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36  Abstract

37  Anti-tumor drug resistance is a challenge for human triple-negative breast
38 cancer treatment. Our previous work demonstrated that TNFAIP2 activates
39 RACL1 to promote triple-negative breast cancer cell proliferation and migration.
40 However, the mechanism by which TNFAIP2 activates RAC1 is unknown. In
41 this study, we found that TNFAIP2 interacts with IQGAPL1 and Integrin B4.
42 Integrin B4 activates RAC1 through TNFAIP2 and IQGAP1 and confers DNA
43  damage-related drug resistance in triple-negative breast cancer. These results
44  indicate that the Integrin B4/TNFAIP2/IQGAP1/RAC1 axis provides potential
45  therapeutic targets to overcome DNA damage-related drug resistance in
46  triple-negative breast cancer.

47  Keywords
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52 Introduction

53  Breast cancer is the most commonly diagnosed cancer and the leading cause
sa  of cancer death in women¥. Although the diagnosis and treatment of breast
55 cancer has entered the era of molecular typing, 35% of breast cancers still
56  experience recurrence, metastasis and treatment failurel?. According to the
57 expression of estrogen receptor (ERa), progesterone receptor (PR) and
58 human epidermal growth factor receptor (HER2), breast cancer is divided into
59  ER/PR-positive, HER2-positive and triple-negative breast cancer (TNBC)®!,
60 For ER/PR-positive and HER2-positive breast cancer, endocrine therapies
61 such as tamoxifen and anti-HER2 targeted therapy such as trastuzumab have
62 achieved good efficacy. Targeted drugs for TNBC patients with BRCA1/2
63 mutations include two PARP inhibitors, olaparib and talazoparib. These
64  targeted drugs cannot fully meet the clinical needs of patients with various
65 TNBC subtypes™. Currently, DNA damage chemotherapy drugs, including
66  epirubicin and cisplatin, are widely used for TNBC treatment.

67

68 TNBC often recurs and metastasizes due to the development of
69 chemoresistance, although it is initially responsive to chemotherapeutic
70 drugs®. Chemoresistance severely impacts the clinical outcomes of patients.
71 Tumor cells become resistant to chemotherapeutic agents through several
72 mechanisms, such as improving DNA damage repair, changing the

73 intracellular accumulation of drugs, or increasing anti-apoptotic mechanisms!®.
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74  Therefore, characterization of the underlying molecular mechanisms by which
75 resistance occurs will provide opportunities to develop precise therapies to
76  enhance the efficacy of standard chemotherapy regimens &,

77

78 TNFAIP2 is abnormally highly expressed in a variety of tumor cells, including

79  TNBCY, nasopharyngeal carcinomal®®, malignant gliomal*, uroepithelial

[12 [13

so  carcinoma™ and esophageal squamous cell carcinoma™, and is associated
81  with poor prognosis. Our previous work * *Ishowed that TNFAIP2, as a KLF5
82 downstream target protein, can interact with RAC1"®, a member of the Rho
83 small GTP enzyme family, and activate RAC1 to alter the cytoskeleton, thereby
84 inducing filopodia and lamellipodia formation and promoting the adhesion,
85 migration and invasion of TNBC cells. After activation, RAC1 can activate AKT,
86 PAKs, NADPH oxidase and other related signaling pathways to promote cell
87  survival, proliferation, adhesion, migration and invasion®. Activation of RAC1
88 can reduce the therapeutic response to trastuzumab in breast cancer and
89 increase the resistance of TNBC cells to paclitaxel™”, but the specific
90 mechanism of action is not completely clear.

91

92 RAC1 has been shown to play an important role in DNA damage repair.
93 Activated RAC1 can promote the phosphorylation of the DNA damage

94  response-related molecules ATM/ATR, CHK1/2 and H2AX by activating the

95  activity of protein kinases such as ERK1/2, JNK and p38 & *°1 thus improving
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96 the DNA damage repair ability and inhibiting tumor cell apoptosis?>??. RAC1
97 also promotes aldolase release and activation by changing the cytoskeleton
98 and activates the ERK pathway to increase the pentose phosphate pathway to
99  promote nucleic acid synthesis, providing more raw materials for DNA damage
100 repair® 24 At the same time, the interaction of RAC1 and PI3K promoted AKT
101 phosphorylation and glucose uptake!®® 2%\ Therefore, RAC1 is well established
102  to promote the chemoresistance of breast cancer by promoting DNA damage
103 repail.

