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Abstract

Background: Chromobox protein homolog 7 (CBX7), a member of the Polycomb repressor
complex, is a potent epigenetic regulator and gene silencer. Our group has previously reported
that CBX7 functions as a tumor suppressor in ovarian cancer cells and its loss accelerated
formation of carcinomatosis and drove tumor progression in an ovarian cancer mouse model. The
goal of this study is to identify specific signaling pathways in the ovarian tumor microenvironment
that down-regulate CBX7. Given that adipocytes are an integral component of the peritoneal
cavity and the ovarian tumor microenvironment, we hypothesize that the adipose
microenvironment is an important regulator of CBX7 expression. Results: Using conditioned
media from human omental explants, we found that adipose-derived exosomes mediate CBX7
downregulation and enhance migratory potential of human ovarian cancer cells. Further, we
identified adipose-derived exosomal miR-421 as a novel regulator of CBX7 expression and the
main effector that downregulates CBX7. Conclusion: In this study, we identified miR-421 as a
specific signaling pathway in the ovarian tumor microenvironment that can downregulate CBX7
to induce epigenetic change in OC cells, which can drive disease progression. These findings

suggest that targeting exosomal miR-421 may curtail ovarian cancer progression.
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Background

Cancer progression requires continuous acquisition of functions that support and increase
aggressiveness and malignancy. Initial driver mutations, which can initiate malignant
transformation are eventually followed by the creation of a pro- tumor microenvironment as cancer
cells “educate” its surrounding stroma. In advanced stages, fibroblasts, immune cells, adipocytes,
within this microenvironment would have been reprogrammed to primarily function as supporters

of cancer growth and metastasis (1-3).

Adipose tissue is a central component of the cancer microenvironment (4), and is made up mostly
of adipocytes and to a lesser extent, endothelial cells, and macrophages (5). Factors secreted by
adipocytes as well as direct adipocyte-cancer cell interaction have been shown to support tumor
progression in various cancer types including, breast, ovarian, prostate, and colon cancers (6-

10).

Ovarian cancer (OC) is the most lethal of all gynecological malignancies and accounts for about
12,000 deaths annually (11). OC rarely metastasizes via the hematogeneous route, and almost
exclusively metastasizes via shedding into the peritoneal cavity (12-14). Adipose-rich tissues
within the abdomen are preferential sites for OC metastasis (15-18) (10, 17-19) and includes
areas such as the omentum, mesosalphingeal/mesoovarian adipose, and adipose niches in the
mesentery. Adipocytes have been shown to promote OC progression by providing fatty acids as
an energy source to sustain rapid metastatic growth (20-22). In addition, adipocytes have been
shown to enhance OC metastasis through secretion of chemotactic factors such as IL-8 and to
promote chemoresistance by activating the Akt pathway (23) and upregulating the pro-survival

protein Bclxl (24).
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80  Chromobox protein 7 (CBX7) is a member of the Polycomb repressor complex 1 (PRC1). PRC1,
81  and together with PRC2, are epigenetic regulators that induce histone modifications leading to
82  repression of transcription (25-29). As part of PRC1, CBX7 is able to inhibit gene expression by
83  binding to tri-methylated lysine 27 on histone 3 (H3K27me3) and inducing the monoubiquitination
84  oflysine 119 on nearby histone 2A (H2Aub1) (30-33). CBX7 has been described as an oncogene,
85  which is able to cooperate with c-Myc to induce aggressiveness in lymphomas (26) and contribute
86  in the immortalization of fibroblasts (34). In other studies however, CBX7 has been described as
87  a tumor suppressor and its downregulation has been correlated with aggressiveness and poor
88  prognosis in thyroid, breast and colon cancers (35-38). Specifically, for OC, our previous work
89  has demonstrated that the loss of CBX7 is correlated with enhanced metastatic potential and
90 reduced patient survival (39). Mechanistically, CBX7 is able to achieve this by competing with
91 Twist1 for binding to the E-box (39). As a result, Twist1, which is a master regulator of
92  mesenchymal function cannot fully achieve its transcriptional role. Deletion of CBX7 using
93  CRISPR/Cas9 relieves this inhibition allowing Twist1 to function and conferring enhanced
94  metastatic potential to OC cells (39).

95

96 Exosomes are a subtype of small extracellular vesicles (EVs), which are released from cells into
97  the extracellular space. They range in size from ~30 to 150nm in diameter and carry various
98 cargoes such as proteins, lipids, and nucleic acids, which reflect the composition of its cellular
99  origin(40-42). In the tumor microenvironment, exosomes are secreted by cancer cells, infiltrating
100  immune cells, endothelial cells, and cancer-associated fibroblasts (43-46) , and mediate
101 intercellular communication consequently contributing to various processes required for tumor
102  progression such as cell proliferation, angiogenesis, and enhanced metastatic potential (43, 47-
103 49).

