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Abstract
A calcium-dependent guaiacol peroxidase (GPx) was detected in the cervix and cervical mucus. Daily
measurements of cervical mucus GPx can predict the day of ovulation by 4–5 days, since GPx activity
drops significantly as 17beta-estradiol levels peak before ovulation. After ovulation, the concomitant rise
of progesterone and GPx mark the end of the optimal time for conception. Cervical mucus was
radiolabeled with hydrogen peroxide and Na125I, instead of guaiacol, to detect proteins iodinated by GPx
in the follicular and luteal phases of the menstrual cycle. Based on the promising preliminary results, I
describe the use of the non-radioactive Na127I and mass spectrometry to detect iodinated peptides and
identify the autoiodinated GPx protein and its nearest neighbors. Among them enzymes and signaling
proteins will help untie the Gordian knot of multicomponent protein complexes and transient interactions
coordinated in the cervix during ovulatory menstrual cycles. Future studies could reveal whether different
iodinated mucus proteins and their expression levels are associated with clinical symptoms and
conditions during the menstrual cycle prompting research for new markers and therapy targets.

Introduction
Human reproduction depends on the orchestration of hormones released during the menstrual cycle. A
window to 17β-estradiol and progesterone levels in the peripheral blood was opened by monitoring the
activity of guaiacol peroxidase, which in the human uterus is expressed only in the cervix1. Cervical

mucus is produced in the endocervical epithelium by goblet epithelial cells2,3 and serves numerous
functions in reproduction, notably as a barrier to impaired sperm. As ovulation time approaches, the
precipitous drop of GPx levels correlates strongly with rising 17β-estradiol4 in synchrony with decreasing
mucus viscosity and consistency that facilitate sperm penetration. The drop of the specific activity of
GPx could be due to decreased GPx production and inactivation of secreted GPx by rising estrogens and
is attributable only in part to increased water content of the mucus4. After ovulation, the sharp rise of
serum progesterone is associated with the formation of thick mucus. GPx is increased in tandem
suggesting that progesterone overcomes the effect of estrogens on GPx expression in the luteal phase.
A mucus plug is formed if a pregnancy is achieved.

The specific activity of GPx during the menstrual cycle is shown on Fig. 1. The intriguing question is why
some ovulating women have higher GPx levels than others. Perhaps, cycles with lower progesterone
levels, indicating luteal insufficiency, would account for these differences following ovulation4.

Daily measurements of mucus GPx6 can define the optimal time for conception whether ovulation is
early or late after the end of menses; the chronology of an individual’s menstrual cycles varies7. We
noticed in a study volunteer that after the midcycle drop, her GPx remained high for the following 20 days
because, as it turned out, she had unprotected intercourse during the test cycle and had become
pregnant4. Another volunteer with normal hormone levels indicating ovulation contacted a severe vaginal
yeast infection on the fifth day of sampling. We decided to treat her infection and continue with
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sampling. GPx levels remained high throughout her cycle arising, evidently, from peroxidases of
activated lymphocytes, macrophages and neutrophils. Anovulatory cycles, spontaneous or secondary to
contraceptive hormones, show high GPx throughout the cycle.

Cervical mucus fixation and dehydration introduce artifacts. Mucus in unfixed preovulatory samples is
arranged in a dense filamentous structure with a net of interconnected fibers8. The average mesh size is
500 ± 250 nm, and the diameters of the fibers range between 10–500 nm. Ovulatory mucus is composed
of floating globules with an average size of 600 ± 200 nm, that occasionally bridge together creating a
short pearl necklace structure. In respiratory and intestinal mucus, mucin complexes promote disulfide-
mediated polymerization to produce the mucus gel scaffold8. Proteomic studies of human cervical
mucus have detected several members of the large family of heavily O-glycosylated mucins, MUC5B,
MUC5AC, MUC6, MUC1, MUC4 and MUC169. Myeloperoxidase is the only peroxidase detected in cervical
mucus by proteomic analyses10,11.

