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14  Abstract

15 Toll-like receptor 9 (TLR9), primarily expressed in human dendritic and B
16 cells, recognizes double-stranded DNA motifs from pathogens, initiating an
17  inflammatory response. Recent studies have revealed TLR9's involvement beyond
18 its conventional role in immune response, notably during the tumorigenesis of
19 various cancers such as head and neck, cervical, and ovarian cancers. Here we
20 show by immunohistochemistry analysis demonstrated significantly lower TLR9
21 levels in breast cancer tumors compared to normal breast tissue epithelium.
22 Similarly, TLR9 downregulation was also observed in several transformed breast
23 cancer cell lines versus untransformed breast epithelial cell lines. Furthermore,
24 overexpression of TLR9 led to reduced proliferation potential of breast cancer cell
25 associated with activation of senescence as was evident by upregulation of
26 proinflammatory cytokine IL-6, chemokines IL-8 and CXCL1; and growth factor GM-
27  CSF. These findings support TLR9's regulatory role in mitigating breast cancer and
28 highlight its critical connection between the inflammatory response and tumor
29  immunity.

30 Introduction

31 Breast cancer (BC) is the most frequent malignant disease in females worldwide
32 [1], where 1 in every 6 cancer case resulted in death as of 2020 [2]. Current models
33 predict an ever increasing global burden, particularly amongst premenopausal and
34 postmenopausal women susceptible to age-related risk factors [3]. Cancer of the
35 breast tissue occurs when transformed epithelial cells-if not removed-invade the
36 breast duct (also known as invasive ductal carcinoma), given the proximity to the
37 lymphatic system and blood stream the risk of metastasis to other tissues is high and
38 treatment efficacy is relatively low [4]. The incidence of invasive ductal carcinoma
39 can be dramatically reduced by improving our abilities to detect, diagnose, and treat
40 preinvasive patients. However, the transformed epithelium exhibits intratumoral
41  heterogeneity and molecular diversity not only within the same individual [5,6], but in
42  presentation between patients [7,8], which presents an informational challenge for
43  clinicians and researchers alike. Indeed, immune cells have been shown to infiltrate
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44  early BC lesions [9]. Yet the exact mechanisms through which the body’'s innate
45 immune system contributes to the process of carcinogenesis are not fully
46  understood.

47 The Toll-like receptor (TLR) family are pattern recognition receptors that
48 respond to pathogen-associated molecular patterns and damage-associated
49  molecular patterns, canonically important in the innate immune response [10]. TLR9
50 is a sensor specialised in recognizing double stranded DNA (dsDNA) motifs
51 expressed by pathogens or released from damaged host cells. In humans, TLR9 is
52 expressed mainly on immune cells such as macrophages, plasmacytoid dendritic
53 cells, and B or T cells [11], but can also be found in the non-immune compartment
54 such as epithelial cells in the mammary gland [12,13] or even breast milk [14].
55 Activation of TLR9 which leads to increased production and secretion of
56 inflammatory cytokines and chemokines, particularly type | interferon, a critical
57 mediator involved in tumor immunosurveillance and rejection [15,16]. Importantly,
58 changes in the secretory phenotype of these inflammatory factors (i.e. IL-8, IL-6,
59 CXCL-1) are associated with cellular senescence and growth arrest of malignant
60 cells [17,18], indicating an important bridge between inflammation and tumor
61 suppression. In addition to immune activation, TLRs have previously described roles
62 in tissue repair during epithelial homeostasis or after injury [19,20]. Additionally, in
63  vitro data from cervical and head and neck cancer demonstrated that overexpression
64 of TLR9 induced a delay in S-phase exit and upregulation of tumor suppressor
65 proteins (i.e. p16, p21, p27, and p53) [21].Collectively, these data suggest TLR9 may
66 play a central role in modulating the tumor microenvironment during carcinogenesis.
67 Furthermore, TLR9 has been shown to be under-expressed in the epithelium of
68 many cancers [22—-25], which may introduce important context for the role of TLR9 in
69 the transformed epithelium during breast cancer metastasis.

70

71 In breast cancer, the role of TLR9 is not fully understood, and research
72  findings are conflicting. Some studies suggest that TLR9 expression is increased in
73  breast cancer cells, and its activation may contribute to the promotion of tumor
74 growth and aggressiveness [25-28]. On the other hand, other studies propose that
75 TLR9 overexpression can have anti-tumor effects by stimulating immune responses
76  against cancer cells [29-31]. Here, we observed a downregulation in TLR9
77  expression in clinical BC samples and human breast cancer cell lines. Furthermore,
78 TLR9 overexpression in BC cells induces a reduction in cell growth concurrent with
79 an increase in markers of cellular senescence. Thus, TLR9 expression may control
80 the cell cycle to repress cell growth and detain the transformation of epithelial cells
81 during BC development.

82

83 Results:

84

85 TLR9is differentially expressed in breast cancer epithelium.

86 To investigate if TLR9 protein can be specifically identified in the breast

87 epithelial cells, we optimized the TLR9 protein staining on skin, human tonsil, and
88 healthy breast tissue. We observed weak membranous staining in skin tissue in the
89 keratinocytes and tonsillar lymphocytes. The Iluminal cells exhibited diffuse
90 cytoplasmic staining patterns in normal breast tissue with minimal background signal
91 interferences (Figure 1). To further test the specificity of the primary antibody, we
92  utilized HEK293T cells that were stably expressing TLR9. TLR9 staining was
93 effectively inhibited upon the use of blocking recombinant TLR9 peptide (Figure 2).
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94 To determine how TLR9 is expressed in the breast epithelium, we examined
95 both whole tissue sections and TMA (tissue microarray) spots from paraffin-
96 embedded tumors and normal breast tissue samples. After optimizing
97 immunohistochemistry (IHC), we stained formalin-fixed and paraffin-embedded
98 breast tissues obtained from King’s College Tissue Bank, UK. We randomly selected
99 asample size of 98 breast tissue specimens, consisting of 29 cases of normal breast
100 tissue, 39 cases of peritumoral breast cancer tissue, and 29 cases of invasive breast
101 cancer tissue along with their adjacent tissues (Figure 3). Adjacent tissue refers to
102 the sections of tissue surrounding the breast cancer tissue in the whole tissue
103  sections, whereas peritumoral tissue refers to the noncancerous epithelial tissue
104 adjacent to the tumor in the same TMA spot. TLR9 expression to contextualize its
105 spatial and temporal expression in patient-matched samples were scored.The results
106  were evaluated by one-way ANOVA. We observed a statistically significant difference
107 among the breast tissue samples (normal, adjacent, peritumoral and tumor tissue,
108 p<0.0001). Tukey's Test for multiple comparisons found that the mean value of TLR9
109 was significantly different between normal tissue and all other breast tissues.
110  Additionally, the staining percentage in tumoral samples and the adjacent epithelium
111  was on average half that observed in healthy tissues (Figure 3A), suggesting an
112 overall trend towards decreased expression of TLR9 in BC tissue, consistent with the
113  phenotype observed in cervical cancer [32]. Furthermore, the mean TLR9 immune
114 response score was significantly lower in tumoral specimen compared to normal
115  epithelium (Figure 3C, p<0.007). Strikingly, 100% of the cells scored from TMA
116 samples were negative for TLR9. Collectively, these data suggest that TLR9
117  expression is suppressed in BC.