104
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105  Having demonstrated the significant impact of CBX7 loss on OC progression (39), we sought in
106 this study to identify specific mechanisms within the ovarian tumor microenvironment that can
107  regulate its expression. We report that adipose-derived exosomal microRNA-421 (miR-421)
108  regulates CBX7 expression and function confers cancer cells with metastatic potential.

109

110  Results

111

112  Adipose-derived factors downregulate CBX7 and enhance migratory capacity in OC cells

113 Our group previously reported that CBX7 functions as a tumor suppressor in OC and its loss
114  enhances metastasis in an OC xenograft model (39). In addition, in vitro migration through trans-
115 wellinsertis also significantly augmented in OC cells upon CRISPR/Cas9-mediated knocked-out
116 (KO) of CBX7 (Supp. Fig. 1). Thus, we hypothesize that factors secreted by the tumor
117  microenvironment may be responsible for the regulation of CBX7 expression and function. Given
118 the known significance of the adipose niche in OC progression, we posited that adipocytes may
119  affect CBX7 expression. As such, we collected adipose conditioned media (ACM) from a human
120  omental explant isolated from a female patient who underwent laparoscopic surgery for a benign
121  gynecological condition and treated a panel of human OC cells. After 5 days of treatment, we
122 observed that ACM are able to down-regulate CBX7 in all OC cells tested (Fig. 1A).

123

124 Interestingly, ACM induced morphological changes characteristic of fibroblastic morphology
125  (Fig.1B). Characterization of markers associated with epithelial mesenchymal transition (EMT)
126  following treatment with ACM showed downregulation of CBX7, upregulation of the mesenchymal
127  marker FOXC2, and maintained expression of Twist1 and Vimentin (Fig. 1C).

128

129  To evaluate if ACM is able to enhance functions that support metastatic potential, we collected

130  OC cells after treatment with ACM and performed the trans-well migration assay. We observed
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131  that pre-treatment with ACM significantly enhanced in vitro migratory capacity compared to no
132 treatment (Fig. 1D). Since the migration assay was performed in the absence of ACM, these
133 results demonstrate that pre-treatment with ACM is able to confer cell autonomous mechanisms
134  that can support metastatic potential. These results also show that ACM treatment recapitulates
135  the enhanced migratory potential observed in CBX7 KO OC cells.

136

137  Characterization of adipose-derived exosomes

138  Further characterization of CBX7 status after treatment with ACM showed that the down-
139  regulation of CBX7 protein was not associated with a decrease in CBX7 mRNA (Supp. Fig. 2)
140  suggesting a possible post-transcriptional mechanism. miRNAs are short non-coding RNAs that
141  function in the post-transcriptional control of gene expression (50). miRNAs provide a specific
142 sequence that recruits ribonucleoprotein (RNP) complex to the 3’ untranslated region (3’'UTR) of
143 target messenger RNAs (MRNAs) (51-53). The binding of miRNA-RNP complex to their target
144  mRNAs results in mRNA degradation or translational repression and therefore downregulation of
145  protein expression (54). We hypothesized that ACM downregulates CBX7 through its miRNA
146  content. Since miRNAs are packaged and protected in EVs such as exosomes(55-57), we further
147  hypothesized that these miRNAs may be carried in exosomes. Thus, we collected a new set of
148 ACM obtained from 6 different patient omenta (Table 1) and performed differential
149  ultracentrifugation to isolate exosomes. Characterization of the isolates with NanoSight showed
150  homogeneous exosome preparations with average size of 100 nm (Fig. 2A). TEM analysis
151  showed typical exosomal morphology of double layered cup-shaped membrane structure (Fig.
152  2B) and Western blot analysis showed the presence of tetraspanin markers, CD63 and CD9, and
153  the absence of the endoplasmic reticulum marker, calnexin(58) (Fig. 2C) demonstrating that the
154  collected particles are exosome-like small EVs.

155
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156  The human omentum is primarily composed of adipocytes and immune cells within “milky spots”
157  (59). To determine the cellular origin of the isolated exosomes, we utilized the ExoView platform
158 to assay exosomal membrane proteins, which maintain the same characteristics as the cell of
159  origin (60-62). Thus, we captured the exosomes using CD63, CD81 and CD9 antibodies and
160  utilized CD36 and CD11b to identify the adipocyte and macrophage exosomal cell sources,
161  respectively. Our results show significantly higher percentage of exosomes carrying the adipocyte
162  marker, CD36 than the macrophage marker, CD11b (Fig. 2D and 2E) ,demonstrating that majority
163  of the isolated exosomes from the ACM originate from adipocytes.

