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The aim of this study was to investigate cycle dependent
changes of serum CA 125 and CA 15-3 concentrations
during spontaneous ovulatory cycles. Twenty apparently
healthy women with spontaneous menstrual cycles
attending our infertility clinic were included. Of these
women, 18 had occluded tubes as a result of sterilization.
Ovulation was confirmed by luteinizing hormone test and
ultrasonography and, to exclude endometriosis, a laparos-
copy was performed. Serum samples for CA 125, CA 15—
3, 17B-oestradiol and progesterone determinations were
taken every second day starting on the 2nd day of the cycle
until the 7th day of the next cycle. After correction for
inter-individual variation in serum concentrations, highest
CA 125 concentrations were found during the menstru-
ation. During the follicular and peri-ovulatory phase
CA 125 serum concentrations were lowest. For CA 15—
3, serum concentrations were not statistically different
throughout the cycle. CA 125 and oestradiol concentrations
were negatively correlated, CA 15-3 and oestradiol
concentrations were positively correlated. Absolute serum
concentrations of both CA 125 and CA 15-3 vary among
females. Within the female, fluctuations of CA 125 are
phase related. In the population studied most of the patients
had tubal obstruction and high CA 125 serum concentra-
tions during menstruation, which revokes the theory that
the menstrual rise of CA 125 is due only to retrograde
menstruation.
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Introduction

Measurement of tumour associated antigens
employing monoclonal antibody (MAb) technology,

in seru
has

Kenemanset al,, 1988, 1993). CA 125 antigen is expressed
in all three derivates of coelomic epithelium and can mainly
be demonstrated in the epithelium of the endocervix, the
Fallopian tubes, on the apical surfaces of the glandular epithe-
lium and in the secretory products of endometrial glands in
proliferative and secretory endometrium (Quékal., 1988). =2
Extraordinarily high CA 125 concentrations are present il‘:{x
tubal and uterine secretions, and in cervical mucus of healthy
premenopausal women (de Brughal., 1986). CA 125 serum g
concentrations in premenopausal women are higher than thase

©

in postmenopausal women (Bogt al, 1996). A possible 2
explanation for higher mean CA 125 serum concentrations if
premenopausal women are (retrograde) menstruation, occ§lt
endometriosis externa and pelvic inflammatory disease, ziél
conditions more prevalent in premenopausal womep
(Kenemanset al., 1993). °
The CA 15-3 serum assay detects a highly glycosylateog
MUC1 gene-derived transmembrane molecule, also designatgd
polymorphic epithelial mucin (PEM) which is present on an
produced by normal glandular epithelial cells. Its function i§
suggested to be protection, lubrication and prevention of cedt
to cell adhesion (Hilkengt al., 1992). Until now, no studies %
have been performed to assess a possible cycle (hormong)
dependency of PEM serum concentrations in healthy premen§—
pausal women. A
The objective of the present study was to investigate possibEe
fluctuations in serum concentrations of both CA 125 and’
CA 15-3 in women throughout normal ovulatory cycles ang
to determine whether or not these antigen concentrations gge
related to cyclic changes of oestradiol and progesterone. o

Materials and methods

$202 |udy QL uo

Patients and sera

Twenty otherwise apparently healthy women attending our outpatient
infertility clinic were included in this study (age: range 28-38 years,
median 34.5 years). Eighteen of these patients were infertile because
of tubal occlusion as a result of sterilization, two because of male
infertility. All women had regular spontaneous ovulatory cycles and
were not taking any medication at the time of blood sampling. Cycles
were subdivided according to the luteinizing hormone (LH) peak and
menstrual period into menstrual phase | (M1, actual bleeding during
the beginning of the cycle), follicular phase (F), peri-ovulatory phase

rrsPO) (cycle day -2 tot+2 days to LH peak), luteal phase (L) and

menstrual phase Il (M2, actual bleeding of next cycle). In all women,
the moment of ovulation was confirmed by LH test and transvaginal

become an important clinical tool in the management of cancefjrasound and an endometrial biopsy was taken during the luteal
patients. In gynaecological oncology, CA 125 and CA 15-3phase to exclude luteal insufficiency. Each patient underwent a
determinations are routinely performed for the follow-up of diagnostic laparoscopy in which endometriosis was excluded. Cycle
ovarian and breast carcinoma, respectively (for reviews seéuration ranged from 23-32 days (median: 28 days). A total of 296
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Cycle dependency of CA 125 and CA 15-3

serum samples were taken on alternate days, starting on the 2nd degncentrations were calculated as described earlier. The median
of the cycle until the 7th day of the next cycle. Altogether, the and range of relative CA 125 and CA 15-3 serum concentra-
numbers of serum obtained during menstrual phase |, follicular phasgjgns are given in Table II. Significantly higher CA 125 serum
peri-ovulatory, luteal phase and menstrual phase Il were 36, 59, 3%5centrations were observed during the M1 and M2<(