118

119 TLR9 expression is reduced in transformed breast cancer cell lines

120

121 To investigate if the phenotype in primary tumors is observed in transformed
122 cells, we mined microarray expression data in 59 BC cell lines from the Cancer Cell
123 Line Encyclopedia (CCLE). Indeed, we observed a significantly lower expression of
124  TLR9 (p <0.0001, Mann-Whitney) in all BC cell lines compared to immortalized cell
125 lines (n=8) (Figure 4A). Importantly, the immortalized breast cells HMEL showed the
126 highest expression of TLR9 (Figure 4A). We validated the in silico analysis in six cell
127 lines (MDA-MB-231, SK-BR-3, Hs578T, HCC1937, T-47D, and MDA-MB-361) by
128 quantitative PCR and found that relative TLR9 mRNA levels were lowest in the MDA-
129 MB-361 cells (Figure 4B, 4C). Collectively, these data support the clinical
130 observations and support the conclusion that TLR9 expression is lost during breast
131  carcinogenesis.

132

133 TLR9 impairs cell proliferation and induces senescence in MDAM-MB-361 BC
134 cells

135

136 To examine the mechanisms underlying TLR9 downregulation during breast
137 carcinogenesis, we transduced MDA-MB-361 cells to overexpress TLR9 with a
138  doxycycline-inducible Tet-on lentiviral vector pLVUT carrying a transgene for TLR9 or
139 TLR7 as a control (Supplemental Figure 1). Upon treatment with doxycycline, TLR9
140 competent MDA-MB361 grew significantly slower in culture over time than TLRO-
141  cells (Figure 5A, p<0.005). To assess the clonogenic potential in BC cells, we
142 examined colony formation of TLR9+ and TLR7+ MDA-MB361 cells upon induction
143  with 10uM, 100uM, and 1000uM doxycycline (Figure 5B). Notably, we observed a
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144  significant reduction in colony number (Figure 5C, p<0.005) as well as size (Figure
145 5D, p<0.005) in TLR9+ cells compared to TLR9- cells, regardless of doxycycline
146  dosage. Furthermore, no significant growth defects were observed in TLR7 controls
147  (Figure 5C, 5D). To ascertain if TLR9+ MDA-MB361 cells were undergoing cell cycle
148 arrest, cells were stained for Edu and analyzed by flow cytometry (Figure 6). We
149 observed that TLR9 overexpressing cells had fewer cells (22.3%) in S phase
150 compared to the TLR9- or TLR7 controls (approximately 35%), suggesting that fewer
151 TLR9+ cells are progressing through the cell cycle. These data suggest that TLR9
152  induces a reduction in cell proliferation in BC cells.

153 To understand if the arrest in cell growth was induced by cellular senescence,
154 we stained for senescence-associated B-galactosidase (SA- B-Gal) as described
155  previously [18]. Strikingly, TLR9-expressing MDA-MB-361 cells appear more
156  positively stained than TLR9-cells (Figure 7A). Furthermore, TLR7 expression did
157 not affect SA- B-Gal staining. A key feature of senescent cells is the production of
158 secretion associated senescent proteins (SASPs)-comprised of various chemokines,
159 cytokines, and growth factors- which induce a “pro-senescent” microenvironment
160 through autocrine and paracrine signaling [17]. To examine if TLR9 expression in BC
161 cells induces a change in SASP components we cultured pLVUT-TLR9 or pLVUT-
162 TLR7 MDA-MB-361 cell in doxycycline for 3-4 days, then harvested the supernatant
163  to incubate with a cytokine array as described previously [18]. Notably, the TLR9+
164  BC cells exhibit an increase in hallmark SASP components, particularly IL-8, CXCL1,
165 GM-CSF) (Figure 7B, Figure 7C). Although the cytokine assay revealed moderate
166 differences in the IL-6 family (IL-6 and oncostatin M), we found the relative mRNA
167  expression of IL-6 to be higher in TLR9+ than TLR7+ cells (Figure 7D). Collectively,
168 these data indicate that senescence is induced in BC cells in a TLR9 dependent
169 manner.

170

171  Discussion

172

173 Consistent with observations in epithelial cells from cervical and head and

174  neck cancers [21,22], we observed a reduction in TLR9 expression in epithelial cells
175 from primary breast tumoral tissue compared to normal epithelium from healthy
176  donors. Additionally, the adjacent epithelial tissue from patient matched tumoral
177  samples trend towards a more negative immunoreactive score (IRS) for TLR9, which
178 may suggest that BC tumors overexpress TLR9 compared to their surrounding
179 tissue. Furthermore, these data agree with previous observations where BC
180 epithelial cells are more TLR9+ than their adjacent tissue or stromal cells [26,33].
181  Yet, the opposite is true for the phenotype observed in TMA tumors, where no TLR9
182  positive signal was detected amongst 47 sections, despite the peritumoral tissue
183 presenting a mean TLR9 IRS score identical to that observed in conventional
184  tumors. One interpretation could be that conventionally sectioned tumors are larger
185 in surface area compared to TMAs, and therefore offer a more heterogenous
186 sampling of the tumor microenvironment. Given the BCs are prone to histological
187  heterogeneity [6], it is possible that the full sections capture epithelial showing spatial
188 and temporal heterogeneity [5]. In fact, the uniformity of phenotype amongst the TMA
189 TLR9 expression supports the idea that TMA sections are a better representation of
190 the true phenotype amongst a homogenous BC epithelial population. With regards to
191 the timing of TLR9 expression in BC, previous work [34] in clinical samples from
192 early noninvasive breast lesions and patients with triple negative severe
193 oncogenesis indicate that higher TLR9 expression appears early during breast
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194  carcinogenesis, and is associated with poor long term prognosis. We posit that the
195 loss of TLR9 expression may be a late-stage event during BC carcinogenesis.

196 Although high and low TLR9 expression is found in all the clinically relevant
197 subgroupings of breast cancer, including estrogen (ER) and progesterone (PgR)
198 receptor-positive, human epidermal growth factor receptor-2 (HER2)-positive, and
199 triple-negative tumors (which lack the expression of all these receptors), the
200 concurrent effect on metastasis or poor prognosis stratifies along these
201  subcategories. For example, in TNCs, TLR9 was associated with higher expression
202  correlating with a more fibrous and inflamed TME [30,34], and loss of this expression
203  Dbelies an aggressive metastasis with poor survival outlook [31,35]. In contrast, there
204 is an inverse correlation between tumor TLR9 and ER expression [12] where ER-
205 positive breast cancers have significantly lower levels of TLR9 expression, as
206 compared with TNBCs and correlated with poor prognosis [25,27,34]. We observe
207 that in our clinical samples, TLR9 is under expressed. These observations are
208 supported by a significant reduction in TLR9 mRNA expression by microarray
209 analysis of 59 breast cancer cell lines. Consistent with the clinical data, in our own
210 observations of TLR9 mRNA expression on six epithelial BC cell lines, relative TLR9
211  expression seems to stratify according to the BC clinical subgroupings. The three
212 TNC cell lines we analyzed (MDA-MB-231, HS578T, and Hcc1937) had the highest
213  relative TLR9 expression compared to the Her2+ (SK-BR-3) or the ER+ (T-47D,
214 MDA-MB-361) cell lines [36,37]. These observations may indicate a shared function
215 of TLR9 as a biomarker with other well-known prognostic factors in BC. Furthermore,
216  TLR9 overexpression in TLR9 positive BC cell lines increased invasiveness in vitro
217 and signs of poorly differentiated tumors, particularly under stimulation with ligand
218 CpG-DNA [13,25,26]. This may indicate that metastatic effects of TLR9 may occur in
219 a dose dependent during BC, however the extent to which TLR9 acts as in a pro-
220 transformative or tumor suppressant were unclear from these studies.