104

105 Integrin B4 (ITGB4) is a major component of hemidesmosomes and a receptor
106  molecule of laminin. Studies have shown that laminin-5 interacts with ITGB4 to
107  activate RAC1 activity and promote cell migration®”’ and polarization'®® by
108 altering the cytoskeleton. Since ITGB4-positive cancer stem cell
109  (CSC)-enriched mesenchymal cells were found to reside in an intermediate
110 epithelial/mesenchymal phenotypic state, ITGB4 can be used to enable
111 stratification of mesenchymal-like TNBC cells®®®. In addition, the expression
112 oflITGB4 on ALDH"®" breast cancer and head and neck cancer cells was

low

113 significantly greater than that on ALDH™" cells, proving the effects that ITGB4
114 targets on both bulk and CSC populations®.  Furthermore,
115 ITGB4-overexpressing TNBC cells provided cancer-associated fibroblasts

116  (CAFs) with ITGB4 proteins via exosomes, and ITGB4-overexpressing

117  CAF-conditioned medium promoted the proliferation,
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118  epithelial-to-mesenchymal transition, and invasion of breast cancer cells®.
119 ITGB4 also promotes breast cancer cell resistance to tamoxifen-induced
120 apoptosis by activating the PI3K/AKT signaling pathway and promotes breast
121 cancer cell resistance to anoikis by activating RAC12. However, how ITGB4
122 activates RACL1 is not completely clear.

123

124 RACL1 activity is regulated by guanylate exchange factors (GEFs), GTPase
125  activation proteins (GAPs), and guanine separation inhibitors (GDIs)®. GAPs
126  typically provide the necessary catalytic groups for GTP hydrolysis, but not all
127  GAPs function as hydrolases. IQGAP1 lacks an arginine in the GTPase
128  binding domain and cannot exert the hydrolysis effect of GAPs?*Y. IQGAP1 can
129  increase the activity of RAC1 and CDC42!% 3],

130

131 In this study, we demonstrated that TNFAIP2 interacts with IQGAP1 and
132 ITGBA4. ITGB4  promotes TNBC drug resistance via the
133  TNFAIP2/IQGAP1/RAC1 axis by promoting DNA damage repair. Our results
134  suggest that ITGB4 and TNFAIP2 might serve as promising therapeutic targets
135  for TNBC.

136
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137  Results

138  TNFAIP2 promotes TNBC DNA damage-related drug resistance

139  To explore the functional significance of TNFAIP2 in TNBC drug resistance, we
140 constructed stable TNFAIP2 overexpression and TNFAIP2 knockdown
141 HCC1806 and HCC1937 cells. As shown in Figure 1A-E, overexpression of
142  TNFAIP2 significantly increased cell viability when treated with EP1 and BMN.
143 Additionally, knockdown of TNFAIP2 significantly decreased cell viability when
144  treated with EPl and BMN (Figure 1F-J). We then examined the effects of
145  TNFAIP2 on DNA damage repair and found that TNFAIP2 promotes DNA
146 damage repair in response to EPlI and BMN. TNFAIP2 overexpression
147  decreased the protein expression levels of yH2AX, a marker of DNA damage,
148  and cleaved-PARP, a marker of apoptosis (Figure 1K). Additionally, knockdown
149 of TNFAIP2 significantly increased yH2AX and cleaved-PARP protein
150 expression levels in response to EPI and BMN in both cell lines (Figure 1L).
151

152  The function of TNFAIP2 was further validated by using two other DNA
153 damage drugs, DDP and AZD (Figure 1-figure supplement 1A-L). These
154  results suggested that TNFAIP2 enhances TNBC cell drug resistance by
155  promoting DNA damage repair.