Enzyme-catalyzed proximity labeling has emerged in recent years as a method to identify local
proteomes, protein-protein, protein-RNA and protein-DNA interactions12,13. Briefly, the protein of interest
(the bait) is coupled with an engineered tagging enzyme that covalently tags its neighbors with a
peroxidase or biotin. Here, the yet unidentified cervical mucus peroxidase, which I refer to as “GPx”, is
both the bait and the labeling peroxidase iodinating tyrosine residues of itself (autoiodination) and of its
neighbors.

Results
The results of the exploratory iodination experiment I ran in 1987 with cervical mucus from a study
volunteer (Fig. 85) are shown in Fig. 2. A nurse collected mucus samples at the external os after
inserting a speculum. I iodinated samples collected on days 11, 15 and 17 after the onset of menses
which was assigned as day 1. The iodinations were carried out with Na125I and H2O2 as described in the

Methods. Na125I is a low-energy gamma emitter, with a 60-day half-life, used extensively and safely in

bench research14. The radiograms are snapshots of the iodination mixtures fractionated by 2-
dimentional isoelectric focusing and SDS-PAGE.

Figure 2. Iodination of three cervical mucus samples from a study volunteer. A. Each sample of 4–20
mg was dispersed in 0.3 M Tris-Cl pH 7.2 and 5 mM CaCl2 and iodinated, as described in Methods. After

dialysis, the dialysates were centrifuged at 100,000g for an hour at 80C and the supernatants, the soluble
fraction of cervical mucus, were fractionated by isoelectric focusing and SDS-PAGE and exposed to film;
radiograms with optimal band resolution are shown. B. The pellets of the 100,000g centrifugation, the
particulate fraction of cervical mucus, were extracted overnight in 10 mM Tris-Cl pH 7.5 and 0.5 M CaCl2,

centrifuged at 100,000g for an hour, and the supernatants were dialyzed, fractionated as in A, and
exposed to film. The GPx specific activity (units/g wet tissue), shown on Fig. 85, was 100 on day-11, 0.4
on day-15 and 22 on day-17.
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Figure 2 shows that “GPx” activity is present in the soluble and the particulate fraction of cervical mucus;
a larger number of proteins was resolved on Day-15. In Fig. 2B, a sizable fraction of particulate proteins
extracted with 0.5 M CaCl2 was degraded most likely by calcium-activated proteases. Very basic proteins
such as myeloperoxidase (molecular mass, Mr, 140 kDa and isoelectric point, pI, 9–10), lactoperoxidase
(Mr 78 kDa, pI 9.2), and eosinophil peroxidase (Mr 66–71 kDa, pI 10.8) were outside the pH range of the

isoelectric gel used. Deiodinases have very strict specificity15,16 and are unlikely to degrade the iodinated
proteins in the absence of reductants.

Methods
Cervical mucus is a non-homogeneous viscoelastic fluid. A sample of 20–400 mg was removed from the
external os with a preweighed fertility cannula6; cotton adsorbs GPx irreversibly. Since freezing
denatures the GPx activity of cervical mucus, we stored mucus at 4-80C where it maintained activity for
the few weeks I used it.

Iodination of cervical mucus at room temperature. Wet mucus (4–10 mg) was added to 10 mM Tris pH
7.2 and 5 mM CaCl2 at 100 µL/mg mucus, in a 1.5 mL Eppendorf tube and was dispersed by gentle

stirring with a glass rod. Three µL of the Na125I solution (0.3 mCi) were added to the mixture and stirred
gently for 10 min. Ten µL of 0.3% H2O2 were added per mL and the mixture stirred gently for 15 min.
Another 10 µL H2O2 were added for 15 min. The reaction was stopped by freezing in acetone-dry ice
bath, and the reaction mixture was dialyzed with tubing of 6–8,000 molecular weight cut-off in 10 mM
Tris pH 7.2 for 3 hours changing dialysis buffer every hour. To the dialysate was added an equal volume
of 20 mM Tris pH 7.2 and the dialysis continued overnight at 40C. The dialysate was centrifuged at
100,000g for an hour and the supernatant solution, the soluble fraction, was dialyzed for 2 hours in 10
mM HEPES buffer pH 7.2 containing 10 mM calcium acetate changing the buffer after one hour and was
stored at -200C and used in the experiments. The pellet of the 100,000g centrifugation, the particulate
fraction, was incubated overnight in 10 mM Tris pH 7.2 and 0.5 M CaCl2, centrifuged at 100,000g for an
hour and the supernatant solution was further treated as the soluble fraction.

