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CCL8 Promotes Postpartum Breast Cancer
by Recruiting M2 Macrophages

Elena Farmaki,! Vimala Kaza,” loulia Chatzistamou,® and Hippokratis Kiaris'24*

SUMMARY

The microenvironment of postpartum mammary gland promotes tumor growth
and metastasis in animal models and is linked to increased risk of breast cancer
and poor disease outcome in patients. Our previous studies showed the involve-
ment of the chemokine CCL8 in breast cancer metastasis through modulation of
the tumor-promoting activity of the tumor microenvironment. Here we show that
CCL8 is highly expressed during mammary gland involution and enhances the
infiltration of M2 subtype macrophages at the second phase of involution. Cancer
cellinoculation studies in Ccl8-deficient animals indicate that CCL8 accelerates tu-
mor onset during involution but not in nulliparous animals. Depletion of macro-
phages abolished the tumor-promoting effect of CCL8 in involution suggesting
the specific role of CCL8 in promoting tumor growth by recruiting macrophages.
These results underscore the role of CCL8 in the development of postpartum
breast cancer and suggest the potential value of targeting CCL8 in disease man-
agement.

INTRODUCTION

Breast cancer is the most common cancer in women after skin cancer. Even though cancer mortality has
been decreased, breast cancer remains a fatal disease, with 266,120 estimated new cases in the United
States and an estimated mortality rate of 40,920 (https://seer.cancer.gov/statfacts/html/breast.html).
The primary cause of death by breast cancer is the dissemination of the cancer cells prior to disease diag-
nosis and treatment that results in tumor growth at secondary sites and metastases (Fidler, 2003; Vanhar-
anta and Massague, 2013).

Postpartum mammary cancer that includes breast cancers that develop within 10 years after child birth rep-
resents a distinct type of the disease that accounts for about 29% of all breast cancers for Caucasian women
diagnosed <45 years (Goddard et al., 2019; Callihan et al., 2013). Postpartum breast cancer has a poor
prognosis (Hartman and Eslick, 2016; Andersson et al., 2015; Johansson et al., 2011; Cottreau et al.,
2019) compared with non-postpartum breast cancer or of that during pregnancy (Johansson et al., 20171;
Van den Rul et al., 2011) because of increased risk of metastasis. Even though pregnancy has a protective
effect against breast cancer, this effect is exerted only many years after childbirth (Ishida et al., 1992; Lambe
etal., 1994). Contrarily, in a short period after pregnancy there is a transient risk for breast cancer that peaks
between 5and 10 years postpartum (Goddard et al., 2019; Schedin, 2006). Even though breast cancer death
rates overall are decreasing, postpartum breast cancer remains a principal cause of mortality especially for
young women (Goddard et al., 2019; Callihan et al., 2013).

Although the metastatic ability is inherent to the cancer cells, certain factors have been identified as potent
activators of the process. One of these factors is mammary gland involution, a process in which the lactating
gland returns to a morphologically nonsecretory pre-pregnant state and involves extensive tissue remod-
eling. Involution is characterized by the alveolar programmed cell death, mammary gland remodeling, and
adipocyte repopulation (Strange et al., 1992; Zaragoza et al., 2015). The microenvironment of the involuting
gland has been shown to be tumor promoting in different experimental mouse models (McDaniel et al.,
2006; Martinson et al., 2015; Lyons et al., 2011; Bemis and Schedin, 2000). Involution occurs in two phases.
The first one is reversible, is characterized by epithelial cell death, and is macrophage dependent (Lund
et al., 1996; O'Brien et al., 2012). The second phase is non-reversible and is characterized by further cell
death, accompanied by tissue-remodeling, collapsing of the lobuloalveolar structures, and adipocyte re-
population (Lund et al., 1996).
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The mechanisms through which the microenvironment of involution promotes tumor growth include acti-
vated fibroblasts (Guo et al., 2017), increased fibrillar collagen, COX-2 (cyclooxygenase-2) overexpression
from epithelial cells, abundant extracellular matrix (ECM) immune cell infiltration, and lymphangiogenesis
(O'Brien et al., 2012; Li et al., 2017; Schedin et al., 2004; Lyons et al., 2014; Fornetti et al., 2014; Tamburini
etal.,, 2019; Borges et al., 2016; Elder et al., 2018. Based on these findings therapeutic strategies have been
proposed targeting either the immune cells such as immunotherapy (Fornetti et al., 2014) or non-steroidal
anti-inflammatory drugs (NSAIDs) (Lyons et al., 2014; Pennock et al., 2018) for COX-2 inhibition and sup-
pression of fibroblasts’ tumor promoting activity (Guo et al., 2017).

