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Background

Mouse cervico-vaginal cellular immunity

Neutrophils are the most abundant leukocyte in the human body. Men have
higher average neutrophil and lymphocyte counts in blood but premenopausal women have a larger neutrophil compartment (neutrophils as a
fraction of total leukocytes) and this compartment further expands during
pregnancy (1). The human body makes one billion neutrophils per day per
kilogram of body weight (2). A small subset of circulating neutrophils return to
the bone marrow or take up extended residence in organs such as the spleen,
liver and lungs (3). The fate of the majority is unknown. We propose to
demonstrate that the mucosal surfaces of the mouth, vagina and cervix, as
entry points to the body, are populated with neutrophils that have exited the
circulation and egressed irreversibly into the mucus.

Human cervico-vaginal cellular immunity

Method and results: Two hundred cervical cytobrushes were obtained with
informed consent and were prepared and analysed using flow cytometry.
Fluorescence-labelled antibodies against CD235a (not shown) and CD45
(above, B) were used to identify red blood cells (contaminant) and
white blood cells, respectively. Neutrophils were identified using
antibodies against CD11b, CD11c, CD13, CD15, CD16, CD64 and CD66b.
Macrophages were identified using antibodies that against HLA-DR, CD4,
CD11b, CD11c, CD13, CD14, CD33, CD64, CD68, CD103, CD163 and CX3CR1. T
cells were identified using anti-CD3 and anti-CD4. B cells were identified using
anti-CD19, anti-CD20 and anti-CD21.

Methods and results: Eleven mouse vaginal lavages at different stages of the
estrus cycle were prepared and analysed using flow cytometry. White blood
cells were identified using anti-CD45. Neutrophils were identified by
their expression of Ly6G (Gr1) using both the 1A8 clone and the RB6 clone as
well as CD11b. Macrophages were identified using F4/80. T cells were
identified using CD3 and B cells using CD19. Ten micrograms of the 1A8 clone
was injected into the tail vein of 3 mice in estrus to see if labelled cells could
be recovered in the lavages. (A) Leukocytes (CD45+) recovered in vaginal
lavages are neutrophils expressing Ly6G and CD11b. (B) Estrus is characterised
by the absence of vaginal leukocytes (neutrophils). Diestrus is characterised
by the appearance of > 106 neutrophils. (C) Vaginal neutrophils originate in
the circulation and migrate to the vagina as it transitions from estrus to
diestrus. Anti-Ly6G clone 1A8 conjugated to APC (10 ug) was injected into the
tail veins of 3 female mice on day 1 post estrus. On day 2 post estrus
(diestrus), cells were recovered by vaginal lavage. The recovered leukocytes
were bound with injected Ly6G APC-conjugated antibody indicating that they
are neutrophils and they originated in the circulation and migrated to the
.
cervix and/or
vagina as part of the estrus cycle.

Contact

Funders

Patricia Hunter
UCL Great Ormond Street Institute of Child Health
30 Guilford Street London WC1N 1EH
Patricia.Hunter@ucl.ac.uk

Action Medical Research
The Henry Smith Charity
The Exilarch Foundation
NIHR Biomedical Research Centre
The Wellcome Trust
The UKRI Medical Research Council

Oral cellular immunity

Method and results: Ten saliva samples obtained with informed consent and
were prepared and analysed using flow cytometry. Fluorescence-labelled
antibodies against CD45 were used to identify white blood cells. Neutrophils
were identified using antibodies against CD11b, CD11c, CD13, CD15, CD16,
CD64 and CD66b. Macrophages were identified using antibodies that against
HLA-DR, CD11b, CD11c, CD13, CD14, CD68 and CD163. T cells were
identified using anti-CD3 and anti-CD4. B cells were identified using antiCD19.

Observations about immune cells at mucosal entry
points to the body
1. Epithelial cells were identified in all samples as the cells that absorbed all
fluorescence wavelengths.
2. Neutrophils were the dominant leukocyte type recovered from mucus,
lavage and saliva samples comprising greater than 90% of total leukocyte
population.
3 Macrophages were the second most abundant leukocyte population in the
human samples.
4. T cells comprised a small minority population (<0.1%) in <10% of the cohort
that was free of blood contamination. B cells were never identified.
5. Only neutrophils were recovered from mouse vaginal lavages and these
were only apparent in the metaestrus phase (figure 1).
6. Injection of the 1A8 antibody into the tail vein and recovery of bound
neutrophils from the vaginal lavage demonstrates that the vagina is populated
with neutrophils that have left the circulation and egressed into the mucus.

Conclusions
These observations may contribute to explaining the high rate of neutrophil
turnover in mammals and increased production in females. Disorders in
neutrophil homeostasis and trafficking may increase susceptibility to HIV, HSV
and HPV infection, vaginal dysbiosis and in pregancy, ascending infection
leading to preterm labour and membrane rupture (4).
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