Isoelectric focusing and SDS-PAGE. The dialysates were fractionated with isoelectric focusing and SDS-
PAGE gels followed by radiography.

Discussion
Heme peroxidases defend against invading bacteria, fungi, parasites and viruses and catalyze a number
of other reactions in the human cervix. Here, I describe the use of “GPx”, the unidentified peroxidase, to
iodolabel proteins mainly at tyrosine residues and mass spectrometry to identify them and “GPx”.
Marchalonis17 used lactoperoxidase from whey to radiolabel immunoglobulins and found that
lactoperoxidase iodinated itself also; a synthetic peptide was iodinated at the tyrosine but not at its
histidine residue. Could the soluble and the particulate autoiodinated protein “GPx” be a new peroxidase,
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an isoform of a peroxidase or a combination of peroxidases? Among the mammalian heme peroxidases
likely to be “GPx” are myeloperoxidase, lactoperoxidase, thyroid peroxidase and eosinophil peroxidase18,
but their levels are not known to correlate with sex steroid hormone levels during the menstrual cycle.
GPx activity of endocervical epithelium is inhibited by estrogens1 and cervical mucus GPx correlates

with estradiol and progesterone serum levels4,6. There are many estrogen-interacting proteins, such as
protein disulphide isomerase (PDI) inhibited by estrogens in vitro14, and AGR2, an estrogen-responsive
secreted PDI19 essential for the production of intestinal mucus, and a selective sensor of mucin

misfolding as a non-canonical PDI20.

The zwitterionic non-denaturing detergent ASB-1421 should be tested to extract mucus while preserving
protein-protein interactions. Specifically, cervical mucus is homogenized in 5 mM CaCl2 and ASB-14,
centrifuged at 100,000g and the supernatant solution is used for various analyses. Also, cervical mucus
can be homogenized in 5 mM CaCl2 and as shown in Methods, the soluble and particulate fraction, the

latter extracted with ASB-14, studied separately. Although iodine-125 is not used in bench research now
as in the past it could show expeditiously under what conditions of the redox environment22 in the
soluble and particulate fractions the iodinating “GPx” might be rate-limiting as the iodination radius13 is
extended. Iodine-125 could also facilitate tracing molecules, besides soluble proteins, which may be
iodinated.

Since mucins contain relatively few tyrosine residues, the iodination radius could be adjusted to test if
the abundant cervical mucins can be bypassed to label enzymes and other signaling proteins with higher
number of tyrosine residues. In the mass spectrometric analysis, protein digestion is carried out from
the N-terminus with trypsin and from the C-terminus with other reagents, such as GluC, to prevent also
over digestion by trypsin of very basic proteins21 in cervical mucus. The detection of peptides with 127I-

tyrosine can be made by adapting earlier proteomic methods23–25. The identification of “GPx” by mass
spectrometry will be facilitated if there is no significant iodo-peptide background in the cervix since
mammalian peroxidases share amino acid sequence similarities18. As an endogenous peroxidase, “GPx”
and iodine, a small tag, are not expected to disrupt the structure of native cervical mucus but added
H2O2 might unless used sparingly. As the iodination radius13 is extended, mass spectrometric analyses

will map the spatial distribution of interacting iodinated proteins around “GPx”. Incubating cervical
mucus with substrates, inhibitors and effectors of proximal enzymes may change the proximity labeling
targets and point to structural reorganizations as they occur during the cycle.