164

165  Adipose-derived exosomes are sufficient to downregulate CBX7

166  To demonstrate that the isolated ACM-derived exosomes can be internalized by OC cells, we
167 labelled the exosomes by their cargo RNAs with green fluorescence (GF-exosomes)(63, 64) and
168  exposed them to mCherry-labeled OC cells. Microscopic analysis showed co-localization of GF-
169  exosomes and mCherry OC cells, demonstrating the internalization of the labelled exosomes by
170  the OC cells (Fig. 3A) and the putative delivery of their contents.

171

172  We next determined the effect of ACM-derived exosomes on CBX7 expression. Interestingly, of
173  the 6 exosome preparations tested, only 4 were able to down-regulate CBX7 (Fig. 3B). Patient
174 652, 626, 628 and 568 consistently down-regulated CBX7 compared to no treatment Control
175  although only 652 reached statistical significance. To demonstrate that the effect on CBX7 is an
176  exclusive property of the exosomes, we treated OC cells with ACM, isolated exosomes, or
177  exosome-depleted ACM. Both ACM and isolated exosomes were able to decrease CBX7
178  expression, but this effect was lost in the exosome-depleted ACM (Fig. 3C and 3D). Finally, to
179  further support that the observed decrease in CBX7 is due to exosome cargo, we treated OC cells
180  with exosomes in the presence or absence of the endocytosis inhibitor, Nystatin. We observed

181 that pre-treatment with Nystatin abrogated the effect of exosomes on CBX7 (Fig. 3C). Taken
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182  together, our results demonstrate that adipose-derived exosomes can down-regulate CBX7 in OC
183  cells.

184

185  Adipose-derived exosomal miR-421 targets CBX7 in OC cells

186  We next sought the determine the signaling pathway responsible for the observed changes in
187  CBXT7 expression. In keeping with the hypothesis that this may be secondary to exosomal miRNA
188 cargo we utilized mirTarBase (https://mirtarbase.cuhk.edu.cn and TargetScanHuman
189  (https://targetscan.org/) to generate a list of MiRNAs predicted to target CBX7 (Table 2 and Table
190  3). We then cross-referenced this to published lists of exosomal miRNA that are known to be
191  almost exclusively derived from adipocytes. The first list came from the comparison of circulating
192  exosomal miRNA between AdicerKO mice (mice specifically lacking Dicer in adipose tissue
193  generated using Cre-lox gene recombination) and wild-type controls (65). The second list came
194  from the same study and a comparison of circulating exosomal miRNA between patients with
195  congenital lipodystrophy (CGL) and healthy controls (65). Venn diagram analysis identified only
196  one common miRNA from this list, which is miR-421 (Fig. 4A).

197

198  We then proceeded to determine if miR-421 contributes to the exosomal signal that leads to ACM-
199 induced CBX7 downregulation in OC cells. Thus, we treated OC cells with ACM derived
200 exosomes in the presence or absence of anti-miR-421 or Control anti-miR. Our results show that
201  the anti-miR-421, but not Control anti-miR, abrogated the effect of exosomes on CBX7 (Fig. 4B).
202 In addition, we treated OC cells with miR-421 mimic and observed that transient expression of
203  miR-421 mimic is sufficient to induce downregulation of CBX7 (Fig. 4C).

204

205  To conclusively demonstrate that CBX7 is a direct target of miR-421, we constructed a luciferase
206  reporter upstream of CBX7’s 3' UTR (pCBX7; Fig. 4D). Co-transfection of pCBX7 reporter in

207  human OC cells with miR-421 resulted in a significant decrease in luciferase activity compared to
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208  pCBX7 reporter alone and pCBX7 co-transfected with Negative Control miRNA (Fig. 4E). This
209  effect of miR-421 is specific to this sequence on CBX7’s 3’'UTR as mutation of this sequence
210  (pCBX7mut; Fig. 4D) abrogated the ability of miR-421 to decrease the luciferase signal (Fig. 4E).
211  Collectively, these results demonstrate that the CBX7 gene is the direct target of miR-421 in OC
212 cells.

213

214 miR-421 is detectable in adipose-derived exosomes

215  In utilizing exosome preparations from 6 individual patients, we observed that only 4 of the 6
216  samples downregulated CBX7 (Fig. 3). Our final objective is to determine if we can detect miR-
217 421 in the adipose-derived exosomes. We were able to detect mir-421 in our exosome
218  preparations and in addition, we observed that exosomes that were able to induce CBX7
219  downregulation contained relatively increased levels of miR-421 (Fig. 4F). Taken together, our
220  results show that miR-421 is a direct regulator of CBX7, and that adipose-derived exosomes are
221  animportant source of miR-421 in the ovarian tumor microenvironment.