The inflammatory microenvironment of involution is characterized by the upregulation of chemokines
(Bambhroliya et al., 2018; Stein et al., 2009; Ron et al., 2007; Clarkson and Watson, 2003). Our previous
studies showed the involvement of the chemokine CCL8 in cancer and metastasis through modulation
of the tumor-promoting activity of the tumor microenvironment. Ccl8 is a member of a conserved chemo-
kine cluster, known as CC cluster, located in the conserved MCP region of the chromosome 11C in mice and
17912 in humans (Nomiyama et al., 2001). CCL8 is involved in the immune response by attracting mono-
cytes, T lymphocytes, natural killer cells (NK), basophils, mast cells, and eosinophils (Sozzani et al., 1994;
Proost et al., 1996; Ruffing et al., 1998). According to our and others’ results cancer cells can stimulate
CCL8 production in adjacent stromal fibroblasts in breast and colon cancers (Farmaki et al., 2016, 2017,
Torres et al., 2013). The prometastatic activity of CCL8 has been associated to the development of a
CCLS8 gradient between the neoplastic epithelium, the stroma, and the peripheral tissues and is correlated
with poor prognosis in patients with breast cancer (Farmaki et al., 2016). This significance of CCL8 in regu-
lating the directional movement of other cell types such as the innate lymphoid cells in the lungs was also
recently confirmed and extended, underscoring the role of CCL8 in orchestrating cell migration in different
pathophysiological conditions (Puttur et al., 2019).

In view of the extensive mobilization of various chemokines during mammary gland involution, in the pre-
sent study we explored the specific role of CCL8 in the development of postpartum breast cancer.

RESULTS

CCL8 Expression Is Increased in the Mammary Gland during Involution

Publicly available microarray data show that Ccl8 is highly expressed during mammary gland involution,
compared with the stages of puberty, pregnancy, and lactation (Ron et al., 2007) (Figure 1A). We confirmed
this observation by gPCR analysis of Ccl8 mRNA levels in mammary glands from nulliparous mice or mice at
involution day 4. The expression of Ccl8 mRNA in mice during involution was induced 4-fold (p < 0.05)
compared with nulliparous mice (Figure 1B). In addition, mouse CCL8 protein levels measured by ELISA
were 7-fold (p < 0.05) increased at involution day 5 and 4-fold increased at involution day 7 (p < 0.05)
(Figure 1C).

To determine whether CCL8 loss affected mammary gland remodeling induced by involution, we per-
formed histological analysis in mammary glands from wild-type (wt) or Ccl8KO mice. The deletion of
CCL8 did not impair pregnancy or lactation. The histological appearance of the mammary glands from
wt and Ccl8KO mice was similar during mammary involution, following the cessation of lactation (Fig-
ure S1A). The absence of morphological differences between wt and Ccl8KO mice was confirmed by quan-
tification of the epithelial surface area occupying the glands (Figure S1B) and by assessment of B-casein
protein levels by western blot (Figure S1C). These results indicate that CCL8 does not affect the remodeling
of the mammary gland tissue during involution.

CCLS8 Induces the Recruitment of Macrophages and Neutrophils in the Mammary Glands
Since CCL8 is involved in the inflammatory response (Proost et al., 1996), we investigated the infiltration of
macrophages and neutrophils in the mammary glands from wt or CcI8KO mice. Immunohistochemistry for
the macrophage marker F4/80 and the neutrophil marker NM indicated that CCL8 is instrumental in recruit-
ing macrophages during involution. As shown in Figure 2, following lactation a transient increase in the
number of macrophages was detected in the mammary glands from wild-type mice during involution
that peaked at day 5 (p < 0.05, p <0.001) (Figures 2A and 2B). This effect was alleviated following Ccl8 abla-
tion suggesting that this chemokine is crucial for the recruitment of F4/80-positive macrophages, during
involution. Similar trends, albeit insignificant, were also revealed for neutrophils implying a wider role
for CCL8 in immune cell recruitment beyond macrophages (Figures 2C and 2D).
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Figure 1. CCL8 Expression at Different Stages of Mammary Gland Development

(A) Microarray data using Affymetrix microarray (MG-U74v2) obtained from Ron et al. (2007) showing Ccl8 expression in
mammary glands from C57Bé mice, puberty (6 weeks) (n = 3), pregnancy (14 days) (n = 2), lactation (10 days) (n = 2), and
involution (4 days) (n = 2).