Thyroid peroxidase (TPO) forms mucus plugs in airway epithelial cells, but not by its canonical reaction
as a tyrosine iodinase26. TPO is not confined to the thyroid gland26, but has not been detected in the
human cervix. In the biosynthesis of thyroid hormones, TPO is supplied with H2O2 by membrane-bound

calcium-dependent DUOX2, the NADPH dual oxidase 227. DUOX2 supplies H2O2 also to lactoperoxidase.

Myeloperoxidase (MPO) catalyzes non-canonical reactions28, and recently a ground breaking study
showed that a non-catalytic function of neutrophil MPO converts chromatin into an immune effector,
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independently of its peroxidase activity which is still active but uncoupled from its monomeric-dimeric
structure29. MPO monomers and dimers have identical enzymatic activity29, which may prove relevant to
the activity of soluble and particulate “GPx” on Fig. 2. Note that mitiperstat is an irreversible inhibitor of
MPO. The discovery of a non-canonical tricarboxylic acid cycle in normal cells30 points to an intriguing
metabolic mechanism that may operate in the cervix.

Great advances in proteomic strategies allow the identification of endogenous protein-protein
interactions by a variety of analytical methods including proximity labeling31. In HEK293 cell cultures,
APEX peroxidase labeled preferentially proteins in metabolic pathways within a 20 nm radius of the
enzyme, whereas biotin-ligase BioID favored membrane proteins within a 10 nm radius32. Does the
iodination of cervical mucus by the endogenous “GPx” have directionality32, for example, to intrinsically
disordered proteins and regions? Disordered protein structural ensembles can be predicted from the
amino acid sequence with STARLINK33.

Novel methods in cancer research with mucin-selective proteases34 could be used to degrade one of the
mucins in cervical mucus samples and determine its effect on the iodination reaction. Removal of select
mucins may provide insights about the mucus scaffold around “GPx” and the potential catalytic role of
“GPx” to support the functions of mucus during the menstrual cycle.

A supplemental list of proximity enzymes and signaling proteins in cervical mucus can be obtained by
analyzing also the endocervical epithelium from unfrozen and frozen hysterectomy tissues1. Samples of

endocervical epithelium are extracted in 5 mM CaCl2 with ASB-1421, spun at 100,000g and the
supernatant solution used in immunoprecipitations of key proteins from the iodination lists to detect
their partners; western blots21 will confirm which partners are exported in cervical mucus during the
cycle. The comprehensive list of proteins could be used to discover sentinel proteins in cervical mucus
for various clinical presentations. Whole mount immunofluorescence can show protein-protein
interactions in 3D21 in the vascular structure of the cervical epithelium.

There is increasing interest in cervical mucus exosomes35. Vaginal bacteria-derived extracellular
vesicles, with a 50–250 nm diameter, can penetrate the luteal phase cervical mucus barrier whereas
bacteria cannot36. In cancer, mitochondria traffic reprograms the metabolism of recipient cells37;
mitochondria traffic may occur in the cervix during the menstrual cycle, in pregnancy and labor. The
discovery that hormones influence whole-brain structural dynamics across the menstrual cycle38, adds
the ultimate dimension to research for molecular communications during the menstrual cycle.

Expanding knowledge of tissue-resident macrophages21,39–41 poses many questions. Does “GPx” reside
in macrophages of the human cervix, and as ovulation occurs with weeks-long regularity could metabolic
economy dictate that groups of proteins be stored in subtissular niches42, that may be present in the
cervix, to be activated by hormones? Moreover, in the absence of inflammation do macrophages and
mucins link43 to regulate the structure of cervical mucus? The proximity method I describe will identify
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proteins secreted in the cervical mucus of infection-free ovulating women and serve as background to
detect differences of iodinated proteins in the cervical mucus of women with endocrine disorders and
help, especially, couples having difficulties in reproduction.

Declarations
The missing statements are: Statement of ethics approval. The cervical mucus samples in Figure 2 were
obtained after approval of the IRB/ethics Committee at the University of Illinois Medical Center in
Chicago, IL. Statement of participant consent. The participant signed consent to participate in the study
and to allow the results to be published.