222

223  Discussion

224

225  We report a novel mechanism by which the adipose microenvironment can alter the phenotype
226  of OC cells. In this study, we identified the existence of a miR-421/CBX7 axis that can lead to the
227  downregulation of CBX7, a major component of the PRC. We demonstrate that the adipose niche
228 is an important source of miR-421 and that it is packaged in exosomes. Our data demonstrate
229  that adipose-derived exosomal miR-421 can function as an epigenetic regulator in OC cells by
230  regulating CBX7.

231

232 Previously, we reported that CBX7 has tumor suppressor functions (39). Expression of CBX7

233  maintains OC epithelial phenotype by inhibiting mesenchymal triggers such as Twist1 (39).
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234 Suppression of CBX7 in OC cells is associated with mesenchymal transformation and acquisition
235  of metastatic potential. In this study we investigated the potential factors and sources responsible
236  for the regulation of CBX7 expression and function, and consequently, the progression of OC.
237  The findings reported here, highlight the contribution of the adipose niche in OC tumor
238  progression.

239

240  CBX7 performs its gene-silencing function by modifying DNA-associated histones (25-29). As
241  such, the genes repressed by CBX7, and hence the PRC complex, changes depending on cell
242  state. As we previously reported, specifically for ovarian cancer, the expression of CBX7 alone is
243 not predictive of survival (39). However, when used as a biomarker in conjunction Twist1, the
244  absence of CBX7 in Twist1-positive ovarian cancer cells confers worse outcomes (ref). Whether
245  or not CBX7 has a role in the initiation of ovarian cancer, such as exertion of pro-tumorigenic
246  functions in normal ovarian surface epithelial cells or normal fallopian tube epithelial cells remains
247  to be characterized. Nevertheless, our studies have shown that CBX7 is a major regulator of
248  ovarian cancer progression (39) and that it can be regulated by factors secreted from adipocytes.
249

250  Secreted factors from the omentum have been shown to act as chemotactic factors that attract
251  OC cells to this organ. Upon arrival, omental adipocytes have been shown to modulate OC cancer
252  proliferation, metabolism, and response to chemotherapy(9, 66, 67). Given that OC mostly
253  metastasizes via the trans-coelomic route and is mainly contained within the peritoneal cavity, the
254  demonstration that adipose-derived exosomal miRNA can modulate epigenetic regulators in OC
255  cells show that these cancer cells do not need to be in direct contact with adipocytes and can be
256  located anywhere in the peritoneal cavity to be re-programmed by this microenvironment.

257

258  Although not fully characterized, selective loading of distinct molecules into exosomes is tightly

259  regulated and does not occur randomly (68). Previous studies comparing intracellular versus

10
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260  exosomal miRNA content for instance, showed that some miRNAs are selectively packaged into
261  exosomes , while specific miRNAs are actively excluded. This is true in both normal cells such as
262  astrocytes and neurons (69) as well as cancer cells. In laryngeal squamous cell carcinoma for
263 instance, mMiR-1246, miR-1290, miR-335-5p, miR-127-3p and miR-122-5p are selectively
264  packaged in exosomes, while miR-4521, miR-4483, miR-30b-5p, miR-29b-3p and miR-374b-5p
265  are selectively retained in the cell (70). A recent study has demonstrated that miRNA sequence
266  motifs determine whether they are favorably sorted into exosomes or retained in cells(71). It has
267  been postulated that this sorting may reflect the pro-survival benefits of the retained miRNAs to
268 the cancer cells, while secreted miRNAs may provide benefit by regulating the tumor
269  microenvironment. Still, this sorting mechanism is highly dynamic and can change depending on
270  cellular state (72). It is therefore not surprising that not all ACMs tested were able to downregulate
271  CBX7. It is tempting to speculate that pre-existing metabolic-associated risk factors known to
272  significantly impact OC risk and survival such as body mass index(73) , diabetes(74) , or high-fat
273  diet (75) can affect miRNA sorting into adipose-derived exosomes. Other conditions such as
274  aging(76), menopause(77), and hormone replacement therapy(78) have been shown to affect the
275  repertoire of circulating miRNAs. Moreover, the intracellular destination and processing pathways
276  of exosomes after uptake by recipient cells are highly heterogeneous, which lead distinct
277  biological activities in recipient cells (79). These correlations are currently under investigation in
278  our lab.

279

280  Although free miRNAs can be detected in the circulation, the protective effect of exosomal
281 membranes contribute to its stability (68). Indeed, exosomal miRNAs have been proposed as
282  biomarkers for OC (80, 81). And, adipocyte derived exosomes have been successfully detected
283  in blood (65). The demonstration that adipose-derived exosomal mir-421 can directly impact OC
284  metastatic potential suggests the possible utility of exosomal miR-421 as a marker to identify

285  patients needing closer follow up for recurrence.

11
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286

287  Conclusions

288

289  In conclusion, in this study we demonstrate that adipose-derived exosomal miR-421 within the
290  tumor microenvironment downregulates CBX7 and consequently may enhance OC metastatic
291  potential. These findings suggest that miR-421 is a molecular therapeutic target and a biomarker
292  in OC patients.