(B) Ccl8 gene expression in mammary glands from nulliparous mice or mice at involution day 4 (n = 4). Results are shown as
average fold expression compared with nulliparous mice +SEM.

(C) CCL8 levels in mammary glands from wt mice at involution day O (lactation day 10) (n=4),2(n=2),5(n=4),and 7 (n =
4). CCL8 levels were determined by ELISA. Results are shown as average +SEM (*, p < 0.05 Student’s t test).

To dissect further the ability of CCL8 to attract tumor-promoting macrophages, we further determined the
subtypes of M1 and M2 macrophages by staining for iNOS and arginase |, respectively, the mammary
glands from wt and Ccl8KO mice at different days of involution. The results showed three times less M2
macrophages at involution day 7 in Ccl8KO mice compared with wt mice (Figures 2E and 2F), suggesting
that CCL8 attracts primarily M2 macrophages, as opposed to the M1 macrophages, the number of which
remained unaffected by the ablation of Ccl8 (Figures 2G and 2H).

CCL8 Is Tumor Promoting during Involution

Based on the observation that CCL8 is a chemoattractant for M2 macrophages, which are known to be tu-
mor promoting, we wanted to determine whether Ccl8 ablation could directly affect the development of
postpartum breast cancer at either the level of initiation or the level of progression. To explore this hypoth-
esis, we introduced the Ccl8-null allele into an immunodeficient background (SCID) and mice, either nullip-
arous or during involution, were implanted with MCF10.DCIS.com breast cancer cells (Lyons et al., 2011).
For comparison, MCF10.DCIS.com cells were implanted in SCID littermates that had the Ccl8 gene intact.
MCF10.DCIS.com cells were selected for this experiment because they had been used successfully in the
past to study involution-associated breast cancer (Lyons et al., 2011). Consistently with earlier findings,
tumorigenesis showed a positive trend during involution (Figure S2) (McDaniel et al., 2006; Martinson
et al., 2015; Lyons et al., 2011; Bemis and Schedin, 2000). In the nulliparous females, no differences were
observed between wt and Ccl8KO mice in both tumor growth rates and the period required for the devel-
opment of palpable tumors (Figure 3A, pairwise comparisons in tumor growth of individual mice are
shown). However, when cancer cells were injected at the second day of involution, after 10 days of lactation,
the latency for tumor onset was drastically delayed in the Ccl8-deficient animals (p < 0.05) (Figure 3B). This
finding suggests that CCL8 is tumor promoting only during involution but not in nulliparous animals. As
soon as tumors were established their growth rate was not affected by CCL8, which in turn suggests
that, although CCL8 is essential for tumor onset, it is not capable of affecting tumor progression, a notion
that is also supported by the observation that histologically tumors in wt and Ccl8KO mice were indistin-
guishable (Figure 3D).
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Figure 2. Macrophage and Neutrophil Recruitment in the Mammary Glands from Ccl8KO Mice at Different Stages
of Mammary Gland Development

Representative images (40x) of mammary glands from wt or Ccl8KO mice at involution days 5 and 7 (n = 4) stained for F4/
80 (A), neutrophil marker (NM) (C), Arginase | (E), and iNOS (G). Scale bar, 50 pm. Quantification of cells per optic field
positive for F4/80 (B), NM (D), Arginase | (F), and iNOS (H) of the results described above. Results are shown as average +
SEM (*, p < 0.05; **, p < 0.001 Student's t test).