Ethics approval and consent to participate: Not applicable.

Consent for publication:

Not applicable.

Competing interests:

The author declares no competing financial interests.

Funding
This study was carried out at the University of Illinois Medical Center in Chicago and was supported by
grant RO1 HD17164 (1983–1984) and subcontract no. 360 from the Program for Applied Research on
Fertility Regulation with the United States Agency for International Development (AID) to JCMT.

Data availability:
No additional data are available than provided in this article.

References
1. Tsibris JC et al (1982) Distribution of guaiacol peroxidase in human endometrium and endocervical

epithelium during the menstrual cycle. J Clin Endocrinol Metab 54:991–997.
https://doi.org/10.1210/jcem-54-5-991

2. Vagios S, Mitchell CM, Mutual Preservation (2021) A Review of Interactions Between Cervicovaginal
Mucus and Microbiota. Front Cell Infect Microbiol 11:676114.
https://doi.org/10.3389/fcimb.2021.676114

3. Izadifar Z et al (2024) Mucus production, host-microbiome interactions, hormone sensitivity, and
innate immune responses modeled in human cervix chips. Nat Commun 15:4578.

Page 7/12



https://doi.org/10.1038/s41467-024-48910-0

4. Tsibris JC, Langenberg PW, Khan-Dawood FS, Spellacy WN (1985) Cervicovaginal peroxidases: sex
hormone control and potential clinical uses. Fertil Steril 44:236–240

5. Tsibris JC, Lewis V, Langenberg PW, Chatterton RT Jr., Spellacy WN (1989) Cervical mucus enzymes
as markers of the woman's fertile period. Suppl Int J Gynecol Obstet 1:73–82

6. Tsibris JC et al (1986) Cervicovaginal peroxidases: markers of the fertile period. Obstet Gynecol
67:316–320

7. Malliou-Becher MN et al (2026) Variations in ovulation time and menstrual cycle characteristics:
analysis of a prospective long-term cohort study. Hum Reprod 41:959–968.
https://doi.org/10.1093/humrep/deag057

8. Fass D, Thornton DJ (2023) Mucin networks: Dynamic structural assemblies controlling mucus
function. Curr Opin Struct Biol 79:102524. https://doi.org/10.1016/j.sbi.2022.102524

9. Izadifar Z et al (2022) Modeling mucus physiology and pathophysiology in human organs-on-chips.
Adv Drug Deliv Rev 191:114542. https://doi.org/10.1016/j.addr.2022.114542

10. Grande G et al (2015) Proteomic characterization of the qualitative and quantitative differences in
cervical mucus composition during the menstrual cycle. Mol Biosyst 11:1717–1725.
https://doi.org/10.1039/c5mb00071h

11. Fernandez-Hermida Y et al (2022) Light Microscopy and Proteomic Patterns of Ovulation in Cervical
Mucus. Life (Basel) 12. https://doi.org/10.3390/life12111815

12. Rees JS, Li XW, Perrett S, Lilley KS, Jackson AP (2015) Protein Neighbors and Proximity Proteomics.
Mol Cell Proteom 14:2848–2856. https://doi.org/10.1074/mcp.R115.052902

13. Qin W, Cho KF, Cavanagh PE, Ting AY (2021) Deciphering molecular interactions by proximity
labeling. Nat Methods 18:133–143. https://doi.org/10.1038/s41592-020-01010-5

14. Tsibris JC et al (1989) Selective inhibition of protein disulfide isomerase by estrogens. J Biol Chem
264:13967–13970

15. Friedman JE, Watson JA Jr., Lam DW, Rokita SE (2006) Iodotyrosine deiodinase is the first
mammalian member of the NADH oxidase/flavin reductase superfamily. J Biol Chem 281:2812–
2819. https://doi.org/10.1074/jbc.M510365200

16. Schweizer U, Steegborn C (2015) New insights into the structure and mechanism of iodothyronine
deiodinases. J Mol Endocrinol 55:R37–52. https://doi.org/10.1530/JME-15-0156