293

294  Materials and Methods

295

296  Cell lines and culture conditions

297 OVCA432 (RRID:CVCL_3769) and OVCAR3 (RRID:CVCL_DH37) were obtained from ATCC
298 (Manassas, VA) and cultured as instructed. The isolation and characterization of R182 and
299  OCSC1-F2 have been previously reported (10, 82-85). These cells were cultured in RPMI1640
300  media supplemented with 10% FBS and 1% Pen/Step. Cells were grown in standard cell culture
301  condition at 37°C with 5% CO,. For all experiments, cells were kept below 80% confluence.
302  Mycoplasma testing was performed every 6 months and short tandem repeat (STR) profiling was
303  done annually. Cells were used within 6 passages between experiments.

304

305 Reagents and antibodies

306  Nystatin was purchased from MilliporeSigma (Cat. No. 1400-61-9). Mirvana miRNA mimic hsa-
307 miR-421 (Cat. No. 4464066) was purchased from Thermo Scientific, Waltham, MA. miRIDIAN
308 hsa-mir-421 hairpin inhibitor (Cat. No. IH-300996-03) was purchased from Horizon Discovery,
309 (Waterbeach, UK). Lipofectamine RNAIMAX was purchased from Invitrogen (Waltham, MA).
310  Antibodies used were anti-CBX7 (RRID:AB_726005; 1:1000, Cat. No. ab21873, Abcam,

311 Cambridge, UK), anti-B-actin (RRID:AB_2923704; 1:1000, Cat. No. 81115-1-RR, Proteintech,

12
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312 Rosemont, IL), anti-FOXC2 (RRID:AB_2798074;1:1000, Cat. No. 12974, Cell Signaling
313 Technology, Danvers, MA), anti-Twist1 (RRID:AB_1130910; 1:500, Cat. No. CS-81417, Santa
314  Cruz Biotechnology), anti-Vimentin (RRID:AB_10695459; 1:1000, Cat. No. 5741, Cell Signaling
315  Technology, Danvers, MA), anti-GAPDH (RRID:AB_1078991; 1:10000, Cat. No. G8795, Sigma-
316  Aldrich, St. Louis, MO).

317

318  Human subjects and generation of adipose conditioned media

319  Sample collection was obtained with informed consent with prior approval from Karmanos Cancer
320 Center and the University of South Florida IRB. Samples were consecutively collected from
321 patients undergoing laparoscopic or open surgery for a benign or malignant gynecological
322  condition irrespective of diagnosis or age. Upon receipt from the clinic, omentum tissues were
323  minced with sterile razor blades and approximately 0.5 g of minced tissue was cultured per 100
324  mm tissue culture dish in 10 mL DMEM/F12 media supplemented with 1% exosome-depleted
325 FBS (EXO-FBS-250A-1, System Biosciences, Palo Alto, CA). The following day, growth media
326  were refreshed. and cell-free conditioned media were collected by centrifugation. Adipose tissue
327  conditioned media (ACM) were stored at -80°C.

328

329  [solation of exosomes

330 Exosomes were isolated from the ACM via differential ultracentrifugation according to our
331  published protocol (86, 87). Briefly, ACM was filtered through a 0.22 um filter (MilliporeSigma,
332 Burlington, MA) to remove all dead cells and large debris. The supernatant was then centrifugated
333 at 10,000xg for 30 min followed by ultracentrifugation at 100,000xg (Optima XE-100
334  Ultracentrifuge, Beckman Coulter, Brea, CA) for 2 h. The resulting precipitate was re-suspended
335 in phosphate-buffered saline (PBS) and used immediately or stored at 4°C.

336

337 Characterization of exosomes
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338  Collected particles were characterized according to MISEV 2018 guidelines (88). Briefly, the
339 concentration and size distribution of exosomes were determined by Nanoparticle Tracking
340  Analysis (NTA, NanoSight NSr300, Malvern, UK), according to our published protocol (86, 87).
341  The ultrastructural morphology and the expression of exosomal markers were examined by
342  transmission electron microscopy (TEM, JEOL, JEM 1400) and Western blotting, respectively (86,
343 87).

344

345  ExoView single-EV profiling assay

346  After passing through 0.22 um filter (MilliporeSigma, Burlington, MA), ACM were incubated with
347  ExoView tetraspanin chips. Exosomes in ACM were captured by antibodies pre-coated on the
348  chips, and against exosomal tetraspanin CD63, CD81 and CD9. A mouse IgG (MIgG) was used
349 to capture non-exosomal particles. The captured exosomes were then triple-stained by
350 fluorescent conjugated antibodies against the phenotypic marker of adipocyte (CD36) and
351 macrophage (CD11b). Captured exosomes that were fluorescently positive for these proteins
352  were counted and analyzed by ExoView analyzer. A fluorescent cutoff was set based on minimal
353  detection of non-exosomal particles in MIgG capturing spots.

