenaline and
oxytocin stimulation (Daels, 1974).

Functional polarity of the myometrium

: . . . . . Mechanism(s) controlling myometrial
Vaginal video-sonography is a new imaging technlqug ructural and functional polarity
which allows semiquantitative assessment of myometriaf

contractility waves (de Vriest al, 1990; Lyonset al, In non-pregnant myocytes, oestrogen receptor (ER)
1991; Kunzt al, 1996). Several groups have reported thagxpression is maximum in the late proliferative phase and
in the non-gravid uterus myometrial peristalsis emanatekeclines sharply in the early secretory phase. An increase in
only from the inner myometrium and that the orientationER immunoreactivity has been reported in the late
amplitude and frequency of the contraction waves correlagsecretory phase. Following an initial rise in progesterone
with the phase of the menstrual cycle. In the follicular anceceptor (PR) immunoreactivity in the proliferative phase,
periovulatory phases, cervico-fundal subendometrighere is, by contrast, no significant change in PR expression
contractions can be seen, the amplitude and frequencytbfoughout the menstrual cycle (Snijéeal, 1992). Until
which increase notably toward ovulation. Short, asymrecently it was widely accepted that there are no zonal
metrical myometrial waves are present during the lutedlifferences in steroid receptor expression in the myo-
phase, but during menstruation propagated fundo-cervigaletrium, but a recent study has challenged this. Richards
subendometrial contractions waves are noted (de Vriesd Tiltman (1995) examined 20 hysterectomy specimens
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obtained in the proliferative phase of the cycle andhannel or connexon is composed of a hexamer of
demonstrated that the subendometrial myometriuonnexin proteins (Lowenstein, 1987). In the myo-
expresses significantly higher concentrations of ER, asetrium, the major gap junction protein is connexin-43
measured by radioimmunoassay and by immunocyt¢€x-43) and its expression is thought to be mediated
chemistry, than the outer myometrium. through binding of the activation protein-1 (AP-1), a
The mechanism underpinning elevated ER expression @@mposite transcription factor consisting of c-Jun and
the junctional zone is not well understood. There is, howevey,Fos, to AP-1 binding sites in 5'-flanking promoter region
increasing evidence for a complex interaction betweesf the Cx-43 gene (Piersaetial, 1995; Geimonest al,
gonadal steroids and locally expressed cytokines in the targefog). In uterine tissues, ER activation not only results in
tissue. For instance, interferon-gamma (fjNdas been elevated c-Fos concentrations but also results in
shown to induce a 30-50% increase in the ER content &fpilization of the AP-1 complex and hence increased
ZR75-1 cells, an oestrogen-responsive breast cancer cell [fi@moter activity (Weblet al, 1995). The higher level of
(Solaryet al, 1991). In the uterus, IFNis predominately ER expression in the junctional zone in the proliferative
produced by activated CD3-positive T cells which are founghase may thus represent a preferential target for oestrogen
in characteristic lymphoid aggregates in the endometriqggyation of Cx-43. In contrast, progesterone (Zta,
myometrial junction (Stewaett al, 1992; Tabibzade#tal,  1996) human chorionic gonadotrophin (Ambrus and Rao,
1988, 1993). Recently, it has become clear that these T Caliggs) and activators of the protein kinase A pathway (Cole
play an important role in polarizing the endometriab,y Garfield, 1986; Sakedal, 1992) are thought to inhibit
epithelium. The phenotypic responsiveness to sex stero -43 expression in myometrium. Down-regulation of
and the proliferative activity of the endometrial epitheliumbx_ 43 expression could explain why the luteal phase is
are maximal in the functional layer and gradually diminis haracterized by short, asymmetrical peristalsis.
towards the basalis. The low proliferative activity in the bas ifferential  zonal regula’tion of Cx-43 has been

layer is associated with a markedly increased humap, .\ i ated in the bovine myometrium (Douall-Bell

leukocyte antigen (HLA-DR) expression by the glandula(r_jt al, 1995) but, to the best of our knowledge, no studies

epithelium in this layer (Tabibzadet al, 198§a,p; 1988). have as yet addressed the regulation of the connexin
Tabibzadelet al. (1993) elegantly demonstratiedvitro that Rroteins in the inner 5 mm of the human non-gravid