156

157  TNFAIP2 confers TNBC drug resistance in vivo

158  To test whether TNFAIP2 also decreases the sensitivity of TNBC cells to EPI
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159 and BMN in vivo, we performed animal experiments in nude mice. HCC1806
160  cells with stable TNFAIP2 knockdown were orthotopically inoculated into the
161 fat pad of 7-week-old female mice (n=8 or 12/group). Western blotting was
162  performed to detect the knockdown effect of TNFAIP2 protein in animal
163  experiments (Figure 2-figure supplement 2G). When the tumor mass reached
164  approximately 50 mm?, each group was divided into two subgroups to receive
165  either EPI (2.5 mg/kg, twice a week) or vehicle control for 23 days and either
166 BMN (1 mg/kg, twice a week) or vehicle control for 29 days. We observed that
167  depletion of TNFAIP2 suppressed breast cancer cell growth in vivo. This is
168  consistent with our previous report®. More importantly, TNFAIP2 depletion
169  further decreased tumor volume when mice were treated with EPI and BMN
170  (Figure 2A-F). Meanwhile, BMN treatment had no effect on the body weight of
171 mice (Figure 2-figure supplement 1F). Consistently, EPl and DDP generated
172 similar results but decreased mouse body weight due to their high toxicity
173 (Figure 2-figure supplement 1D-E). These results suggest that inhibition of
174  TNFAIP2 expression can overcome HCC1806 breast cancer cell drug
175  resistance in animals.

176

177  TNFAIP2 promotes TNBC drug resistance and DNA damage repair via
178 RAC1

179  Since chemotherapeutic agents and PRAP inhibitors induce DNA damage

180 directly or indirectly DNA damage repair ability profoundly affects the
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181  sensitivity of cancer cells to these therapiest®” *®.. Since TNFAIP2 can activate
182 RAC1, a well-known drug resistance protein, we investigated whether
183  TNFAIP2 induces chemotherapeutic resistance through RAC1. We found that
184  RAC1 knockdown abrogated the effects of TNFAIP2 overexpression-induced
185 drug resistance to EPlI and BMN in HCC1806 and HCC1937 cells (Figure
186 3A-F). We also found that yH2AX and cleaved-PARP protein levels were
187 up-regulated again in RAC1 knockdown and TNFAIP2-overexpressing
188 HCC1806 and HCC1937 cells in response to EPI and BMN (Figure 3G-J). We
189  obtained similar results by using DDP and AZD treatment (Figure 3-figure
190 supplement 1A-J). Collectively, these results suggest that TNFAIP2 promotes
191 DNA damage repair and drug resistance via RAC1.

192

193 IQGAP1 mediates RAC1 activation by TNFAIP2 and promotes TNBC drug
194 resistance

195 To characterize the mechanism by which TNFAIP2 activates RAC1, we
196 performed an IP-MS experiment. We found that TNFAIP2 interacts with
197 IQGAP1 (Figure 4A). To validate whether TNFAIP2 interacts with IQGAP1, we
198  constructed HCC1806 cells with stable Flag-TNFAIP2 overexpression and
199 collected Flag-tagged TNFAIP2 cell lysates for immunoprecipitation assays
200 using Flag-M2 beads (Figure 4-figure supplement 1A).We performed
201 immunoprecipitation using ananti-IQGAP1 antibody and found that
202 endogenous IQGAP1 protein interacted with endogenous TNFAIP2 protein

10
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203 inHCC1806 cells (Figure 4B). Next, we mapped the regions of TNFAIP2 and
204 IQGAP1 proteins responsible for the interaction by generating a series of
205 Flag-TNFAIP2 deletion mutants and transfected them into HEK293T cells
206 together with full-length IQGAP1. Then, we performed immunoprecipitation
207 assays using Flag-M2 beads (Figure 4-figure supplement 1B). We
208 demonstrated that the N-terminus (1-79 aa) of the TNFAIP2 protein interacted
209  with IQGAP1. To explore the function of IQGAP1 in TNBC drug resistance, we
210  knocked down IQGAP1 in HCC1806 and HCC1937 cells. As shown in Figure
211 4C-G, knockdown of IQGAP1 significantly decreased cell viability in the
212 presence of EPI and BMN in both cell lines. We also examined the effects of
213 IQGAP1 on DNA damage repair and found that IQGAP1 promotes DNA
214 damage repair. IQGAP1 knockdown increased yH2AX and cleaved-PARP
215  protein expression levels when HCC1806 and HCC1937 cells were treated
216  with EPI and BMN (Figure 4H). Next, we found that IQGAP1 knockdown
217  abrogated the effects of TNFAIP2 overexpression on resistance to EPI and
218 BMN (Figure 4I-K, Figure 4-figure supplement 1C-E). We also found that
219  yYH2AX and cleaved-PARP protein levels were up-regulated in IQGAP1
220 knockdown and TNFAIP2-overexpressing HCC1806 and HCC1937 cells
221 (Figure 4L). In addition, we found that the TNFAIP2 overexpression-induced
222 increase in RAC1 activity was abolished by IQGAP1 knockdown (Figure 4M).
223