112 and 54, respectively. All samples were aliquoted and stored eﬁ 0001 andP < 0.001, respectively), as compared to the

—70°C until assayed. CA 125, CA 15-3, oestradiol and progesteronf licular phase. During follicular and peri-ovulatory phases
serum concentrations were measured. Procedures followed Were’é P ’ 9 P y P !

accordance with the Helsinki declaration on human experimentatio A 125 serum concentrations were significantly lower as
of 1975, as revised in 1983, and in accordance with the guideline§ompared to the luteal phase ¢ 0.0024 andP = 0.0061,

for research of our institute. respectively).
When comparing all phases for each patient separately,
Assays mean CA 125 serum concentrations were higher in 19 out of

The CA 125 Il immunoradiometric assay (IRMA) used is a one-step20 patients in each of the two menstrual phases studied, while
heterologous fiouble determihant test (Centocor Inc._, Malvern, PAin one patient this was only true for the second menstruatio%.
USA), employing the M2 murine MAb as capture antibody and thepMean CA 125 serum concentrations during the follicular phasg
OC 125%%-labelled MAb as tracer antibody for detection of the \yare Jower than those found in the luteal phase in 16 out G
CA 125 antigen (Kenemaret al, 1995). 20 patients, while during the peri-ovulatory phase mean seru

MUC1 derived PEM was measured with the CA 15-3 r§d|0|mmuno-CA 125 concentrations were lower than those in the luteat
assay (Centocor Inc.), a heterologous double determinant assay | 3

which MAb DF3 is employed as tracer and MAb 115D8 8- phase in 15 out of 20 patients (Figure 1a). 3
labelled capture antibody (Tobias al, 1985). Fpr CA 15—3, during the fo'lllcular phase, '11 out of 201%
Oestradiol and progesterone concentrations were determined wifh@tients had higher concentrations, seven patients had lower
a double antibody radioimmunoassay (Sorin Biomedica, Saluggiggoncentrations and two had concentrations equal as compal;ged
Italy) and a competitive luminescence immunoassay (Amerlite, Amer{o the mean CA 15-3 serum concentrations of the first
sham, UK), respectively. The lower detection limits of oestradiol andmenstrual phase. Twelve out of 20 patients had higher me%1
progesterone were 18 pmol/l and 0.5 nmol/l, respectively. CA 15-3 concentrations during the follicular phase as cong
The detection limits for the CA 125 and CA 15-3 assays are 0.3%ared to the second menstrual phase (Figure 1b). Howev§r,

kUl and 0.46 kU/l, respectively. The interassay coefficients ofthese differences were not significant. Serum concentratiofis

variation for the CA 125 and CA 15-3 assays are 5.7% and 6.5%q¢ cp 15-3 during the menstrual, peri-ovulatory and luteal

respectively. The intra-assay coefficients of variation for the CA 125 . .
and CA 15-3 assays are 2.1% and 7.4%, respectivell. phases were low and also not statistically different. CA 12

LH was measured using a competitive luminescence immunoasse@pd CA 15-3 serum concentrgnons |n. the two. pauents W'tE,T_
(Ameriite). tubes that were not occluded did not differ significantly from%
the concentrations found in patients with occluded tubes (data
Statistics not shown). A significant negative correlation between CA 12%
Correlations between oestradiol and progesterone serum concent@rum concentrations and oestradiol, and a significant positiye
tions with CA 125 and CA 15-3 serum concentrations were calculatedorrelation between CA 15-3 serum concentrations and oest%—

using Pearson’s correlation coefficient teBtyvalues< 0.05 were  diol was observed { = 0.033,r = -0.1120 andP =

considered significant. To enable the comparison of absolute longitud) 04, r = 0.1487 respectively) (Figure 2a,b). No Significant’g.’
inal marker concentrations among the different subjects, relativggrrelation of CA 125 and CA 15-3 serum concentrations
marker values were calculated for each serial sample, taking aRith progesterone serum concentrations was found. Serug%n

denominators for CA 125 the maximum measurement occurrin . . -
g e sesnd mersial i (12, andfor A 153, e CeTUELENS OLCA 125, OB 1975 cestacll and pogestes
maximum measurement in the follicular phase. The Wilcoxon rank P P 9 sl
sum W test was used to compare CA 125 and CA 15-3 serum