IFN-y released by activated T cells can induce hig ometrium
HLA-DR expression in endometrial epithelial cells and™ M. . , L
Although gap junction expression is likely to be

dramatically inhibit their proliferative activity. IFM-also ; . - .
sential, mere expression is not sufficient to trigger

attenuates the action of certain cytokines, such di d . S | Ki h b
transforming growth factor (TGR-(Arici et al, 1995), ¢0°°f inated contractions. Several cytokines have been
identified which might modulate myometrial peristalsis.

which have been implicated in myocyte proliferation=""" . )
(Ishikawaet al, 1990) and endometrial stromal cell function” ©" instance, epidermal growth factor is not only a potent

(Arici et al, 1996: Casegt al, 1996). Although the role of mitogen for myometrial smooth muscle cells but it can also
IFN-y anél othér cytokin’es released by the basdpduce uterine contractiomsvitro, both in intact tissue and

endometrium in the induction of a specific inner myometridf? isolated myometrial cells (Gardner and Stancel, 1989).
microenvironment remains speculative, the thickness of tRPeCific binding sites for endothelins have also been found
junctional zone and its gradual blending with the outdf the myometrium, and in tissue bath experiments,
myometrium is in keeping with an effect of locally producedgndothelin-1 markedly increased contractility of myo-
factor(s) which diminishes with increasing distance from thenetrial strips, an effect mediated through the endothelin-A
site of production. receptor (Bacoret al, 1995). Interestingly, the greatest

The mechanisms that govern the cycle-dependefiensity of endothelin binding sites is found on glandular
contractions of the inner myometrium in the non-gravié@pithelium in the endometrio-myometrial junction, and
uterus are not understood. It appears likely that th&cent evidence suggests that endothelins in the endo-
symmetrical, high amplitude propagated contractiometrium can induce release of prostaglandi Ed
waves in the late follicular phase require electrical antiirther release of endothelins, in a paracrine and autocrine
mechanical coupling of myocytes in the junctional zongashion (Bacoet al, 1995). These factors are potent utero-
Gap junctions are intercellular communication channekonins in non-gravid uteri and may therefore mediate the
and their expression is required for co-ordinategontractions of the underlying myometrium in a juxtacrine
synchronous myometrial contractions. Structurally, eactashion.
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The ‘ontogeneic hypothesis’ of human Junctional zone hyperplasia
myometrial zonal differentiation

