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[Abstract]

Various reports suggest that women experience hormonal imbalance or repeated psychiatric disorders owing to
changes in their environment after giving birth. Because the incidence of post-partum depression is 10—15%,
proper treatment or care for patients with this disorder is critical, worsening of depression during this period can
weaken the bond between mother and child, lead to maternal suicide, or result in child neglect. These outcomes
can affect the infant’s neural development. Selective serotonin reuptake inhibitors (SSRIs) are used as the primary
drug of choice in Western countries for the treatment of post-partum depression owing to advantages such as fewer
adverse drug reactions and higher efficacy than other antidepressants. However, in recent years, it has been
reported that fluoxetine, a type of SSRI, inhibits lactation. Although this suggests that mothers administered SSRIs
may not be able to adequately breastfeed, the precise mechanism has not been elucidated.

Mammary glands are tissues that functionally undergo major changes during gestation, lactation, and involution.
Specifically, mammary epithelial cells that produce milk, rapidly multiply, with significant functional development
through interaction with various hormones and acquire the ability to produce milk during the lactation period. The
anterior pituitary hormone, prolactin (PRL), is known to positively regulate milk production and facilitate the
synthesis of breast milk proteins in the lactating mammary epithelial cells. Various analyses have been conducted
on the control mechanism of breast milk proteins produced by mammary epithelial cells. Specifically, it has been
reported that the PRL receptor-mediated Janus kinase2/signal transducer and activator transcription 5
(Jak2/STAT?S) signaling cascade contributes to the expression of B-casein, which is the marker for lactation in
mammary glands. In recent years, a biologically active substance that suppresses breast milk production has been
reported, and reports have suggested that serotonin (5-HT) may be a causative factor. Mammary epithelial cells
during lactation activate 5-HT synthesis as well as production of breast milk, causing secretion of 5-HT into the
breast milk; 5-HT in the breast milk aids in the regulation of breast milk production. In addition, although studies
using mammary epithelial cells of mice and cows reported that 5-HT inhibits the expression of B-casein, the
control mechanism has not been elucidated. Therefore, it is necessary to examine the control mechanism of 5-HT
in breast milk production to evaluate its influence on the lactation function of SSRI, since the action mechanism of
SSRIs is mediated by 5-HT.

In chapter 1, an author examined the benefits of a cultivation system with MCF-12A, which are immortalized
cells derived from normal tissue of human origin. The results showed that the expression levels of B-casein and
phosphorylated STATS in MCF-12A increased depending on the additive concentration of PRL and decreased
depending on the additive concentration of 5-HT. In MCF-12A cells, the author confirmed the expression of
tryptophan hydroxylase (TPH1), which contributes to 5-HT transporter (SERT) or 5-HT synthesis, in mammary
glands and confirmed the release of the synthesized 5-HT. As a result, the experimental system using MCF-12A
showed the existence of a 5-HT control mechanism and demonstrated the response to biologically active substances
(PRL and 5-HT) known to affect breast milk production. Therefore, the author considered a cultivation system that

uses MCF-12A that can evaluate the effect of SSRIs on breast milk production.



In chapter 2, the author identified 5-HT receptors that contribute to the regulation of f-casein by 5-HT in order to
examine its control mechanism. In this chapter, the author first evaluated the expression of four 5-HT receptor
subtypes in MCF-12A (5-HTR |p, 24 3B, 7), in order to confirm their expression in human mammary epithelial cells.
The results showed the expression of all four receptors in MCF-12A and that the expression level of each one was
induced by PRL treatment. The author also examined whether 5-HTR,p and 5-HTR;, which have higher expression
levels than the other two receptors, contribute to the regulation of B-casein expression by 5-HT. The reduction of
B-casein and pSTATS/STATS levels by 5-HT in MCF-12A was not regulated by co-treatment with the 5-HTR;p
inhibitor, BRL15572. Instead, inhibition occurred in response to treatment with the 5-HTR; inhibitor, SB269970.
These results clarify that 5S-HTR; contributes to the suppression of B-casein expression by 5-HT in MCF-12A.

In chapter 3, the author examined the control mechanism of -casein by SSRI. First, the author evaluated the
effect of three SSRIs commonly used in Japan (fluvoxamine maleate, paroxetine hydrochloride, and sertraline
hydrochloride) on B-casein expression. Each of these three SSRIs suppressed B-casein expression in MCF-12A.
Here, the author focused only on fluvoxamine maleate (FLV) and examined the control mechanism of FLV for
B-casein expression. The B-casein and pSTATS/STATS levels in cells independently treated with FLV significantly
decreased compared to the control value. In addition, although the expression level of B-casein in cells co-treated
with FLV and SB269970 was higher than that in cells independently treated with FLV, it showed a tendency to be
lower than the value in cells individually treated with SB269970. These results suggest that the mechanism of
action different from endogenic serotonin action may greatly contribute to the suppression of B-casein expression
by FLV. Subsequently, the author focused on the endoplasmic reticulum stress inductive action of SSRIs as the
mechanism of action different from FLV and evaluated whether FLV induces endoplasmic reticulum stress in the
experimental system in this study. The expression levels of TPH1 and SERT in cells individually treated with FLV
were comparable to the value of untreated cells; however, the expression level of the endoplasmic reticulum stress
marker, glucose-related protein 78/binding immunoglobulin (GRP78/BiP), significantly increased. The results
clarified that FLV induces endoplasmic reticulum stress in the experimental system of this study. Furthermore, the
author examined the variation in B-casein, pSTATS, STATS, TPH1, SERT, and GRP78/BiP expression by using the
endoplasmic reticulum stress-inducing drug, tunicamycin, to examine whether the induction of endoplasmic
reticulum stress affects B-casein expression. Although the results did not show a change in the expression of TPH1
and SERT in cells treated with tunicamycin, the expression level of B-casein and pSTATS5/STATS significantly
decreased, and conversely, the expression level of GRP78/BiP significantly increased. These results are consistent
with behavior of cells individually treated with FLV and suggest that endoplasmic reticulum stress induction
contributes to the suppression of B-casein expression by FLV. The results clarify that endoplasmic reticulum stress
action greatly contributes to the suppression of (-casein expression by FLV and that FLV inhibits STATS
phosphorylate and suppresses -casein expression.

This study found that pharmaceutical products that induce endoplasmic reticulum stress similar to SSRIs could
possibly suppress lactation. The author deem it necessary to analyze breast milk components in lactating women
administered SSRIs, to analyze breast milk proteins such as secretory IgA or essential components for suckling

infants such as fat, and to conduct further studies to provide feedback to the clinical site, in the future.
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