concentrations in the different phases of the menstrual cycle. . .
Discussion

202 |udy

In the present study possible cycle related changes of both
Results serum CA 125 and CA 15-3 in infertile, otherwise healthy
The median and range CA 125 and CA 15-3 concentrationsyomen with spontaneous ovulatory cycles were assessed. Until
as obtained during the different phases of the cycle, are listedow, no longitudinal studies had been performed in which
in Table I. confounding factors were ruled out, such as endometriosis
In seven out of all 296 sera an elevated CA 125 concentratioaxterna and luteal insufficiency. In this study, laparoscopy
was found (2.4%, cut-off 35 kU/I). In 16 serum samples anexcluded occult endometriosis, ovulation was confirmed by
elevated CA 15-3 concentration was observed (5.4%, cut-offH test and transvaginal ultrasound while luteal insufficiency
30 kU/l). For CA 125, serum concentrations during menstruwas excluded on the basis of a biopsy. Also the frequency of
ation were higher than those measured in other phases of thood sampling was high: samples were obtained every second
cycle, but these differences did not reach statistical significancelay throughout the whole cycle and during the menstruation
For CA 15-3, also no statistically different cyclic pattern wasof the next cycle.
found (Table I). This was due to a high inter-individual In all 20 women, CA 125 serum concentrations were highest
variation in CA 125 and CA 15-3 serum concentrations. Toduring menstruation. Earlier reports suggested that this may
correct for this variation, relative CA 125 and CA 15-3 serumbe due to an easier access of CA 125 from the endometrial
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Table I. Median and range absolute CA 125 serum concentrations (kU/l) and absolute CA 15-3 serum
concentrations (kU/l) during sequential phases of the menstrual ayete20). M1 = menstrual phase, F
follicular phase, PG= peri-ovulatory phase, = luteal phase, M2= menstrual phase of the next cycle

M1 F PO L M2 All
CA 125
median 15.0 11.0 12.0 13.0 135 13.0
range 4-43 3-36 3-30 3-42 3-42 3-43
>35 kUl/ 5.5% 1.6% 0% 1.8% 3.7% 2.4%
CA 15-3
median 16.0 17.0 16.0 17.0 17.0 17.0
range 7-35 5-47 7-40 7-37 6-32 5-47
> 30 ku/l 2.7% 6.7% 5.7% 6.3% 3.7% 5.4%

Table Il. Median and range of relative CA 125 serum concentrations (kU/l) and relative CA 15-3 serum
concentrations (kU/I) throughout the menstrual cyele<( 20). M1 = menstrual phase, E follicular phase,
PO = peri-ovulatory phase, |= luteal phase, M2= menstrual phase of the next cycle

m12 =5 PCF L m2d All
CA 125
median 0.91 0.76 0.75 0.80 0.93 0.81
maximum value 1.93 0.94 0.95 1.33 1.00 1.93
CA 15-3 M1 F PO L M2 All
median 0.92 0.93 0.91 0.88 0.87 0.88
maximum value 1.15 1.00 1.25 1.25 1.19 1.25

aSignificantly higher as compared to folliculd? & 0.0001), peri-ovulatoryR < 0.0001) and luteal phase
(P = 0.0094).

bsignificantly lower as compared to luteal phaBe=f 0.0024).

CSignificantly lower as compared to luteal phaBe={ 0.0061).

dSignificantly higher as compared to folliculd® & 0.001), peri-ovulatory® < 0.0001) and luteal phase
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Figure 1. (a) Fluctuations of mean CA 125 serum concentrations according to different phases for individual patients with the mean value
during the menstrual phase 2 as reference vaiue @0); (b) Fluctuations of mean CA 15-3 serum concentrations according to different
phases for individual patients with the mean value during the follicular phase as referencenval 9.