224 ITGB4 interacts with TNFAIP2 and promotes TNBC drug resistance and

11
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225 DNA damage repair

226 In addition to IQGAP1, TNFAIP2 may interact with ITGB4 (Figure 4A). To
227 validate whether TNFAIP2 interacts with ITGB4, we immunoprecipitated
228 exogenous Flag-tagged TNFAIP2 proteins from HCC1806 cells by using
229 Flag-M2 beads and detected endogenous ITGB4 proteins (Figure 5A).To
230 further confirm the protein_protein interaction between endogenous TNFAIP2
231 and ITGB4 proteins, we collected HCC1806 cell lysates and performed
232 immunoprecipitation using an anti-TNFAIP2/ITGB4 antibody and found that
233  endogenous TNFAIP2/ITGB4 protein interacted with endogenous
234  ITGB4/TNFAIP2 protein (Figure 5B-C). We further mapped the regions of
235 TNFAIP2 and ITGB4 proteins responsible for the interaction (Figure 5-figure
236  supplement 2l) by generating a series of Flag-TNFAIP2/GST-fused TNFAIP2
237 deletion mutants and transfected them into HEK293T cells together with
238 full-length GST-fused ITGB4/ITGB4. Then, we performed immunoprecipitation
239 assays using Flag-M2 beads and glutathione beads. As shown in Figure
240 5-figure supplement 2J-K, the N-terminus (218-287aa) of the TNFAIP2
241 (TNFAIP2-S-N1-3) protein interacted with ITGB4. To map the domains of
242 ITGB4 that interact with TNFAIP2, we transfected Flag-tagged full-length
243 TNFAIP2 into HEK293T cells with full-length or truncated ITGB4. We found
244  that the C-terminus (710-740 aa) of the ITGB4 protein interacted with TNFAIP2
245  (Figure 5-figure supplement 2L-M). Taken together, these results suggest that
246 TNFAIP2 interacts with ITGB4 and that their interaction is mediated through

12
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247  the N-terminus of TNFAIP2 and the C-terminus of ITGB4.

248  To explore the function of ITGB4 in TNBC drug resistance, we knocked down
249 ITGB4 in HCC1806 and HCC1937 cells. As shown in Figure 5D-I, knockdown
250 of ITGBA4 significantly decreased cell viability in the presence of EPl and BMN
251 in both cell lines. Knockdown of ITGB4 also suppressed HCC1806 xenograft
252 growth in vivo. The knockdown effect of ITGB4 protein in animal experiments
253 was confirmed by Western blotting (Figure 5-figure supplement 2N). More
254  importantly, ITGB4 knockdown further decreased tumor volume when mice
255  were treated with EPI and BMN (Figure 5J-N). Meanwhile, BMN treatment had
256  no effect on the body weight of mice, but EPI treatment decreased mouse
257 body weight due to its toxicity (Figure 5-figure supplement 1H). We then
258 examined the effects of ITGB4 on DNA damage repair and found that ITGB4
259  promotes DNA damage repair in response to EPI and BMN. ITGB4 knockdown
260 increased yYH2AX and cleaved-PARP protein expression levels when
261 HCC1806 and HCC1937 cells were treated with EPI and BMN (Figure 50).
262  Furthermore, the function of ITGB4 was validated by using two other drugs,
263 DDP and AZD (Figure 5-figure supplement 1A-G). These results suggested
264 that ITGB4 increases TNBC drug resistance and promotes DNA damage
265  repair.