17. Marchalonis JJ (1969) An enzymic method for the trace iodination of immunoglobulins and other
proteins. Biochem J 113:299–305. https://doi.org/10.1042/bj1130299

18. Singh E et al (2024) Exploring mammalian heme peroxidases: A comprehensive review on the
structure and function of myeloperoxidase, lactoperoxidase, eosinophil peroxidase, thyroid
peroxidase and peroxidasin. Arch Biochem Biophys 761:110155.
https://doi.org/10.1016/j.abb.2024.110155

Page 8/12



19. Vanderlaag KE et al (2010) Anterior gradient-2 plays a critical role in breast cancer cell growth and
survival by modulating cyclin D1, estrogen receptor-alpha and survivin. Breast Cancer Res 12:R32.
https://doi.org/10.1186/bcr2586

20. Law ME et al (2025) Non-Canonical, Strongly Selective Protein Disulfide Isomerases as Anticancer
Therapeutic Targets. Biomolecules 15. https://doi.org/10.3390/biom15081146

21. Ho SJ et al (2024) Proteomic studies of VEGFR2 in human placentas reveal protein associations
with preeclampsia, diabetes, gravidity, and labor. Cell Commun Signal 22:221.
https://doi.org/10.1186/s12964-024-01567-0

22. Yin HQ, Zhang S, Liu SL, Wang ZG (2026) Proximity labeling: A powerful tool for mapping protein
interactions. Biosens Bioelectron 315:119226. https://doi.org/10.1016/j.bios.2026.119226

23. Jokumsen KV, Huhle VH, Hagglund PM, Davies MJ, Gamon LF (2024) Elevated levels of iodide
promote peroxidase-mediated protein iodination and inhibit protein chlorination. Free Radic Biol
Med 220:207–221. https://doi.org/10.1016/j.freeradbiomed.2024.04.230

24. Cohen AM, Kostyleva R, Chisholm KA, Pinto DM (2012) Iodination on tyrosine residues during
oxidation with sodium periodate in solid phase extraction of N-linked glycopeptides. J Am Soc Mass
Spectrom 23:68–75. https://doi.org/10.1007/s13361-011-0262-1

25. Cruz LC et al (2024) Identification of tyrosine brominated extracellular matrix proteins in normal and
fibrotic lung tissues. Redox Biol 71:103102. https://doi.org/10.1016/j.redox.2024.103102

26. Liegeois MA et al (2024) Peroxidase-mediated mucin cross-linking drives pathologic mucus gel
formation in IL-13-stimulated airway epithelial cells. JCI Insight 9.
https://doi.org/10.1172/jci.insight.181024

27. Carvalho DP, Dupuy C (2017) Thyroid hormone biosynthesis and release. Mol Cell Endocrinol 458:6–
15. https://doi.org/10.1016/j.mce.2017.01.038

28. Vanhamme L, Zouaoui Boudjeltia K, Van Antwerpen P, Delporte C (2018) The other myeloperoxidase:
Emerging functions. Arch Biochem Biophys 649:1–14. https://doi.org/10.1016/j.abb.2018.03.037

29. Burn GL et al (2025) Myeloperoxidase transforms chromatin into neutrophil extracellular traps.
Nature 647:747–756. https://doi.org/10.1038/s41586-025-09523-9

30. Arnold PK et al (2022) A non-canonical tricarboxylic acid cycle underlies cellular identity. Nature
603:477–481. https://doi.org/10.1038/s41586-022-04475-w

31. Yu C, Adavikolanu R, Kaake RM, Huang L (2025) Mass Spectrometry-Based Proteomics
Technologies to Define Endogenous Protein-Protein Interactions and Their Applications to Cancer
and Viral Infectious Diseases. Mass Spectrom Rev. https://doi.org/10.1002/mas.21926

32. Battison AS, Balsbaugh JL, Borniger JC (2025) APEX2 and TurboID define unique subcellular
proteomes. Sci Rep 15:43547. https://doi.org/10.1038/s41598-025-27545-1