221 In head and neck cancer where endogenous TLR9 is under expressed, TLR9
222  exogenous expression induced cell stress (stasis in S phase), with a reported
223 accumulation in G1 after TLR9 reintroduction [21]. Our data reflects a similar
224 phenotype, suggesting overexpression of TLR9 may induce G1 arrest, however a
225 more detailed analysis into whether cells are truly arrested or undergoing apoptosis
226 s required. Furthermore, our data reflects a reduction in cell proliferation by colony
227 formation in TLR9+ cells, which suggesting TLR9 has a specific effect on
228 suppressing cell proliferation in BC. Furthermore, upon strong overexpression
229  selection (i.e. increasing doses of doxycycline). To investigate if the reduced cellular
230 proliferation was induced by cell cycle arrest, we investigated markers of cellular
231  senescence, which can be triggered by cellular stress from the changes associated
232 with oncogenic activation [38]. We observed a saturation of IL-6 in TLR9+ as well as
233 IL-6-like cytokine, oncostatin-M, with a strong increase in the mRNA IL-6 profile of
234  TLR9+ cells. IL-6 expression is reduced in invasive breast carcinoma relative to
235 normal mammary tissue and appears to be inversely associated with histological
236 tumor grade [39-41]. We also noted an increased secretion of GM-CSF in TLR9+
237  cells. Interestingly, GM-CSF is expressed in more than half of patient tumors [42]
238 and promotes an immunosuppressive TME in BC to activate plasmacytoid dendritic
239 cells in a regulatory Th2 [42—-44]. Conversely by cytokine array, we observe a slight
240 increase in secretion profile of TLR9+ compared to TLR7+ BC cells in VEGF, which
241 promotes BC invasion through autocrine signaling of CXCR4 [45]. This may suggest
242 that although TLR9+ cells are senescent, they may retain some metastatic potential.
243 Additionally, in our study TLR9 overexpression had strong impact on secretion of
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244 CXCL-1, which is implicated in BC metastasis via recruitment of myeloid cells [46].
245  Collectively, these observations indicate that not only does TLR9 apparently promote
246  senescence but seems to exhibit an immunoprofile consistent with cytokines
247  associated with tumor suppressive microenvironments, alongside apparent changes
248 in factors promoting invasion. Although highly indicative of a senescent mechanism,
249  further experiments to articulate the nature of when TLR9 induces BC cell arrest and
250 if these cells express hallmark tumor suppressor proteins like p53, p21“™* and
251 p16™** [47] could be helpful in elucidating the exact mechanisms of TLR9 tumor
252  suppression in BCs. Nevertheless, between the clinical observations and those in
253  BC cell lines, we postulate that perhaps a few key TLR9 expressing cells may induce
254  a pro-senescent microenvironment through paracrine signaling that acts as a tumor
255 suppressant to protect against metastasis. Furthermore, our in vitro data would
256  suggest that TLR9 can act in a cell-autonomous manner in tumor suppressor
257  function and directly impede oncogenic transformation in the epithelium of BCs.

258

259  Materials and Methods

260

261 Patients and samples

262 TLR9 Immunohistochemistry (IHC) was performed on formalin-fixed, paraffin-
263 embedded breast tissue from King's College Tissue Bank, UK. We randomly
264  selected a sample size of 98 breast tissue, consisting of 29 cases of normal breast
265  tissue, 39 cases of peritumoral breast cancer tissue, and 29 cases of invasive breast
266  cancer tissue with their adjacent tissue. Furthermore, a tissue microarray with 49
267 breast cancer cases was available to us. All samples were collected at diagnosis
268  prior to chemotherapy in compliance with and approved by the Institutional Review
269 Boards.

270

271  Immunofluorescence and immunohistochemistry of patient sections

272  Serial tissue sections were cut, deparaffinized, rehydrated, and subjected to the
273  appropriate antigen retrieval method. The sections were then incubated with anti-
274  TLR9 (clone D9M9H, Cell Signalling Technologies Ltd) and visualized with 3,3-
275 diaminobenzidine and hematoxylin or with secondary anti-Rabbit-Cy3 antibody
276  (Jackson Immunoresearch Lab). The positive tissue control consisted of archived,
277  formalin-fixed human tonsillar and cervical tissue. Blocking peptide (produced by Cell
278  Signalling Technologies Ltd) was used as a negative control. The samples were then
279 examined using a light microscope. Two pathologists, blinded to the associated
280 information about the samples, performed the scoring. The staining percentage was
281 scored on a scale from 0-4 (0=no staining, 1=<20%, 2=20-30%, 3=40-50%, 4=50-
282  70%, 5=>70%). The staining intensity was scored on a scale from 0-4 (O=no staining,
283  l=very weak, 2=weak, 3=moderate, 4=strong). We multiplied the percentage by the
284  intensity scores to generate the immunoreactive score (IRS). The IRS score ranged
285  from 0-15. Any IRS score above 0 was considered positive.

286

287

288 Lentiviral expression vector

289  The human pLVUT is a lentiviral vector expressing a Tet-on expression cassette in a

290 doxycycline-inducible manner . Human TLR9 and TLR7 cDNA sequence were
291 cloned into vector as previously described [48].
292

293  Cell Culture
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294

295 MDA-MB-361 human breast cancer cells were obtained and cultured according to
296  American Type Culture Collection (ATCC) standard protocol. Cells were maintained
297 in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal
298  bovine serum. Cells were regularly tested for mycoplasma using specific primers and
299  subcultured sterily in L2 facilities.

300

301 Microarray analysis

302

303 TLR9 gene expression analysis was generated by using Array Studio software
304 (Omicsoft Corporation). CEL files of BC (N=59) and immortalized (N=8) cell lines
305 were downloaded from the Cancer Cell Line Encyclopedia CCLE [49]. Raw
306 microarray data were processed using quantile normalization and robust multiarray
307 average algorithm. A custom CDF file from the Brain Array database was used for
308 the summarization (http://brainarray.mbni.med.umich.edu/Brainarray/Database/).

309

310 RNA extraction, reverse transcriptase-PCR and gPCR

311 RNA was extracted using Nucleospin RNA/protein kit following the manufacturer
312  protocol (Macherey-Nagel, Germany). Reverse transcriptase reaction was performed
313 using 500-1000ng of RNA. For qPCR, complementary DNA were diluted 1/20 for
314 quantitative PCR (qPCR) reactions using Mesa green qPCR Master Mix
315 (Eurogentec, Angers, France). PCR was conducted using the Mx 3000P real-time
316 PCR system (Stratagene, La Jolla, CA, USA). Two sets of PCR assays were
317 conducted for each sample, the TLR9 and B2-microglobulin primers have been
318 described [50]. Amplification specificity was assessed for each sample by melting
319 curve analysis, and the size of the amplicon checked by electrophoresis (data not
320 shown). Relative quantification was performed using standard curve analysis. TLR9
321  mRNA levels were normalized to B2-microglobulin mRNA levels and are presented
322 as aratio of gene copy number per 100 copies of f2-microglobulin in arbitrary units.