266

267 ITGB4 activates RAC1 through TNFAIP2 and IQGAP1

268 It is well known that ITGB4 can activate RAC1*"! and that TNFAIP2 interacts

13
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269 with RAC1 and activates it’®. To test whether ITGB4 activates RAC1 through
270 TNFAIP2, we measured the levels of GTP-bound RAC1 in
271 ITGB4-overexpressing and ITGB4-knockdown cells. Overexpression of ITGB4
272 significantly increased the levels of GTP-bound RAC1 in both HCC1806 and
273 HCC1937 cells (Figure 6A). In agreement with this observation, knockdown of
274  ITGBA4 significantly decreased the levels of GTP-bound RACL1 in both cell lines
275  (Figure 6B). Next, we knocked down TNFAIP2 in ITGB4-overexpressing
276  HCC1806 and HCC1937 cells and found that ITGB4-increased RAC1 activity
277  was blocked by TNFAIP2 knockdown (Figure 6C-D). Collectively, these results
278  demonstrate that ITGB4 activates RAC1 through TNFAIP2.

279

280 It has been reported that RAC1 activity is promoted by IQGAP1B% and that
281  TNFAIP2 activates RAC1 through IQGAP1 (Figure 4P). We wondered whether
282  ITGBA4 activates RAC1 through IQGAP1; therefore, we knocked down IQGAP1
283 in HCC1806 and HCC1937 cells with stable overexpression of ITGB4 and
284 found that the ITGB4-induced increase in RAC1 activity was abolished by
285 IQGAP1 knockdown (Figure 6E-F). These results suggest that ITGB4
286  activates RACL1 through TNFAIP2 and IQGAPL.

287

288 ITGB4 promotes TNBC drug resistance via TNFAIP2/IQGAP1/RAC1

289  Since ITGB4, TNFAIP2, and IQGAP1 promote drug resistance by promoting
290 DNA damage repair in TNBC, we wondered whether ITGB4 promoted drug

14
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291 resistance through the TNFAIP2/IQGAP1/RAC1 axis. We knocked down
292  TNFAIP2, IQGAP1, and RACL1 in ITGB4-overexpressing cells and found that
293  blocking the TNFAIP2/IQGAP1/RAC1 axis increased the sensitivity of
294  ITGB4-overexpressing HCC1806 (Figure 7A-I) and HCC1937 cells to EPI and
295 BMN (Figure 7-figure supplement 20-W). We also found that yH2AX and
296 cleaved-PARP levels were upregulated in TNFAIP2/IQGAP1/RAC1
297  knockdown HCC1806 and HCC1937 cells stably expressing ITGB4 in the
298 presence of EPI and BMN (Figure 7J-L, Figure 7-figure supplement 2X-Z).
299 DDP and AZD treatment generated similar results (Figure 7-figure supplement
300 1A-N). Together, these results suggest that ITGB4 promotes DNA damage
301 repair and drug resistance via the TNFAIP2/IQGAP1/RACL1 axis.

302

303 TNFAIP2 expression levels positively correlated with ITGB4 in TNBC
304  tissues

305 To test whether ITGB4 and TNFAIP2 are co-expressed in TNBC, we collected
306 135 TNBC specimens for IHC (the IQGAP1 antibody did not work for IHC).
307 Clinical pathological parameters, including patient age, tumor size, lymph node
308 status at the time of diagnosis, and follow-up status, including adjuvant
309 treatment and tumor recurrence, were retrospectively obtained from the
310 Department of Pathology, Henan Provincial People’s Hospital, Zhengzhou
311 University, China. We performed IHC analyses on two breast cancer tissue
312 chips containing a total of 135 patients with TNBC (Figure 8A-D). TNFAIP2

15
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313 and ITGB4 protein expression levels were significantly positively correlated

314  (Figure 8E).

315

16
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316 Discussion

317 Chemotherapies, including EPlI and DDP, are the main choice for TNBC
318 patients. Unfortunately, TNBC frequently develops resistance to
319  chemotherapy®. Currently, PARP inhibitors are effective for TNBC with
320 BRCAL/2 mutation or homologous recombination deficiency (HRD)¥**Z.
321  PARP inhibitors can cause DNA damage repair defects and have synergistic
322 lethal effects with HRD. Meanwhile, chemotherapy and PARP inhibitor
323  resistance is also a major problem in the clinic.