The Tumor-Promoting Activity of CCL8 during Involution Involves M2 Macrophage
Recruitment

The observation that CCL8 is tumor promoting, combined with the reduced infiltration of M2 macrophages in
Ccl8KO mice during involution, predicts that ablation of macrophages would affect primarily wt and only mini-
mally Ccl8KO animals. To test this hypothesis, we pharmacologically depleted macrophages by administration
of clondronate liposomes (van Rooijen and Hendrikx, 2010) for 5 days, starting from lactation day 7 until involu-
tion day 2 and then injected cancer cells and monitored tumor onset and growth. The tumor-promoting effect of
CCL8 during involution was abolished by macrophage depletion in the wt animals but did not affect Ccl8KO
animals at which the tumor-promoting M2 macrophages were already diminished (Figure 3C). To rule out the
possibility that clodronate influences tumorigenesis by impairing involution we administered clodronate
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Figure 3. CCL8 Is Tumor Promoting during Involution

(A) Growth of MCF10.DCIS.com (2x10° cells) in SCID (wt) and Ccl8KOSCID (Ccl8KO) mice implanted in about 3-month
nulliparous mice (n = 6). Results are shown as average +SEM.

(B) Growth of MCF10.DCIS.com (2x10° cells) in SCID (wt) and CcI8KOSCID (Ccl8KO) mice implanted in day 2 of forced
involution that followed 10 days of lactation (n = 6). The inset shows tumor onset in different groups. Results are shown as
average + SEM (*, p < 0.05). See also Figure S2.

(C) Same as (B) with macrophage depletion (n = 5) starting from lactation day 7, using five daily intraperitoneal injections
of 1 mg clodronate liposomes. See also Figures S3 and S4.

(D) Hematoxylin and eosin (H&E) in tumors from wt or Ccl8KO nulliparous mice or mice implanted in involution (n = 6).
Scale bar, 20 pm in 20x. N, nulliparous; PR, pregnancy; LAC, lactation; INV, involution.

liposomes in wt and Ccl8KO mice and monitored the efficacy of post-lactation mammary gland remodeling;
however, no differences between the wt and Ccl8KO mice were noted (Figures S4A and S4B).

To further determine whether CCL8 increases M2 subtype macrophage infiltration during tumorigenesis,
we injected MCF10.DCIS.com cells enclosed in Matrigel in the mammary glands from wt or Ccl8KO
SCID mice at involution day 2 and then recorded the number of M2 macrophages that are recruited by
the newly implanted tumor in relation to the Ccl8 status of the mammary glands. To that end, following
2 days of inoculation, cancer cell-containing Matrigel nodules implanted in wt and Ccl8KO mice were
dissected and stained for the M2 marker arginase I. IHC indicated the decreased number of M2 subtype
macrophages in the Matrigel nodules from Ccl8KO mice (p < 0.05) (Figures 4A and 4B). This finding is
consistent with the specific ability of CCL8 to promote tumor growth by recruiting M2 macrophages (Fig-
ures 2E and 2F).

DISCUSSION

Postpartum breast cancer represents one of the most aggressive forms of breast cancer, but despite the
progress, the options for specific therapeutic intervention against the disease are truly limited. In an
attempt to explore specific therapeutic options for postpartum breast cancer management we investi-
gated if modulation of CCL8 activity is linked to involution-associated promotion of tumor growth. Our re-
sults revealed an essential role for CCL8 in the promotion of involution-associated breast cancer that mech-
anistically was linked to the recruitment of the tumor-promoting M2 macrophages. Macrophages are
recruited to the mammary gland at the second phase of involution (Martinson et al., 2015; O'Brien et al.,
2010), and this effect, according to our present data, is mediated by CCL8 that is highly expressed during
mammary gland involution. Noteworthy, the expression profile of CCL8 differed from that of CCL2 that is
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Figure 4. CCL8 Promotes Tumor Growth by Recruiting M2 Macrophages

(A) Representative images (20x) of mammary glands stained for Arginase | from SCID (wt) and Ccl8KOSCID (Ccl8KO) mice
implanted with MCF10.DCIS.com (1x10° cells) enclosed in Matrigel at day 2 of forced involution that followed 10 days of
lactation (n = 5). Animals were sacrificed 2 days later. Scale bar, 10 um.