323  IL-6 mRNA detection
324  |L-6 measurement was performed as described by [51].
325 Immunoblot analysis

326 In brief, harvested cells were lysed in mild lysis buffer containing 50 mM Tris-HCI
327 (pH 8.0), 1500'mM NaCl, 1% Triton X-100, 17'/mM DTT, 0.5/mM and complete
328 protease inhibitor (Roche, Meylan, France). Cellular protein content was determined
329 by the Bradford assay (Bio-Rad, Marnes-la-Coquette, France); used for sodium
330 dodecyl sulphate-polyacryl amide gel and immunoblotting onto a polyvinyl difluoride
331 membrane. After incubation with primary antibodies, proteins were detected with
332 secondary peroxidase-conjugated antibodies (Promega, Madison, WI, USA) and
333 ECL. All the primary antibodies for western blotting were from Cell Signaling but the
334 B actin (MP biomedicals, Santa Ana, CA, USA).

335 Proliferation curve and colony formation assay
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336 Doubling population assay and clonogenicity assay were previously described [52],
337 each cell type, 1x10% cells were seeded into 100LJul of media in 96X microplates (E-
338 Plate). The attachment, spreading and proliferation of the cells were monitored every
339 7 days for 4 weeks and counted using trypan blue dead cell exclusion. For the
340 colony formation, cells were split for selection with doxycycline after pLVUT-TLR7/9
341 infection and grown as previously described [53]. Colonies were washed with PBS,
342 fixed, and stained on the plate for crystal violet in 20% methanol.

343

344  Cell Cycle Analysis and Senescence assays

345 MDAM-MB-361 overexpressing pLVUT-TLR9 or pLVUT-TLR7 conditioned in
346  doxycycline for 3-4 days then spun at 1000g for 5 min to remove debris. The
347 supernatant was harvested for Human Cytokine Antibody Array (abcam, ab133997)
348 according to the manufacturer’s instructions. Dot blots were analysed as previously
349 described [18]. Arrays were quantified using the Gel Analyzer tool on ImageJ. The
350 average signal (integrated pixel density) was standardized to the positive loading
351 controls for each blot. For cell cycle analysis by flow cytometry, cells were stained by
352  Click-iT Edu (Invitrogen C10337) according to manufacturer’s instructions and
353 analyzed on the BD Fortessa 5L. SA-B-Gal staining was performed according to the
354  manufacture’s instructions (Cell Signaling, SA-B-Gal staining kit (#9860).

355

356  Statistical analysis and graphics

357 All analyses were generated using GraphPad Prism (version 8 or later) by one-way
358 ANOVA unless otherwise stated.

359

360

361 Figure Legends

362

363 Figure 2: Specific staining of TLR9 observed in breast epithelial tissue
364 immunofluorescent staining of HEK293T (A), tonsil (B), and breast tissue (C)
365 samples with primary TLR9 antibody, which is effectively blocked upon use of TLR9
366  inhibitory peptide (right).

367

368 Figure 1: IHC Scoring of TLR9 in epithelial tissue immunohistochemical analysis of
369 TLR9 expression on paraffin-embedded skin (A), tonsil (B), and breast tissue (C).
370

371  Figure 3: Reduced TLR9 expression in tumor microarray (TMA) samples from breast
372 cancer patients TLR9 expression in human breast cancer samples. Statistical
373 analysis by one way ANOVA. All scores were graded in 29 Normal breast tissue, 39
374  peritumoral, 24 adjacent normal epithelial, 29 tumors, and 49 TMA tumor breast
375 tissue samples. (A.) Mean TLR9 staining percentage (x95% CI). The mean TLR9
376  expression was significantly lower in the tumor specimens compared with normal
377  epithelial cells (p < 0.0001).

378 (B.) Mean TLR9 staining intensity (£95% CI). The mean TLR9 expression was
379  significantly lower in the tumor specimens compared with normal epithelial cells (p <
380 0.0001).

381 (C.) Mean TLR9 immune response score (positivity*intensity) (x95% CI). The mean
382 TLR9 expression was significantly lower in the tumor specimens compared with
383  normal epithelial cells (p < 0.007).

384
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385 Figure 4: TLR9 in BC cell lines. (A) TLR9 gene expression analysis was generated
386 by using Array Studio software (Omicsoft Corporation). CEL files of BC (N=59) and
387 immortalized (N=8) cell lines were downloaded from the Cancer Cell Line. Each
388 symbol represents an independent breast cancer cell line or immortalized cell line.
389 (B) Quantitative PCR of cDNA from six BC cell lines. (C) Western blot analysis of
390 TLR9 clones generated using the MDAMS361 cell line.

391

392 Fiqure 5: TLR9 reduces cell number and colony formation in vitro. (A) Proliferation
393 curve in TLR9 proficient (+dox) and TLR9 deficient (-dox) cells. Reduction in number
394  of colonies (B) and cells/colony (C) in TLR9+ (+dox) compared to TLR9- (dox-) cells
395 (p <0.005) at various doxycycline concentrations. No significant growth defects
396 occurred in TLR7 controls. Representative image of colony assay at day 14 is shown
397 (D).

398

399 Figure 6: TLR9 overexpression abates progression through S phase. Flow
400 cytometry analysis of Edu incorporation (FITC). Cells were stained with propidium
401 iodide (PE) to assess for viability.

402

403 Figure 7: TLR9+ BC cells exhibit markers of senescence. (A) Staining for
404 senescence-associated B-galactosidase (SA-p-Gal) and (B) senescence-associated
405 secretory phenotype via cytokine array (abcam, ab133997). (C) Densitometry
406 quantification of cytokine array by Gel Analyzer on Image J and reported as fold
407 change in average integrated pixel density compared to positive loading controls. (D)
408 Quantitative PCR of cDNA for relative mRNA IL-6 expression levels in TLR7+ or
409 TLR9+ MDA-MB-361 cells.

410

411 Supplemental: Dox-inducible TLR9 rescue with pLVUT in MDA-MB-361. BC cell line
412 MDAMB 361 was transduced with a doxycycline-inducible TeT-on expression
413  plasmid pLVUT carrying transgene for TLR9 or TLR7 control. Cell lysates were
414  analyzed via Western blotting 3 days post treatment. The schematic for the lentiviral
415  vector is adapted from [54] (A). Western blot results for TLR9 and TLR7 (B).

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434



https://doi.org/10.1101/2024.07.04.601915
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.04.601915; this version posted September 3, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483

available under aCC-BY-ND 4.0 International license.

References

1. Gonzalez-Angulo, A.M.; Morales-Vasquez, F.; Hortobagyi, G.N. Overview of Resistance
to Systemic Therapy in Patients with Breast Cancer. In Breast Cancer Chemosensitivity;
Yu, D., Hung, M.-C., Eds.; Springer: New York, NY, 2007; pp. 1-22 ISBN 978-0-387-
74039-3.

2. Arnold, M.; Morgan, E.; Rumgay, H.; Mafra, A.; Singh, D.; Laversanne, M.; Vignat, J.;
Gralow, JR.; Cardoso, F.; Siesling, S.; et a. Current and Future Burden of Breast
Cancer: Global Statistics for 2020 and 2040. The Breast 2022, 66, 15-23,
doi:10.1016/j.breast.2022.08.010.

3. Heer, E.; Harper, A.; Escandor, N.; Sung, H.; McCormack, V.; Fidler-Benaoudia, M.M.
Global Burden and Trendsin Premenopausal and Postmenopausal Breast Cancer: A
Population-Based Study. Lancet Glob. Health 2020, 8, e1027—€1037,
doi:10.1016/S2214-109X(20)30215-1.