354

355  Exosome labeling and internalization by OC cells

356 Exosomes were labeled using an RNASelect Green Fluorescent staining kit (Thermo Fisher) to
357  stain exosomal cargo RNA(63, 64). Briefly, collected exosomes were incubated with 500nM
358 labeling solution for 20 minutes at 37°C. After that, the labeled exosomes were rinsed in PBS and
359  re-concentrated by ultracentrifugation. 5x10® /mL labeled exosomes were then added into growth
360 media of OCSC1-F2 human OC cells and incubated for 2h. The internalization of labeled
361 exosomes (GF-exosomes) in F2 cells was then analyzed by green fluorescent confocal
362  microscopy.

363
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364  Transwell Migration assay

365 1 x 10° OCSC1-F2 human OC cells were resuspended in serum-free Opti-MEM (Thermo
366  Scientific) and seeded on trans-well inserts with a polyethylene terephthalate membrane pore
367 size of 8.0 um (Cat. No. 353097, Corning, NY). The inserts were placed on 24-well cell culture
368 plates with RPIM1640 media with 10% FBS. After 24 h, inserts were washed three times with
369 PBS, fixed with 4% paraformaldehyde, permeabilized with 0.01% Triton X-100 (Sigma-Aldrich,
370  St. Louise, MO), and stained with crystal violet Sigma-Aldrich, St. Louise, MO). Migrated cells
371  were viewed and counted using a phase-contrast microscope (ECHO Revolve microscope, San
372  Diego, CA).

373

374  Luciferase reporter assay

375 The human 3'UTR of CBX7 gene encompassing the miR-421 binding site, and the 3‘UTR
376  of CBX7 gene with point mutations were cloned into a pEZX-MTO05 vector with Gluc/SeAP duo-
377  Luciferase reporter. The dual luciferase reporter system (Secrete-Pair ™ Dual Luminescence
378  Assay, GeneCopoeia, MD) allowed the normalization of luminescence to minimize variations in
379 transfection efficiencies and cell viability. Each vector was transfected in OCSC1-F2 cells by
380 lipofectamine (Invitrogen, Waltham, MA) at a concentration of 2 ug vector/10° cells. To assess
381 the mRNA-miRNA interaction, each vector was co-transfected with miR-421 mimics
382  (200pM/10° cells, Cat. No. 4464066, ThermoFisher Scientific, Waltham, MA). Twenty-four hours
383 later, the cells were lysed and luciferase activity was detected using a multimode microplate
384  reader (PerkinElmer/Fusion, Waltham, MA).

385

386  SDS-PAGE and Western blot analysis

387  Protein lysates were extracted from pelleted cells as previously described, and quantified using

388  BCA assay (39, 89). Twenty micrograms of proteins were loaded in each well of 12%
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389  polyacrylamide gel and PAGE and Western blots were performed, as previously described (39,
390  89).

391

392  RNA extraction and quantitative Reverse Transcriptase-Polymerase Chain Reaction (QRT-PCR)
393  for CBX7

394

395 Total RNA was extracted from pelleted cells using RNeasy mini kit (Cat. No. 74106, Qiagen,
396 Hilden, Germany). cDNA was obtained from 1 ug RNA using iScript cDNA synthesis kit (Bio-Rad,
397  Hercules, CA). CBX7 and GAPDH gPCR was performed using SYBR Green Supermix (Bio-Rad,
398  Hercules, CA) with 1:10 dilution of cDNA in a final volume of 10 pl according to manufacturer’s
399 instructions. The following primer sequences were used for CBX7 (Forward primer: 5-
400 CGAGTATCTGGTGAAGTGGAAA-3 and Reverse primer: 5-GGGGGTCCAAGATGTGCT-3)
401 and GAPDH (Forward primer: 5-TGACGCTGGGGCTGGCATT-3 and Reverse primer: 5-
402 GGCTGGTGGTCCAGGGGT-3’). Primers were synthesized by Integrated DNA Technologies
403  (San Diego, CA). gPCR was run on CFX96TM PCR detection system (Bio-Rad, Hercules, CA)
404  using the following thermocycling parameters: 2 min 95°C; then 45 cycles of 20 s at 95°C and 1
405 min at 60°C. Control groups are incubated in growth media and experimental groups are
406 incubated with ACM. No RT control was used as negative control. Relative expression was
407  calculated using the comparative AACT method with Control group as reference. All reactions
408  were performed in triplicates.