(B) Quantification of cells per optic field positive for Arginase | of the results described above. Results are shown as
average + SEM (*, p < 0.05, Student's t test).

structurally related to CCL8 and encoded by a gene located in the same chemokine cluster with CCL8 (No-
miyama et al., 2001). CCL2 protein levels had a peak at day 2 of involution followed by a decrease (O'Brien
et al., 2010; Mantovani et al., 2004), contrary to the protein levels of CCL8 that peaked at day 5 and main-
tained high until day 7. These findings imply that CCL8 might have different functions and apparently
different regulation during involution compared with other chemokines that are members of the same clus-
ter (Nomiyama et al., 2001). This is also suggested by the fact that despite Ccl8 ablation reduced macro-
phage numbers in the mammary gland during involution, tissue remodeling was not delayed during invo-
lution. Direct activities of CCL8 onto the mammary epithelial cells, in combination with its delayed
expression profile as compared with other chemoattractive cytokines of the same cluster, may offset the
anticipated delay in involution due to macrophage depletion.

Furthermore, CCL8 causes increased infiltration of M2 subtype macrophages specifically at involution day
7. Consistent with this result is the high expression of the receptors CCR1 and CCR5 in M2 macrophages
compared with M1 (Xuan et al., 2015) that are receptors for CCL8 (Proost et al., 1996; Sozzani et al., 1995;
Ruffing et al., 1998).

In the context of involution-associated tumorigenesis, ablation of Ccl8 significantly delayed the onset of breast
tumors during involution, whereas in nulliparous mice it had no effect. This finding suggests that in the absence
of CCL8 tumor growth is considerably impeded, rendering CCL8 as a major determinant of the tumor-promot-
ing activity of involution. The fact that histology or tumor growth rates did not differ in tumors from wt and
Ccl8KO mice indicates that CCL8 affects tumor initiation by developing a proinflammatory microenvironment
but not the morphogenesis of tumors or their development beyond onset. To further support this notion, in vivo
depletion of macrophages abolished the tumor-promoting effect of CCL8 during involution, only in wt animals.
A limitation of this strategy for macrophage depletion is that clodronate was shown capable of depleting addi-
tional immune cells in peripheral tissues such as dendritic cells (Ward et al., 2012; Konig et al., 2014; Kitamoto
et al.,, 2009; Lu et al., 2012), which may also contribute directly or indirectly to the remodeling of the mammary
gland during involution. Nevertheless, despite this limitation, in animals with disrupted macrophage function,
tumor onset was similar in the wt and the Ccl8-deficient groups suggesting that the tumor-promoting action
of CCL8 in involution is strictly dependent on the presence of macrophages. Consistently with this notion,
CCL8 was recently identified as a part of the breast tumor associated macrophages (TAM) signature in humans
(Cassetta et al., 2019). Macrophages play a crucial role in the normal postpartum mammary gland involution
(O'Brien et al., 2012), and specifically the M2 subtype of macrophages promotes the development of a proin-
flammatory and protumorigenic microenvironment during involution (O'Brien et al., 2010). In our experimental
model, CCL8 facilitates the infiltration of M2 macrophages in the presence of cancer cells during involution and
accelerates tumor onset.

Our previously published results (Farmaki et al., 2016) show that stromal cells and especially fibroblasts
constitute a primary source of CCL8 and that breast cancer cells activate CCL8 expression in fibroblasts.
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Consistent with these results, recent studies show that activated mammary fibroblasts within the involuting
mammary gland have protumorigenic function that can be suppressed by NSAIDs (Guo et al., 2017).

Collectively our data show that CCL8 is instrumental for the pathogenesis of postpartum breast
cancers by attracting tumor-promoting macrophages during involution. These results, combined
also with the finding that inhibition of CCL8 does not affect physiological mammary function, sug-
gest the potential value of CCL8 as a target molecule for the management of postpartum breast
cancers.