33. Novak B, Lotthammer JM, Emenecker RJ, Holehouse AS (2026) Accurate predictions of disordered
protein ensembles with STARLING. Nature. https://doi.org/10.1038/s41586-026-10141-2

Page 9/12



34. Pedram K et al (2024) Design of a mucin-selective protease for targeted degradation of cancer-
associated mucins. Nat Biotechnol 42:597–607. https://doi.org/10.1038/s41587-023-01840-6

35. Gutzeit O et al (2025) Cervical mucus in linked human Cervix and Vagina Chips modulates vaginal
dysbiosis. NPJ Womens Health 3:5. https://doi.org/10.1038/s44294-025-00054-2

36. Steinman D et al (2026) Vaginal bacteria-derived extracellular vesicles diffuse through human
cervicovaginal mucus to enable microbe-host signaling. NPJ Biofilms Microbiomes 12:10.
https://doi.org/10.1038/s41522-025-00866-9

37. Ishino T, Inutsuka Y, Ikeda H, Togashi Y (2025) Mitochondrial transfer at the crossroads of cancer,
stromal, and immune cells. Trends Cell Biol. https://doi.org/10.1016/j.tcb.2025.10.004

38. Heller C et al (2025) Hormonal milieu influences whole-brain structural dynamics across the
menstrual cycle using dense sampling in multiple individuals. Nat Neurosci 28:2588–2600.
https://doi.org/10.1038/s41593-025-02066-2

39. Lazarov T, Juarez-Carreno S, Cox N, Geissmann F (2023) Physiology and diseases of tissue-resident
macrophages. Nature 618:698–707. https://doi.org/10.1038/s41586-023-06002-x

40. Zhao J, Andreev I, Silva HM (2024) Resident tissue macrophages: Key coordinators of tissue
homeostasis beyond immunity. Sci Immunol 9:eadd1967.
https://doi.org/10.1126/sciimmunol.add1967

41. Araujo David B et al (2026) Kupffer cells in liver homeostasis and disease: from immune sentinels to
metabolic gatekeepers. Nat Rev Immunol 26:538–554. https://doi.org/10.1038/s41577-026-01288-
0

42. Chakarov S et al (2019) Two distinct interstitial macrophage populations coexist across tissues in
specific subtissular niches. Science 363. https://doi.org/10.1126/science.aau0964

43. Janssen WJ, Stefanski AL, Bochner BS, Evans CM (2016) Control of lung defence by mucins and
macrophages: ancient defence mechanisms with modern functions. Eur Respir J 48:1201–1214.
https://doi.org/10.1183/13993003.00120-2015

Figures

Page 10/12



Figure 1

GPx levels in 41 menstrual cycles from different individuals and two from the same individual, shown in
blue. All the women were free of infections. Day 0 is the day after the peak of luteinizing hormone (LH) in
peripheral blood. GPx is measured spectrophotometrically from the initial linear oxidation of guaiacol (2-
methoxyphenol) in the presence of H2O2 to form the transient product with the suggested structure.

Figure 1 was Figure 7 in Tsibris et al5 and is redrawn here in a simpler form.
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Figure 2

Iodination of three cervical mucus samples from a study volunteer. A. Each sample of 4-20 mg was
dispersed in 0.3 M Tris-Cl pH 7.2 and 5 mM CaCl2 and iodinated, as described in Methods. After dialysis,

the dialysates were centrifuged at 100,000g for an hour at 80C and the supernatants, the soluble fraction
of cervical mucus, were fractionated by isoelectric focusing and SDS-PAGE and exposed to film;
radiograms with optimal band resolution are shown. B. The pellets of the 100,000g centrifugation, the
particulate fraction of cervical mucus, were extracted overnight in 10 mM Tris-Cl pH 7.5 and 0.5 M CaCl2,
centrifuged at 100,000g for an hour, and the supernatants were dialyzed, fractionated as in A, and
exposed to film. The GPx specific activity  (units/g wet tissue), shown on Figure 85, was 100 on day-11,
0.4 on day-15 and 22 on day-17.
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