Irregular thickening of the junctional zone (Figure 1C) is a

Early in fetal development the fused paramesonephric duagissmmon finding in women suffering from menstrual
are surrounded by a single layer of multi-potent mesenchyn@ysfunction (Market al, 1987; Togastet a| 1989; deSouza
cells (Konishiet al, 1984). Light microscopy of transverse et al, 1995) Pathologically, this has been shown to represent
sections of the body of the uterus reveals that by 14 weeksiooth muscle hyperplasia characterized by closely packed
gestation two layers of mesenchymal cells can be recognizethooth muscle fibres that are poorly orientated and less
The outer, subserosal layer consists of elongated cells andascular than the smooth muscle of the normal inner
more cellular than the inner layer. Ultrastructurally, thenyometrium (Togaskhat al, 1989). There is broad agreement
mesenchymal cells of the uterus do not display characteristinghe literature that the ‘normal’ junctional zone is regular and
of smooth muscle cells until 16-18 weeks gestation. The cefizeasures5 mm (Market al, 1987; Chernoff and Hricak,
in the outer layer then resemble immature smooth musd®97) in thickness, but there is no consensus on what
cells. At 26 weeks the thickness of the outer layer increasesnstitutes an ‘abnormal’ junctional zone on MR imaging.
markedly, and by 31 weeks bundles of almost mature smodttidths between 6 and 12 mm have been proposed @lark
muscle cells are present. These microscopic observatiais 1987; Kanget al, 1996; Reinholét al 1997) The current
resulted in the hypothesis that mesenchymal cells of the outenfusion has arisen because most authors have attempted tc
layer differentiate into immature myofibroblasts andcorrelate the junctional zone thickness vivo with the
subsequently mature myocytes while those of the inner laygresence or absence of adenomyotic islets on histology. These
are the precursors of endometrial stromal cells in the adstudies are likely to be inconclusive, as there is no agreement
uterus (Konishet al, 1984). An alternative explanation, first on the precise definition of superficial adenomyosis (Figure
proposed by Werth and Grusdew in 1898, is that subseroa). The Maryland Women'’s Health Study clearly illustrates
mesenchymal cells give rise to the outer myometrium whilgis. Analysis of 1114 hysterectomy reports from 15 hospitals
cells from the inner mesenchymal layer are the progenitorsafd 705 reports signed by 25 pathologists showed that the
both endometrial stromal cells and inner myometrial smoofirequency of diagnosing adenomyosis ranged from 12 to 58%
muscle cells (Werth and Grusdew, 1898; Daels, 1974). &mong hospitals and from 10 to 88% among pathologists
recent study showed that ER protein expression in the hum@eidman and Kjerulff, 1996). The wide variation could not
fetal uterus is confined to a distinct zone at the junction of thee explained by differences in patient age, parity or other
inner and outer mesenchymal layers (Glatstein and Yefactors known to correlate with the incidence of adenomyosis
1995). In contrast to the adult uterus, no oestrogen recept@@eidman and Kjerulff, 1996). Furthermore, morphometric
were found in the outer layer or in glandular epithelial cells. ind demographic studies have questioned the concept that
may be that differentiation of inner mesenchymal cells intjunctional zone hyperplasia is secondary to the presence of
smooth muscle cells is mediated by oestrogens and occadenomyatic lesions. We reported that extensive thickening of
independently from the cytodifferentiation of the outethe junctional zone can be present with minimal or no
mesenchymal cells. The observation that in-utero armknetration of the mucosa into the myometrium (deSetuza
neonatal exposure of mice to diethylstilbestrol results ial., 1995). Similarly, Reinholét al. (1996) found that only if
severe disorganization of mainly the inner myometrial smoothe junctional zone width €12 mm does it becomes
muscle layer lends support to this conjecture (Ostrandéy  predictive of the presence of endometrial islets at 2.5 mm or
1985). Teleologically, it is intriguing to surmise that humardeeper below the endometrio-myometrial junction. In
extravillous trophoblast invasion is limited to the decidua anaddition, endometrial infiltration of the myometrium is
inner myometrium because of the embryonic kinship of theeemmonly patchy and focal, while the myoproliferative
compartments. changes often affect the entire inner myometrium, as

Immature myofibroblasts are not only found in the fetatlemonstrated by diffuse thickening on MR imaging.
uterus but also at the endometrio—myometrial junction in tHeemographically, diffuse adenomyosis is regarded as a
adult uterus (Fujiet al, 1989). These cells have moredisease typical of multiparous women in the perimenopause
characteristics of smooth muscle cells in the luteal phase af#ziz, 1989; Vercellinet al, 1993). In contrast, a recent MR
in early pregnancy than in the follicular phase, which suggestiidy reported a 54% incidence of junctional zone hyperplasia
that active metaplasia of stromal cells into myocytes (and viie subfertile patients suffering from menorrhagia or
versa) may occur at the endometrio-myometrial interfaadysmenorrhoea. The mean age of these patients was only 34
throughout the menstrual cycle. years and 71% were nulliparous (deSoaeraal, 1995).
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than a consequence of it. human endometriund. Clin. Endocrinol. Metal80, 1908-1915.
. . . L Arici, A., MacDonald, P.C. and Casey, M.L. (1996) Modulation of the
Our unpublished observation (Bickerstetffal) indicates levels of interleukin-8 messenger ribonucleic acid and interleukin-8
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junctional zone hyperplasia were found to have a dramafi@con. C.R., Morrison, J.J., O'Reilly, @t al. (1995) ETA and ETB
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