4. Dupont, W.D.; Parl, F.F.; Hartmann, W.H.; Brinton, L.A.; Winfield, A.C.; Worrell, JA.;
Schuyler, P.A.; Plummer, W.D. Breast Cancer Risk Associated with Proliferative Breast
Disease and Atypical Hyperplasia. Cancer 1993, 71, 1258-1265, doi:10.1002/1097-
0142(19930215)71:4<1258::A1D-CNCR2820710415>3.0.CO; 2-1.

5. Bedard, P.L.; Hansen, A.R.; Ratain, M .J.; Siu, L.L. Tumour Heterogeneity in the Clinic.
Nature 2013, 501, 355-364, doi:10.1038/naturel2627.

6. Martelotto, L.G.; Ng, C.K.; Piscuoglio, S.; Weigelt, B.; Reis-Filho, J.S. Breast Cancer
Intra-Tumor Heterogeneity. Breast Cancer Res. 2014, 16, 210, doi:10.1186/bcr3658.

7. Allred, D.C.; Wu, Y.; Mao, S.; Nagtegaal, |.D.; Lee, S.; Perou, C.M.; Mohsin, SK.;
O'Connéll, P.; Tsimelzon, A.; Medina, D. Ductal Carcinoma In Situ and the Emergence
of Diversity during Breast Cancer Evolution. Clin. Cancer Res. 2008, 14, 370-378,
doi:10.1158/1078-0432.CCR-07-1127.

8. Muggerud, A.A.; Hallett, M.; Johnsen, H.; Kleivi, K.; Zhou, W.; Tahmasebpoor, S.;
Amini, R.-M.; Botling, J.; Barresen-Dale, A.-L.; Sarlie, T.; et al. Molecular Diversity in
Ductal Carcinomain Situ (DCIS) and Early Invasive Breast Cancer. Mol. Oncol. 2010,
4, 357-368, doi:10.1016/j.molonc.2010.06.007.

9. DeNardo, D.G.; Coussens, L.M. Inflammation and Breast Cancer. Balancing Immune
Response: Crosstalk between Adaptive and Innate Immune Cells during Breast Cancer
Progression. Breast Cancer Res. 2007, 9, 212, doi:10.1186/bcr1746.

10. O'Neill, L.A.J. When Signaling Pathways Collide: Positive and Negative Regulation of
Toll-like Receptor Signal Transduction. Immunity 2008, 29, 12—20,
doi:10.1016/j.immuni.2008.06.004.

11. Iwasaki, A.; Medzhitov, R. Toll-like Receptor Control of the Adaptive Immune
Responses. Nat. Immunol. 2004, 5, 987—995, doi:10.1038/ni1112.

12. Sandholm, J.; Selander, K.S. Toll-Like Receptor 9 in Breast Cancer. Front. Immunol.
2014, 5.

13. Merrell, M.A.; llvesaro, J.M.; Lehtonen, N.; Sorsa, T.; Gehrs, B.; Rosenthal, E.; Chen,
D.; Shackley, B.; Harris, K.W.; Selander, K.S. Toll-Like Receptor 9 Agonists Promote
Cellular Invasion by Increasing Matrix M etalloproteinase Activity. Mol. Cancer Res.
2006, 4, 437447, doi:10.1158/1541-7786.M CR-06-0007.

10


https://doi.org/10.1101/2024.07.04.601915
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.04.601915; this version posted September 3, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

available under aCC-BY-ND 4.0 International license.

Armogida, SA.; Yannaras, N.M.; Mdton, A.L.; Srivastava, M.D. Identification and
Quantification of Innate Immune System Mediators in Human Breast Milk. Allergy
Asthma Proc. 2004, 25, 297-304.

Diamond, M.S.; Kinder, M.; Matsushita, H.; Mashayekhi, M.; Dunn, G.P.; Archambault,
JM.; Lee, H.; Arthur, C.D.; White, JM.; Kalinke, U.; et a. Type Interferon Is
Selectively Required by Dendritic Cells for Immune Rejection of Tumors. J. Exp. Med.
2011, 208, 1989-2003, doi:10.1084/jem.20101158.

Fuertes, M.B.; Kacha, A.K.; Kline, J.; Woo, S.-R.; Kranz, D.M.; Murphy, K.M;
Gajewski, T.F. Host Type | IFN Signals Are Required for Antitumor CD8+ T Cell
Responses through CD8a+ Dendritic Cells. J. Exp. Med. 2011, 208, 2005-2016,
doi:10.1084/jem.20101159.

Coppé, J.-P.; Desprez, P.-Y .; Krtolica, A.; Campisi, J. The Senescence-Associated
Secretory Phenotype: The Dark Side of Tumor Suppression. Annu. Rev. Pathol. 2010, 5,
99-118, doi:10.1146/annurev-pathol-121808-102144.

Glick, S.; Guey, B.; Gulen, M.F.; Wolter, K.; Kang, T.-W.; Schmacke, N.A.; Bridgeman,
A.; Rehwinkel, J.; Zender, L.; Ablasser, A. Innate Immune Sensing of Cytosolic
Chromatin Fragments through cGA S Promotes Senescence. Nat. Cell Biol. 2017, 19,
1061-1070, doi:10.1038/nch3586.

Rakoff-Nahoum, S.; Hao, L.; Medzhitov, R. Role of Toll-like Receptors in Spontaneous
Commensal-Dependent Colitis. Immunity 2006, 25, 319-329,
doi:10.1016/j.immuni.2006.06.010.

Gribar, S.C.; Richardson, W.M.; Sodhi, C.P.; Hackam, D.J. No Longer an Innocent
Bystander: Epithelial Toll-Like Receptor Signaling in the Devel opment of Mucosal
Inflammation. Mol. Med. 2008, 14, 645-659, doi:10.2119/2008-00035.Gribar.

Parroche, P.; Rablot, G.; Le Calvez-Kelm, F.; Tout, I.; Marotel, M.; Malfroy, M.;
Durand, G.; McKay, J.; Ainouze, M.; Carreira, C.; et a. TLR9 Re-Expression in Cancer
Cells Extends the S-Phase and Stabilizes p16INK4a Protein Expression. Oncogenesis
2016, 5, e244-e244, doi:10.1038/oncsis.2016.49.

Hasan, U.A.; Bates, E.; Takeshita, F.; Biliato, A.; Accardi, R.; Bouvard, V.; Mansour,
M.; Vincent, |.; Gissmann, L.; Iftner, T.; et a. TLR9 Expression and Function Is
Abolished by the Cervical Cancer-Associated Human Papillomavirus Type 161. J.
Immunol. 2007, 178, 3186-3197, doi:10.4049/jimmunol.178.5.3186.

Hartmann, E.; Wollenberg, B.; Rothenfusser, S.; Wagner, M.; Wellisch, D.; Mack, B.;
Giese, T.; Gires, O.; Endres, S.; Hartmann, G. Identification and Functional Analysis of
Tumor-Infiltrating Plasmacytoid Dendritic Cells in Head and Neck Cancerl. Cancer
Res. 2003, 63, 6478-6487.

Kuninaka, N.; Kurata, M.; Yamamoto, K.; Suzuki, S.; Umeda, S,; Kirimura, S.; Arai, A.;
Nakagawa, Y .; Suzuki, K.; Kitagawa, M. Expression of Toll-like Receptor 9 in Bone
Marrow Cells of Myelodysplastic Syndromes Is down-Regulated during Transformation
to Overt Leukemia. Exp. Mol. Pathol. 2010, 88, 293298,
doi:10.1016/j.yexmp.2010.01.009.