epithelial lining into the circulation during menstruation et al (1997), in which higher mean CA 125 serum concentra-
(Mastropaoloet al., 1986). Other possible explanations for ations were observed during menses as compared to the luteal
rise in serum CA 125 during menses are retrograde menstryphase in 15 women with a history of bilateral tube ligation.
ation and endometriosis externa (Pittaway and Fayez, 1987; In this study, lowest CA 125 serum concentrations were
Hompeset al, 1996). CA 125 could gain access to the observed during the follicular and peri-ovulatory phase and
abdominal cavity via a tubal reflux, resulting in subsequenthigher CA 125 concentrations during the luteal phase, which
absorption via the peritoneal lymphatics or resulting in localis possibly due to a cycle dependent release of CA 125,
inflammatory reactions with subsequent coelomic CA 12%5robably from the endometrium. Interesting in this respect is
release. In this study, the influence of retrograde menstruatioa study performed by Bischadt al. (1986), who observed
could only be minor because 18 out of 20 patients had occludeduring the proliferative phase the highest CA 125 concentra-
tubes. Our observation was confirmed by a study of~Abrations in medium of cultured endometrial stromal cells. In
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Figure 2. (a) Negative correlation between relative CA 125 and oestradiol serum concentrations of all 20 pRtien@s033); p) Positive
correlation between relative CA 15-3 and oestradiol serum concentrations of all 20 p&ient8.007).
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Figure 3a—d. Relative CA 125 and CA 15-3 serum concentrations and absolute oestradiol and progesterone serum concentrations in

latic
to MUC1 luteinizing hormone (LH) peak. :
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contrast, others (Weintraukt al., 1990; Zeimetet al, 1993)  hysterectomy in both pre- and postmenopausal women have
reported that the CA 125 serum concentrations were highestiso been reported (Grovet al, 1992). In the same study,
during the secretory phase. significantly lower CA 125 concentrations were observed
This study has revealed a significant negative correlatioiin postmenopausal women receiving hormone replacement
between oestradiol and CA 125 serum concentrations. Theénerapy suggesting a negative effect of ovarian steroids on
direct effect of ovarian steroids on serum CA 125 content haserum CA 125 concentrations.
never been studied, but a hormone dependency has beenNo correlation was found between CA 125 and progesterone
suggested in studies reporting significantly higher mean CA 125erum concentrations. Others reported an inverse relation
serum concentrations in premenopausal women as comparé8rumstedet al., 1990; Lehtovirtaet al, 1990). Osazat al.
to those concentrations obtained in postmenopausal womgi987) found a positive correlation between serum CA 125
(Bon et al, 1996). Postmenopausal women who had one oand progesterone concentrations in patients with endometriosis.
both ovaries removed had significantly higher CA 125 values Little was known with respect to a possible cycle dependency
than women who retained both ovaries, independent of whethef MUC1 derived CA 15-3 serum concentrations. In this
or not a hysterectomy had been performed (Westkbfél.,  study, CA 15-3 serum concentrations were low and not
1990). Significantly decreased CA 125 concentrations aftesignificantly different in all phases of the menstrual cycle.
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Immunohistologically (Zotteret al., 1988) the CA 15-3 Bon, G.G_., Kenemans, P Verstraete_n, A& al. (1996)‘Serum tumour
. . . d ial glands. E . . . marker immunoassays in gynecologic oncology: establishment of reference
antigen is present in endometrial glands. Experiments in mice 5 yes Am. J. Obst. Gynecol174 107-114.

reported an increase of CA 15-3 during the oestrogenic phasgaga, V.M. and Gendler, S.J. (1993) Modulation of MUC-1 mucin expression
of the cycle, due to a lack of progesterone repression and notin the mouse uterus during the estrus cycle, early pregnancy and placentation.

. . J. Cell. Sci, 105, 397-405.
because of stimulation by oestrogen (Braga and Gendle{fe Bruijn, H.W.A., van Beeck Calkoen-Carpay, T., Jageet3l. (1986) The

1993). MUC1 expression in mouse uterine epithelium Was tymour marker CA 125 is a common constituent of normal cervical mucus.
shown to be strongly influenced by ovarian steroids, with Am. J. Obstet. Gynecoll54 1088-1091.
progesterone down-regulating MUC1 expression (Surveyelﬁrumsted, J.R., McBean, J.H., Deaton. Jett.al. (1990) CA-125 secretion

. S by luteal endometriunin vitro. Hum. Reprod.5, 682-684.
etal, 1995)"” vivo, Heyet al (1994) found a low constitutive Grover, S., Koh, H., Weideman, R.&t al. (1992) The effect of the menstrual

concentration of MUC1 in the endometrium with up-regulation cycle on serum CA 125 concentrations: a population stédy. J. Obstet.
of MUC1 expression in response to progesterone. The amountGynecol, 167, 1379-1381.