Limitations of the Study

In the present study, we used a mouse model of immunodeficient transgenic animals for the tumor growth
studies. The findings need to be replicated in a syngeneic model to include the immune responses of the
hosts. For in vivo macrophage depletion we used clodronate liposomes. However, clodronate was found to
deplete additional immune cells such as dendritic cells in the skin and kidney. Evaluation of the effect of
clodronate on immune cells other than macrophages in the mammary gland and the physiological impli-
cations may be considered.
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Figure S1. Histological analysis of mammary glands from wt and Ccl8KO mice at
different stages of mammary gland development. Related to Figure 1. (A) Hematoxylin
and eosin (H&E) staining in the mammary glands from wt or Ccl8KO mice at involution day
0 (lactation day 10), 2, 5 and 7 (n=3). Scale bar 100um in 10x. (B) Quantification of the
epithelial surface by image analysis. Results are shown as average + SD. (C) Representative
image of B-casein levels in mammary glands from wt or Ccl8KO mice at involution day 0
(lactation day 10), 2, 5 and 7 assessed by immunoblot.
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Figure S2. Tumor growth in nulliparous SCID mice and SCID mice during involution,
Related to Figures 3A and 3B. MCF10.DCIS.com (2x10° cells) were implanted in about 3
month SCID nulliparous mice (n=6, purple lines) or in SCID mice at day 2 of forced
involution that followed 10 days of lactation (n=6, black lines).
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Figure S3. Macrophage depletion in the mammary glands from wt and CcI8KO,
Related to Figure 3C. (A) Representative images (40x) of mammary glands from wt or
Ccl8KO CB7B6 mice stained for the macrophage marker CD68 after 5 daily ip injections of
Img clodronate liposomes. Scale bar 50um. (B) Quantification of cells per optic field
positive for CD68 of the results described above. Results are shown as average + SEM. (*,
P<0.05, Student’s t-test).
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Figure S4. Effect of clodronate liposomes on involution, Related to Figure 3C.
Quantification of the epithelial surface by image analysis of mammary glands from wt or
Ccl8KO CB7B6 mice at involution day 2, after 5 daily ip injections of 1mg clodronate
liposomes. Results are shown as average + SEM.

Transparent Methods

Animal studies

Ccl8KO mice in C57B6 background were obtained from KOMP Repository (University of
California, Davis, CA, USA) and subsequently bred and maintained at the USC. SCID (C.B-
17 scid) mice were obtained from Taconic (Hudson, NY, USA) and bred with CcI8KO mice.
Littermates were used for all experiments. C57B6 mice were obtained from Jackson lab and
maintained at the USC. Animal studies complied with Institutional guidelines. Animal
numbers for the experiments were determined based on pilot studies and depended on the
number of litters for the Ccl8KO mice. The assignment to groups was performed by a
different investigator from the one that acquired the measurements.

For involution studies, the number of litters of the female mice was equalized to 6 pups. For
mammary gland involution initiation, females were force weaned at day 10 of lactation post-

parturition. Same age nulliparous littermates were used as controls. For the qPCR



confirmation of the microarray results tissues from involution day 4 were used, similarly to
the microarray study. For normal development analysis tissues from involution days 2, 5 and
7 were used to cover both the reversible and irreversible phases of involution (Lund et al.,
1996, O'Brien et al., 2012).

For tumor reconstitution experiments, 2x10°> MCF10.DCIS.com cells were resuspended in
0.2 mL of PBS and then injected subcutaneously in the mammary gland fat pad of mice
(n=6), either nulliparous or at day 2 of forced weaning that followed 10 days of lactation.
Animals were observed daily for tumor development. Tumor volume was calculated based
on the formula (LxW2)/2. Results are shown as average + SEM (*, P<0.05 Student’s t-test).
For macrophage staining during tumorigenesis, mice (n=5) were injected with 1x10°
MCF10.DCIS.com cells resuspended in 0.2 mL of matrigel (Corning) at day 2 of forced
involution that followed 10 days of lactation. Animals were sacrificed 48h later and the
matrigel nodules were removed and fixed in formalin. Results are shown as average + SEM
(*, P<0.05 Student’s t-test). Representative images (20x) are shown.

For macrophage depletion, mice (n=5) received 5 daily intraperitoneal injections of 1mg
clodronate liposomes in PBS (Liposoma B.V., Amsterdam, Netherlands) starting from
lactation day 7 (van Rooijen et al., 2010). Results are shown as average + SEM.

Macrophage depletion was confirmed by immunohistochemistry for CD68 in mammary

glands from wt or Ccl8KO mice (Figures S3A and S3B).

Histology
For histological analyses, mammary glands (n=3) or tumors (n=6) tumors were fixed in 10%
formalin, paraffin-embedded, serially sectioned, and stained with hematoxylin/eosin.

Representative images (20x or 10x) are shown.