Berger, R.; Fiegl, H.; Goebel, G.; Obexer, P.; Ausserlechner, M.; Doppler, W.; Hauser-
Kronberger, C.; Reitsamer, R.; Egle, D.; Reimer, D.; et al. Toll-like Receptor 9
Expression in Breast and Ovarian Cancer Is Associated with Poorly Differentiated
Tumors. Cancer <ci. 2010, 101, 10591066, doi:10.1111/j.1349-7006.2010.01491.x.

llvesaro, JM.; Merrell, M.A.; Li, L.; Wakchoure, S.; Graves, D.; Brooks, S.; Rahko, E.;
Jukkola-Vuorinen, A.; Vuopala, K.S.; Harris, K.W.; et al. Toll-Like Receptor 9
Mediates CpG Oligonucleotide-Induced Cellular Invasion. Mol. Cancer Res. 2008, 6,
15341543, doi:10.1158/1541-7786.M CR-07-2005.

11


https://doi.org/10.1101/2024.07.04.601915
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.04.601915; this version posted September 3, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

available under aCC-BY-ND 4.0 International license.

Jukkola-Vuorinen, A.; Rahko, E.; Vuopala, K.S.; Desmond, R.; Lehenkari, P.P.; Harris,
K.W.; Selander, K.S. Toll-Like Receptor-9 Expression Is Inversely Correlated with
Estrogen Receptor Status in Breast Cancer. J. Innate Immun. 2008, 1, 59-68,
doi:10.1159/000151602.

Qiu, J;; Shao, S,; Yang, G.; Shen, Z.; Zhang, Y. Association of Toll like Receptor 9
Expression with Lymph Node Metastasis in Human Breast Cancer. Neoplasma 2011,
58, 251-255, doi:10.4149/neo_2011 03 251.

Karki, K.; Pande, D.; Negi, R.; Khanna, S.; Khanna, R.S.; Khanna, H.D. Correlation of
Serum Toll like Receptor 9 and Trace Elements with Lipid Peroxidation in the Patients
of Breast Diseases. J. Trace Elem. Med. Biol. 2015, 30, 11-16,
doi:10.1016/j.jtemb.2014.12.003.

Shi, S,; Xu, C,; Fang, X.; Zhang, Y .; Li, H.; Wen, W.; Yang, G. Expression Profile of
Toll”like Receptors in Human Breast Cancer. Mol. Med. Rep. 2020, 21, 786—794,
doi:10.3892/mmr.2019.10853.

Tuomela, J.; Sandholm, J.; Karihtala, P.; llvesaro, J.; Vuopala, K.S.; Kauppila, J.H.;
Kauppila, S.; Chen, D.; Pressey, C.; Harkonen, P.; et al. Low TLR9 Expression Defines
an Aggressive Subtype of Triple-Negative Breast Cancer. Breast Cancer Res. Treat.
2012, 135, 481-493, doi:10.1007/s10549-012-2181-7.

Hasan, U.A.; Zannetti, C.; Parroche, P.; Goutagny, N.; Malfroy, M.; Roblot, G.; Carreira,
C.; Hussain, I.; Mller, M.; Taylor-Papadimitriou, J.; et al. The Human Papillomavirus
Type 16 E7 Oncoprotein Induces a Transcriptional Repressor Complex on the Toll-like
Receptor 9 Promoter. J. Exp. Med. 2013, 210, 1369-1387, doi:10.1084/jem.20122394.

Singh, A.; Bandyopadhyay, A.; Mukherjee, N.; Basu, A. Toll-Like Receptor 9 Expression
Levelsin Breast Carcinoma Correlate with Improved Overall Survival in Patients
Treated with Neoadjuvant Chemotherapy and Could Serve as a Prognostic Marker.
Genet. Test. Mol. Biomark. 2021, 25, 12-19, doi:10.1089/gtmb.2020.0170.

Meseure, D.; Vacher, S.; Drak Alsibai, K.; Trassard, M.; Nicolas, A.; Leclere, R.;
Lerebours, F.; Guinebretiere, J.M.; Marangoni, E.; Lidereau, R.; et a. Biopathological
Significance of TLR9 Expression in Cancer Cells and Tumor Microenvironment Across
Invasive Breast Carcinomas Subtypes. Cancer Microenviron. 2016, 9, 107-118,
doi:10.1007/s12307-016-0186-1.

Chandler, M.R.; Keene, K.S.; Tuomela, J.M.; Forero-Torres, A.; Desmond, R.; Vuopala,
K.S.; Harris, K.W.; Merner, N.D.; Selander, K.S. Lower Frequency of TLR9 Variant
Assaociated with Protection from Breast Cancer among African Americans. PLOS ONE
2017, 12, e0183832, doi:10.1371/journal .pone.0183832.

Tate, C.R.; Rhodes, L.V.; Segar, H.C.; Driver, J.L.; Pounder, F.N.; Burow, M.E.; Collins-
Burow, B.M. Targeting Triple-Negative Breast Cancer Cells with the Histone
Deacetylase Inhibitor Panobinostat. Breast Cancer Res. 2012, 14, R79,
doi:10.1186/bcr3192.

Reddel, R.R.; Murphy, L.C.; Sutherland, R.L. Factors Affecting the Sensitivity of T-47D
Human Breast Cancer Cellsto Tamoxifen. Cancer Res. 1984, 44, 2398-2405.

Kumari, R.; Jat, P. Mechanisms of Cellular Senescence: Cell Cycle Arrest and
Senescence Associated Secretory Phenotype. Front. Cell Dev. Biol. 2021, 9.

Gil, J.; Peters, G. Regulation of the INK4b—ARF-INK4a Tumour Suppressor Locus: Al
for One or One for All. Nat. Rev. Mol. Cdll Biol. 2006, 7, 667677,
doi:10.1038/nrm1987.

Callado, M.; Gil, J.; Efeyan, A.; Guerra, C.; Schuhmacher, A.J.; Barradas, M.; Benguria,
A.; Zaballos, A.; Flores, JM.; Barbacid, M .; et al. Senescence in Premalignant
Tumours. Nature 2005, 436, 642—642, doi:10.1038/436642a.

12


https://doi.org/10.1101/2024.07.04.601915
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.04.601915; this version posted September 3, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

582  41. Coppé, J.-P.; Patil, C.K.; Rodier, F.; Sun, Y.; Mufioz, D.P.; Goldstein, J.; Nelson, P.S;;

583 Desprez, P.-Y .; Campisi, J. Senescence-Associated Secretory Phenotypes Reveal Cell-
584 Nonautonomous Functions of Oncogenic RAS and the P53 Tumor Suppressor. PLOS
585 Biol. 2008, 6, €301, doi:10.1371/journal .pbi0.0060301.

586 42. Ghirdli, C.; Reyal, F.; Jeanmougin, M.; Zollinger, R.; Sirven, P.; Michea, P.; Caux, C.;
587 Bendriss-Vermare, N.; Donnadieu, M.-H.; Caly, M.; et a. Breast Cancer Cell-Derived
588 GM-CSF Licenses Regulatory Th2 Induction by Plasmacytoid Predendritic Cellsin
589 Aggressive Disease Subtypes. Cancer Res. 2015, 75, 2775-2787, doi:10.1158/0008-
590 5472.CAN-14-2386.