of MRNA coding for MUC1 increases about sixfold from the HeY: N-A., Graham, R.A., Seif, M.Vét al. (1994) The polymorphic epithelial
mucin MUC-1 in human endometrium is regulated with maximal expression

proliferative phase to the e.arly secretory phase. Apﬁml- in the implantation phase. Clin. Endocrinol. Metah.78, 337-342. o
(1994) found low concentrations of human endometrial MUCHilkens, J., Ligtenberg, M., Vos, Het al. (1992) Cell membrane-associated 2

core protein in the proliferative phase of the cycle, and a mucins and their adhesion-modulating propefends Biochem. S¢il7,
.. . . 359-363.
dramatic increase of MUCL1 in cells and luminal gland S€CTr€Yyompes. P. Koninckx, P, Kennedy, ®f al. (1996) Serum CA-125

tions during the post-ovulatory phase of the cycle, in secretions concentrations during midfollicular phase, a clinically useful and
reaching a maximum after the LH peak on day 6-7. These reproducible marker in diagnosis of advanced endometriGdis. Chem,

. : : L . : 42, 1871-1874.
immunohistochemical findings are not in agreement with th enemans, P., Bast, R., Yedema, .al. (1988) CA 125 and polymorphic

findings of this study that CA 15-3 serum concentrations epithelial mucin as serum tumour marke@ancer Rey.11/12 119-144.
during the luteal phase are low and statistically not differentenemans, P., Yedema, C.A., Bon, GeBal.(1993) CA 125 in gynecological
from all other phases of the cycle. This may be caused by the Patholoy — a review.Eur. J. Obstet. Reprod. Biolt9, 115-124.

; . ; enemans, P., Verstraeten, A.A., van Kamp, @tal. (1995) The second
nature of the CA 15-3 antigen: the glycosylation pattern of¢ generation CA 125 assayann. Med, 27, 107113,

the MUC1 molecule in uterine tissue may be different, thus_entovirta, P, Apter, D. and Stenman, U-H. (1990) Serum CA-1252
affecting the presentation and/or secretion of the epitopes in concentrations during the menstrual cyde.J. Obstet. Gynaecol97, 930.

serum in such a way that detection of MUC1 by MAb DF3 Mgstropaolo, W.,, Fgrnandez, Z. a_nd Miller, E.L. (1986) Pronour)ced increas%
. in the concentration of an ovarian tumour marker, CA 125, in serum of &

and 115D8 is altered. healthy subject during menstruatiddlin. Chem, 32, 2110-2111. 5
In summary, CA 125 antigen released from the endometriunmsaza, H., Noda, Y. and Mori, T. (1987) Progesterone increases serum CA-
seems to have access to the lymphatics and the circulation andl25 in endometriosistertil. Steril, 47, 699-701.

; ; ittaway, D.E. and Fayez, J.A. (1987) Serum CA125 antigen concentratiogs
by way of retrograde menstruation to the peritoneum wheré& increase during mense&m. J. Obstet, Gynecolls6 75-76.

local inflammat(_)ry reacti(_)ns_ of t_he r_nesothelium_ might triggergyin J.G., Brunson, G.L., Long, C.At al. (1988) CA-125 in tissues and
CA 125 production. The finding in this study of higher CA 125  amniotic fluid during pregnancyAm. J. Obstet. Gynecoll59, 644-649.
serum concentrations during the luteal phase correlates witpurveyor, G.A., Gendler, S.J., Pemberton,et.al. (1995) Expression and

findings showing an increased amount of antigen release byigeéoé%g;_rg"éznf' control of Muc-1 in the mouse uteriisdocrinology

the endometrium in this phase; the mechanism of an enhanceghias, R., Rothwell, C., Wagner, et al. (1985) Development and evaluation
antigen shedding into the circulation remains unclear since the of a radioimmunoassay for the detection of a monoclonal antibody defin

mechanism of retrograde menstruation was ruled out. The Preast tumour associated antigen 115D8/DEI. Chem, 31, 986.

. \Weintraub, J., Bischof, P., Tseng, bt al. (1990) CA 125 is an excretory
increase of CA 125 and not that of CA 15-3 serum concentra-",qyct of human endometrial glandgiol. Reprod, 42, 721-726.

tions during menstruation may be explained by the differenivesthoff, C., Gollub, E., Patel, &t al. (1990) CA 125 concentrations in
nature of both molecules. Although there is an increasing menopausal womerDbstet. Gynecql.76, 428-431.

knowledge about the CA 15-3 molecule and its mechanisrﬁeimet, A.G., Daxenbichler, G., Mler-Holzner, E.et al. (1993) Tumor
marker CA-125 in tissues of the female reproductive tract and in seru

of release from the apical cell surface, such information on gyring the normal menstrual cyclgertil. Steril., 59, 1028-1035.

the CA 125 antigen is still lacking. Zotter, Z., Hageman, P.C., Lossnitzer, #t al. (1988) Tissue and tumour
distribution of human polymorphic epithelial muci@ancer Rey.11-12
55-101.
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