Cell Culture

The MCF10.DCIS.com breast cancer cell line was kindly provided by Dr. Fariba Behbod
(University of Kansas School of Medicine, KS) and was maintained in DMEM/F-12
supplemented with 5% Horse Serum (Corning). Cells were regularly tested for mycoplasma
contamination using commercially available Mycoplasma detection kit (Myco Alert kit;

Lonza).

RNA and Protein assays

Total RNA extraction from tissues was performed using RNeasy Mini Kit (Qiagen, Hilden,
Germany) according to the manufacturer’s protocol. cDNA was prepared with a total of 1 ug
RNA using iScript™ ¢cDNA Synthesis Kit (Bio-Rad), according to the manufacturer’s
protocol.

For real-time quantitative PCR, cDNA was amplified using the iTaq Universal SYBR Green
Supermix (Bio-Rad) in a total reaction volume of 10 pL, using an Applied Biosystems 7300
real time instrument (Applied Biosystems) as described (Farmaki et al., 2016). Ccl8 gene
expression was assessed in the mammary glands from nulliparous mice or mice at involution
day 4 (n=4,) and experiments were performed in duplicates. Results were normalized to
GAPDH and are shown as average fold expression compared to nulliparous mice + SEM (*,
P<0.05 Student’s t-test).

For immunoblot analysis and Elisa CCL8 detection, mammary gland tissues from wt mice at
involution day 0 (lactation day 10) (n=2), 2 (n=2), 5 (n=4), and 7 (n=4) were solubilized with
ice-cold RIPA buffer (Thermo Scientific) supplemented with protease inhibitor cocktail
(Thermo Scientific). CCL8 protein levels were assessed by Mouse CCL8/MCP-2 DuoSet

ELISA Development kit (R&D Systems, Minneapolis, MN, USA) according to



manufacturer’s protocol. Experiments were performed in duplicates and results are shown as
average + SEM (*, P<0.05 Student’s t-test). The protein concentration in the lysates was
determined by using Bradford assay (Bio-Rad). Equal amounts of total protein were resolved
by SDS-PAGE and immunoblotted for rabbit polyclonal (251309) anti-casein by Abbiotec
and rabbit polyclonal anti-Gapdh 18 (5174S) by Cell Signaling. Experiments were performed
thrice and representative image is shown.

Immunostaining was performed in formalin fixed, paraffin embedded sections of tissues
from mice at involution day O (lactation day 10) (n=2-3), day 2 (n=2-3), day 5 (n=3-5), and
day 7 (n=3-5) by using the Dako EnVision+ System-HRP (DAB) (K4041), following the
manufacturer’s instructions and counterstained with hematoxylin. The antibodies used were
rat monoclonal Neutrophil Marker (NIMP-R14) sc-59338 (Santa Cruz Biotechnology) 1:50,
rabbit monoclonal [SP115] anti-F/480 (ab111101), by Abcam; 1:250, mouse monoclonal
Arginase I sc-271430 (Santa Cruz Biotechnology), mouse monoclonal NOS2 sc-7271 (Santa
Cruz Biotechnology), mouse monoclonal CD68 sc-20060 (Santa Cruz Biotechnology).
Negative controls included non-immune serum instead of antibody. The number of stained
cells (5 random optic fields per sample) as well as the number of total cells were quantified
using Imagel] software (National Institutes of Health, USA). Evaluation of samples was
performed blindly. Images shown were obtained by a Leica ICC50 HD (Buffalo Grove, IL,
USA). Results are shown as average + SEM (*, P<0.05, **  P<0.001 Student’s t-test) and

representative images (40x) are shown.

Quantification and Statistical Analysis
Quantification of the bands and pictures was performed by ImagelJ. All data are presented as

average values of samples, error bars correspond to standard error of the mean (SEM) unless



otherwise stated. Statistical analysis of the results was performed using Student’s two tailed ¢

test. The results were considered statistically significant when P-value <0.05.

Oligonucleotides

Mouse Ccl8 primers Mouse GAPDH primers

5'-TTCCAGCTTTGGCTGTCTCT-3' 5'-ACCCAGAAGACTGTGGATGG-3'
5'-GGGTGCTGAAAAGCTACGAG-3" | 5'-CACATTGGGGGTAGGAACAC-3'
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