591 43. Su, X.; Xu, Y.; Fox, G.C.; Xiang, J.; Kwakwa, K.A.; Davis, JL.; Belle, J.I.; Lee, W.-C,;
592 Wong, W.H.; Fontana, F.; et al. Breast Cancer—Derived GM-CSF Regulates Arginase 1
593 in Myeloid Cells to Promote an Immunosuppressive Microenvironment. J. Clin. Invest.
594 2021, 131, doi:10.1172/3C1145296.

595 44, Su, S.; Liu, Q.; Chen, J.; Chen, J.; Chen, F.; He, C.; Huang, D.; Wu, W.; Lin, L.; Huang,
596 W.; et al. A Positive Feedback Loop between Mesenchymal-like Cancer Cells and

597 Macrophages Is Essential to Breast Cancer Metastasis. Cancer Cell 2014, 25, 605620,
598 doi:10.1016/j.ccr.2014.03.021.

599 45, Bachelder, R.E.; Wendt, M.A.; Mercurio, A.M. Vascular Endothelial Growth Factor
600 Promotes Breast Carcinoma Invasion in an Autocrine Manner by Regulating the

601 Chemokine Receptor CXCR4. Cancer Res. 2002, 62, 7203-7206.

602  46. Acharyya, S.; Oskarsson, T.; Vanharanta, S.; Maladi, S.; Kim, J.; Morris, P.G.; Manova
603 Todorova, K.; Leversha, M.; Hogg, N.; Seshan, V.E.; et al. A CXCL1 Paracrine

604 Network Links Cancer Chemoresistance and Metastasis. Cell 2012, 150, 165-178,

605 doi:10.1016/j.cell.2012.04.042.

606  47. Prieur, A.; Besnard, E.; Babled, A.; Lemaitre, J.-M. P53 and p16INK4A Independent
607 Induction of Senescence by Chromatin-Dependent Alteration of S-Phase Progression.
608 Nat. Commun. 2011, 2, 473, doi:10.1038/ncomms1473.

609 48. Hasan, U.A.; Dadllet, S,; Vlach, J. Differentia Induction of Gene Promoter Constructs by
610 Constitutively Active Human TLRs. Biochem. Biophys. Res. Commun. 2004, 321, 124—
611 131, doi:10.1016/j.bbrc.2004.06.134.

612  49. Barreting, J.; Caponigro, G.; Stransky, N.; Venkatesan, K.; Margolin, A.A.; Kim, S,;
613 Wilson, C.J.; Lehar, J.; Kryukov, G.V.; Sonkin, D.; et al. The Cancer Cell Line

614 Encyclopedia Enables Predictive Modelling of Anticancer Drug Sensitivity. Nature
615 2012, 483, 603-607, doi:10.1038/nature11003.

616  50. Ablasser, A.; Poeck, H.; Anz, D.; Berger, M.; Schlee, M.; Kim, S.; Bourquin, C.;

617 Goutagny, N.; Jiang, Z.; Fitzgerald, K.A.; et a. Selection of Molecular Structure and
618 Delivery of RNA Oligonuclectides to Activate TLR7 versus TLR8 and to Induce High
619 Amounts of IL-12p70 in Primary Human Monocytesl. J. Immunol. 2009, 182, 6824~
620 6833, doi:10.4049/jimmunol .0803001.

621 51. Pescarmona, R.; Belot, A.; Villard, M.; Besson, L.; Lopez, J.; Mosnier, |.; Mathieu, A.-
622 L.; Lombard, C.; Garnier, L.; Frachette, C.; et al. Comparison of RT-qPCR and

623 Nanostring in the Measurement of Blood Interferon Response for the Diagnosis of Type
624 | Interferonopathies. Cytokine 2019, 113, 446-452, doi:10.1016/j.cyto.2018.10.023.
625 52. Mansour, M.; Touka, M.; Hasan, U.; Bellopede, A.; Smet, A.; Accardi, R.; Gabet, A.-S,;
626 Sylla, B.S.; Tommasino, M. E7 Properties of Mucosal Human Papillomavirus Types 26,
627 53 and 66 Correlate with Their Intermediate Risk for Cervical Cancer Development.
628 Virology 2007, 367, 1-9, doi:10.1016/j.virol.2007.05.005.

629 53. Vlach, J.; Hennecke, S.; Alevizopoulos, K.; Conti, D.; Amati, B. Growth Arrest by the
630 Cyclin” dependent Kinase Inhibitor p27Kipl Is Abrogated by cl'Myc. EMBO J. 1996,
631 15, 65956604, doi:10.1002/j.1460-2075.1996.tb01050.x.

13


https://doi.org/10.1101/2024.07.04.601915
http://creativecommons.org/licenses/by-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.04.601915; this version posted September 3, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

632  54. Szulc, J.; Wiznerowicz, M.; Sauvain, M.-O.; Trono, D.; Aebischer, P. A Versatile Tool
633 for Conditional Gene Expression and Knockdown. Nat. Methods 2006, 3, 109-116,

634 doi:10.1038/nmeth846.

635

636

637 Statement conflict of interest:

638

639 -

640

641  **No Conflict of Interest Statement**

642

643  As corresponding author, | hereby declare, on behalf of all authors of this manuscript
644  that there are no conflicts of interest to disclose. None of the authors have received
645 direct or indirect financial support, grants, or have any other personal relationships,
646 interests, or affiliations that could influence or appear to influence the work reported
647 in this paper.

648

649  Furthermore, all authors have contributed significantly to the research and
650 preparation of this manuscript and share responsibility for its content. Any funding
651  sources for this study have been acknowledged in the manuscript, and we confirm
652 that the funders had no role in the study design, data collection and analysis,
653  decision to publish, or preparation of the manuscript.

654

655 We affirm that we have no commercial or associative interest that represents a
656  conflict of interest in connection with the work submitted.

657

658 Dr Uzma Hasan

14


https://doi.org/10.1101/2024.07.04.601915
http://creativecommons.org/licenses/by-nd/4.0/

£l

--

S Lo Efoal

o -
r,_........-. w .....m Lo

L

_.ﬂnullj...l-_. . .‘....

i .
bioRxiv preprint d rﬁh
- LY

(which was not ce

Figure 1



https://doi.org/10.1101/2024.07.04.601915
http://creativecommons.org/licenses/by-nd/4.0/

TLRS TLR9 + blocking peptide

HEK293T

Tonsil

Normal Breast Tissue

Figure 2


https://doi.org/10.1101/2024.07.04.601915
http://creativecommons.org/licenses/by-nd/4.0/