409

410  RNA extraction and quantitative PCR for miR-421

411  Total RNA was extracted from ACM-derived exosomes using miRNeasy mini kit (Cat. No. 74106,
412  Qiagen, Hilden, Germany). To determine miR-421 levels in exosomes, qPCR was performed with
413  TagMan miRNA assay kit (ThermoFisher Scientific, Waltham, MA). Briefly, miRNAs were reverse

414  transcribed with the miRNA Reverse Transcription reagent and amplified with Tagman PCR
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415 reagents, which were specifically designed for detecting mature miR-421 sequence
416 (AUCAACAGACAUUAAUUGGGCGQC). U6 snRNA (mature sequence:
417 GTGCTCGCTTCGGCAGCACATATACTAAAATTGGAACGATACAGAGAAGATTAGCATGGCC
418 CCTGCGCAAGGATGACACGCAAATTCGTGAAGCGTTCCATATTTT) was used as the internal
419  control. Relative expression was calculated by 2-AACt method according to published protocol
420  (90).

421

422  Statistical Analysis

423  Data were graphed and analyzed using Prism 9 (RRID:SCR_002798; GraphPad Software, Inc,
424  Boston, MA). Unpaired t test or One-way ANOVA were used and p values <0.05 were

425  considered statistically significant.
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461

462  Table 1. Patient characteristics.

Patient number Age Menopausal stage Diagnosis
652 64 Postmenopausal Grade 3 endometrial
cancer
654 50 Premenopausal Uterine leiomyoma
620 68 Postmenopausal Ovarian cyst
626 33 Premenopausal Cervical cancer
628 40 Premenopausal Uterine leiomyoma
568 52 Premenopausal Endometrial hyperplasia
463
464
465
466
467
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468 Table 2. List of miRNAs predicted by mirTarBase to target CBX7
469  hsa-miR-421

470  hsa-miR-125b-5p
471  has-miR-181b-5p
472  has-miR-766-3p
473  hsa-miR-6818-3p
474  hsa-miR-4515

475  hsa-miR-6077

476  hsa-miR-7-5p

477  hsa-miR-3169

478  hsa-miR-4700-3p
479  hsa-miR-548ay-3p
480  hsa-miR-548at-3p
481  hsa-miR-548as-3p
482  hsa-miR-548t-3p
483  hsa-miR-548ap-3p
484  hsa-miR-548aa
485  hsa-miR-19b-3p
486  hsa-miR-19a-3p

487  hsa-miR-18a-3p
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488  Table 3. List of miRNAs predicted by TargetScanHuman to target CBX7 (45 out of 918 are
489  listed)

490

491  hsa-miR-224-5p
492  hsa-miR-125b-5p
493  hsa-miR-4319
494  hsa-miR-125a-5p
495  hsa-miR-874-3p
496  hsa-miR-9-5p
497  hsa-miR-219a-2-3p
498  hsa-miR-331-3p
499  hsa-miR-193a-3p
500  hsa-miR-193b-3p
501 hsa-miR-181b-5p
502  hsa-miR-181c-5p
503  hsa-miR-181d-5p
504  hsa-miR-181a-5p
505  hsa-miR-4262
506 hsa-miR-182-5p
507  hsa-miR-218-5p
508  hsa-miR-19b-3p
509  hsa-miR-19a-3p
510  hsa-miR-181d-5p
511 hsa-miR-181a-5p
512  hsa-miR-181c-5p

513  hsa-miR-181b-5p
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514  hsa-miR-4262
515 hsa-miR-129-5p
516 hsa-miR-3653-3p
517  hsa-miR-3658
518  hsa-miR-570-3p
519  hsa-miR-1260b
520  hsa-miR-1260a
521  hsa-miR-1224-3p
522  hsa-miR-4433a-5p
523  hsa-miR-5588-3p
524  hsa-miR-6128
525  hsa-miR-875-3p
526  has-miR-421

527  hsa-miR-1299
528  hsa-miR-518c-5p
529  hsa-miR-6824-3p
530  hsa-miR-3191-5p
531 hsa-miR-6764-3p
532  hsa-miR-326

533  hsa-miR-330-5p
534  hsa-miR-3675-3p
535

536

537  Figures and Figures Legends

538
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Figure 1. Adipose conditioned media (ACM) downregulate CBX7 and enhance migratory
capacity in ovarian cancer cells. A panel of human ovarian cancer cells were cultured for 5
days in ACM from omental explants isolated from a female patient with a benign gynecological
condition. No treatment control cells (NT) were cultured in growth media. (A) Levels of CBX7 were
determined by Western blot analysis; (B) Representative microscopic images show acquisition of
a fibroblastic spindle-like morphology; (C) Western blot analysis for EMT markers in OCSC1-F2
human ovarian cancer cells; (D) top panel, OCSC1-F2 human ovarian cancer cells were cultured
in ACM or growth media for 5 days, trypsinized, washed, and placed in trans-well inserts with
growth media. Note enhanced migration in cells previously cultured with ACM; bottom panel,
quantification of migration (n=8); *** p < 0.0001. Data are presented as mean +/- SEM. Unpaired