A

TLR9 staining percentage - I
Maormal 25 2.10 1.86 1
(mEHn 195% CI) Adj epithelium 20 0.50 061 0
Periturmoural 5 113 110 1
Tumour 29 1.14 130 1
ThlA_Twmour 47 0 i ]
Tatal 164 0.80 132 ]
N=29 MN=20 M=33 MN=25 M=47
54 m:ag T &
4 -
o u]
c
8 ’
& C o
[ -3 L] 3 o] a
& £
=
E
X s &
» o
2 E_ [a] * = ﬂlﬂ 2 i
e
—
|_
(L] Q o
- & o) & a
1 % o g @ o ﬁﬂﬁ nz E:E.
[ Ao o aa
1| ooo® oo o nljﬁ"u# uﬁzm limlﬂn
I I I 1 ]
Mormal Adj epithelium Peritumoural Tumaour TMA_Turmour
Tissue type
bioRxiv preprint doi: https://doi.org/10.1101/2024.07.04.601915; this version posted September 3, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.
o g i Tissue Type [ ] Mean 5D p50
TLR9 staining intensity
Mormal 29 1.48 1.02 i
{I'I"IE'EI"I +95% C“ Adj epithelium 20 0.45 0.51 0
Periturnowral L) 0.92 081 1
Turmaur 29 a.76 0.74 1
TMA_Turnour a7 1] i] i
Total 164 0.67 .85 4]
M=29 M=20 N=39 M=29 M=47
- o o o9
a
o
- o o
5 0 o g o % o o o
[¥) 2 = [=] a o E L]
E—J Q
o
2
kT
C
L
=
= a a
Cy
= 8 BFo oo ©
E 14 o e ;ﬁ,n c 8 A g & 1 o
| & EE' L 0 o ' @
= oo
o a oo
e L]
> ok o ofs °f
0{ooo @ o db o Bome o ofeoco © c@dbends S
I L I ] i
MNarmal Ad) epithelium Peritumoural Tumaour TMA_Tumour

Tissue type

Figure 3


https://doi.org/10.1101/2024.07.04.601915
http://creativecommons.org/licenses/by-nd/4.0/

Toll-Like Receptor-9 protein

expression (IRS score)

N=29g f=20
15 o @
=]
E
&
c
i ]
o
e}
=
c o
Ic 104
i o
>
]
=
n
=
il o
4
8 5 8
F] [}
o
4 ° o
]
E o 2
- o B .
I:.ﬂ- n'-:' o ! Eﬁ"ﬂ
D{ooe @ oo @b
; o
Mormal Adj epithelium

MN=39

& a®
S
o
I;E:n':"n
o % nﬁ

Pentumoural

Tissue Type N Mean 5D p50
Marmal 29 4.34 5.06 2
Adj epithelium 20 0.50 0.61 o
Peritumaral 39 1.59 177 1
Turnour 29 159 244 1
TMA_Tumour 47 0.00 Q.00 0
Total 164 1.48 289 o
Mu25 Med7
o
o
L]
u]
oo
o
ot g
o _Elﬂ
L] o o0 {?
o of@aoo ® cadbmods So
— T -
Tumour TKA_ Tumour

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.04.601915; this version posted September 3, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made

available under aCC-BY-ND 4.0 International license.


https://doi.org/10.1101/2024.07.04.601915
http://creativecommons.org/licenses/by-nd/4.0/

CCLE database

« HMEL_breast

ot

TLR9 gene expression (Log2)
= =]
11
TLRS mRNA relative levels
M

3 1-
3.5=
p<0.0001 0-
3.0 T | rl_”:-h"
&a & &t
D N
B N
P ol
S5 4
* E &
W N
(%) S
& &
f\ '&

bioRxiv preprint doi: https://doi.org/10.1101/2024.07.04.601915; this version posted September 3, 2024. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-ND 4.0 International license.

C
MDAM361 Clones

1 2 3 4 5

TLRO

p-actin

Figure 4


https://doi.org/10.1101/2024.07.04.601915
http://creativecommons.org/licenses/by-nd/4.0/

g
E
=
=
3
g
s
1o
=
o
bioRxiv prepri
(which was not c
g]
2
=
=]
o
O
R
o
o
=

105
10¢
10°
10
101 T T T T T
0 7 14 21 28
Time (d)
M361TLR7 M361TLRO
10 100 1000 DOX 10 100 1000 DOX

[ 3, 2024. The copyri
p display the prepri
-

@ TLRO B TLRr7

@ . g _fe
& =
s =)

o+
14 days
@® TLR9 B TR7
500- 150-
400+ @ . B =
O
300- 2
wa ©100-
200 & 5
T )
40- 2
30 ® ® = 8 50-
20- @ 5
10 & z
0 ® = BE 0
10 100 1000 10 100 1000
DOX . + - + . + S S = DOX

10 100 1000 10 100 1000

- % e F = F et - -

Figure 5


https://doi.org/10.1101/2024.07.04.601915
http://creativecommons.org/licenses/by-nd/4.0/

TLR7+

iy ;i
T L Ralgﬁlv preprint doi: https://doi. orﬂll 2 4,60'_1,91.5' tms Versian posted September 3, 2024.
iCh was not certified by peer rewew) i R er who has-granted bioRxiv a license to dis

avallabl- der &G =:I§-Y ND, 4 0 International license.

TLR9+

Live Cells

IIIIlIIIIIIIIIIIIIIIIIIIII

o

__IllllllltllllllllIlllllilll-l

a-\.l

200K

100K

""I""I" "I"“l'

III-III-

200K ==

200K

100K

-
1
3J:_§..;f.' i . K
= |
=l
B
-
-
-
=i

SSC-A

FSC-A

Single Cells

] 72.5%
200K i

100K

0

. o S i3
IIIlIIH' :

94.4%

LLl llm.luuluulnﬂll_llu||u||’|u||uu|uul|

"‘lu i || i II-II.I.II i ilu 1] ||'
75.4%

lllllll

200K

e copyright Holder for t,hls prepnnt
e preprint in perpetUIty- l,t ;s ma.de

100K

o

||ullullj|nln||]|l..|.|.l|_|llil|lllllllll

200K

—
-
-
>

-III nlll |I||.|| 1I| n Illl !III
0 200K

Viability-PE-A
>

E—
Viability-PE-W

CellCycle

—
o
o

-

—
-
.

o

47.9%

—
o
LY

o

———
Viability-PE

Figure 6


https://doi.org/10.1101/2024.07.04.601915
http://creativecommons.org/licenses/by-nd/4.0/

A TLR9 + TLRS -
ey . :"\ G
L= #__,, = ‘ T b
10pm 151.1:11
- =
TLR7 + TLR7 -
i
b
10um 10pum
TLR9+ TLR7+
Controls
;SOTOS  GM-CSF CXCL1 Lontrols  gM.CSF CXCL1
B s R o ® e W
' P : : i ] |
HE ‘e e ®| . = ! L. .y
Vo i o o [ SRR N ————" | Ity L e e WA IR R |
b ' ] R T
coLy LEigi i@l IL8 A L6 |, (a8
bioRxiv preprint dai-https://doi.org/10.1101/2027.07.04.6018%5: this version posted September 3, 2024. The copyright holder for this prep[%t 2 B =
(which was not ceftifigd bl peer review) isgihe author/funder, who has granted bioRxiv a ligense to display the preprint in perpetuity. It is maq'e'; Bl .
1I t available under aCC-BY-ND 4.0 International ficense. I i
:I.,.,_.,,..,.E . ¥ L] i - ! l-
Ri® s & siwieio; O e | CEEE N
iy | s bl ; = ] ]
pisls o sjoicinf. |_o! o FEEREE
TGF-f Oncostatin-M VEGF - TGF-f Oncostatin-M VEGF
Controls

1.5=
g‘ 1.0~
=
[i°]
£l
u J
=
=}
w 0.5+
0.0= —
&
#’hﬁ
&

L) i
& &£ N
| I |

CXCL1

Average Integrated Density

E TLR9+
B TLR7+

D

ARNmM IL-6

100 4
80 -
60 -
40 1
20+

TLR7+

|-
&
| R el
Contrels

TLR9+

Figure 7


https://doi.org/10.1101/2024.07.04.601915
http://creativecommons.org/licenses/by-nd/4.0/