t-test was used to determine statistical significance.
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552  Figure 2. Characterization of exosomes derived from adipose conditioned media (ACM).
553  Exosomes were isolated from ACM by differential ultracentrifugation. (A) Representative particle
554  size distribution (ave = 137 nm) of ACM-derived exosomes analyzed by Nanoparticle Tracking
555 Analysis; (B) Representative transmission electron microscopy image showing the doughnut-
556  shaped morphology of the isolated exosomes; (C) Representative Western blot analysis of ACM-
557  derived exosomes showing expression of exosomal markers CD63 and CD9 and absence of the
558  endoplasmic reticulum marker, calnexin; Protein lysate of Adipose-Derived Mesenchymal Stem
559 Cells (ADMSC) is used as positive control of calnexin. (D) Representative images from ExoView
560 analysis showing majority of captured exosomes are positive for the adipocyte marker, CD36,
561  and negative for the macrophage marker, CD11b; (E) Quantification of D and showing data from
562 6 individual patients. Data are presented as mean +/- SEM (n=6). Unpaired t-test was used to
563  determine statistical significance. Data shown are for exosomes 654 and 652. Similar results were
564  observed with other exosomal preparations.

565

566
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Figure 3. Adipose-derived exosomes are internalized by human ovarian cancer cells via
endocytosis and induce down-regulation of CBX7. (A) Labelled ACM-derived exosomes were
internalized by mCherry-labelled OCSC1-F2 cells; (B) Human R182 ovarian cancer cells were
treated for 48h with adipose-derived exosomes (5x10% exosomes/ml) isolated from patients in
Table 1. top panel, levels of CBX7 determined by Western blot analysis. * denotes preparations
able to down-regulate CBX7. bottom panel, densitometry quantification of top panel; (C) OCSC1-
F2 human ovarian cancer cells were treated with ACM, exosomes (exo), exosome-depleted ACM
(ACM-exo) or exosome with Nystatin and levels of CBX7 determined by Western blot analysis;
(D) OVCAR3 human ovarian cancer cells were treated with ACM, exosomes (exo), or exosome-

depleted ACM (ACM-exo) and levels of CBX7 determined by Western blot analysis.
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579  Figure 4. Adipose-derived exosomal miR-421 targets CBX7. (A) Venn diagram analysis from
580  predicted miRNAs targeting CBX7 from mirTarBase (Table 2) and TargetScanHuman (Table 3)
581 and lists of adipocyte specific miRNA from Adicer KO mice and patients with congenital
582  lipodystrophy (CGL) (65) shows miR-421 as the only common element in the overlap; (B) OCSC1-
583  F2 human ovarian cancer cells were treated with adipose-derived exosomes (exo) in the presence
584  of anti-miR-421 or anti-miR negative control (-ve con Anti-mir) and effect on CBX7 was
585  determined by Western blot analysis; NT, no treatment control (C) OCSC1-F2 human ovarian
586  cancer cells were treated with miR-421 mimic and the effect on CBX7 was determined by Western
587  blot analysis; Neg, non-specific miRNA; (D) plasmid design for luciferase reporter system carrying
588 CBX7 3 UTR predicted to be the binding site for miR-421 (pCBX7) and its mutated version
589  (pCBX7mut). Sequence of human miR-421 (hsa-mir-421) is also shown; (E) Luciferase reporters
590  were transfected in OCSC1-F2 human OC cells in the presence or absence of miR-421 or non-
591  specific miRNA (Neg) as indicated, and levels of luciferase were measured as surrogate of
592  binding affinity; (F) miR-421 was quantified in adipose- derived exosomes using qPCR. Note that
593  exosomes successful in downregulating CBX7 (columns with red data points) contain higher
594  levels of mir-421. Data are presented as mean +/- SEM (n=3). Ordinary One way ANOVA with
595  Tukey’s multiple comparison test was used to determine statistical significance.

596

597

598
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599  Supplementary Figure 1. Loss of CBX7 is sufficient to enhance migration. (A) CBX7 was
600 stably knocked-down in OCSC1-F2 human OC cells using CRISPR-Cas9. (A) Expression of
601 CBX7 was determined by Western blot analysis; (B) Effect on migration was determined using
602  trans-well migration assay. WT, wild-type; g1, guide RNA 1; g2, guide RNA 2.

603

604  Supplementary Figure 2. CBX7 protein downregulation is not associated with changes in
605 mRNA. OVCARS3 and OCSC1-F1 human OC cells were cultured in ACM for 5 days and effect
606 on CBX7 mRNA was determined by gqPCR. NT, Control no treatment cells were cultured in

607  growth media.

608

609
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