324 In this study, we first found that TNFAIP2 promotes TNBC drug resistance and
325 DNA damage repair through RAC1. Next, we found that TNFAIP2 interacts
326 with IQGAPland ITGB4. We verified that ITGB4 promotes TNBC drug
327 resistance and DNA damage repair through the TNFAIP2/IQGAP1/RACL1 axis.
328 Interestingly, we discovered for the first time that ITGB4 and TNFAIP2 promote
329 RACL1 activity through IQGAP1. Our study reveals that ITGB4 promotes TNBC
330 resistance through TNFAIP2-, IQGAP1-, and RAC1-mediated DNA damage
331 repair (Figure 7). This study provides new targets for reversing TNBC
332 resistance.

333  ITGB4 is well known to promote breast cancer stemness and can be activated
334 by laminin 5. In addition, ITGB4 is generally in partner with ITGAG, which is
335 another marker of breast cancer stem cells®! and drug resistance!*®.
336  Therefore, whether ITGA6 has similar functions needs further study. It was

337 reported that ITGB4 activates RAC1"®, but the mechanism is unclear. For the
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338 first time, we revealed that ITGB4 activates RAC1 through TNFAIP2 and
339 IQGAP1. More importantly, ITGB4 promotes drug resistance through the
340 TNFAIP2/IQGAP1/RACL1 axis.

341 TNFAIP2 plays important roles in different cellular and physiological processes,
342 including cell proliferation, adhesion, migration, membrane TNT formation,
343 angiogenesis, inflammation and tumorigenesisi**. We previously found that
344  TNFAIP2 was regulated by KLF5 and interacted with the small GTPases RAC1
345 and Cdc42, thereby regulating the actin cytoskeleton and cell morphology in
346 breast cancer cells®. However, the detailed mechanism is not clearly
347 understood. In this study, we found that IQGAP1 mediates this process.
348 IQGAP1 is a crucial regulator of cancer development by scaffolding and
349 facilitating different oncogenic pathways, especially RAC1/Cdc42, thus
350 affecting proliferation, adhesion, migration, invasion, and metastasis!*®. In
351 addition, IQGAP1 is increased during the differentiation of ovarian cancer stem
352 cells and promotes aggressive behaviors™*”. In our study, we found that
353  TNFAIP2 interacts with IQGAP1 and thus activates RAC1 to induce
354 chemotherapy and PARP inhibitor drug resistance.

355  Furthermore, TNFAIP2 was reported to induce epithelial-to-mesenchymal
356 transition and confer platinum resistance in urothelial cancer cells®?, and in
357 embryonic stem cell (ESC) differentiation, TNFAIP2wasfound to be important
358 in controlling lipid metabolism, which supports the ESC differentiation process
359 and planarian organ maintenance®. Another study found that TNFAIP2
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360 overexpression enhanced TNT-mediated autophagosome and lysosome
361 exchange, preventing advanced glycation end product (AGE)-induced
362 autophagy and lysosome dysfunction and apoptosis“®. In cancer treatment,
363 TNFAIP2 was chosen as one of the six signature genes predicting
364 chemotherapeutic and immunotherapeutic efficacies, with high-senescore
365 patients benefiting from immunotherapy and low-senescore patients
366  responsive to chemotherapy™”.

367 These reports provide a possible explanation for previous studies showing that
368 ITGBA4 is important in EMT and cancer stemness. According to our results that
369 there is an interaction between ITGB4 and TNFAIP2, ITGB4 might regulate
370 EMT and stemness through TNFAIP2. TNFAIP2 is one of the important factors
371 induced by tumor necrosis factor alpha (TNFa). Interestingly, TNFoarelease
372 could be induced by therapeutic drugs from multiple tumor cell lines. The
373 acquisition of docetaxel resistance was accompanied by increased constitutive
374 production of TNFa®Y. In addition, TNFo is a key tumor-promoting effector
375 molecule secreted by tumor-associated macrophages. In vitro neutralizing
376 TNFo was observed to inhibit tumor progression and improve the curative
377 effect of bevacizumab®?. Therefore, the mechanism by which TNFo. promotes
378 chemotherapeutic resistance in breast cancer should be further investigated.
379  For future studies, it will be important to develop Tnfaip2 knockout mice to
380 investigate the exact role of TNFAIP2 physiologically. According to recent
381 studies and our findings, agents targeting the interaction among
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382 ITGB4/TNFAIP2/IQGAP1 would be a promising trend for developing drugs to
383  overcome the resistance phenomenon.

384

385 In summary, ITGB4 and TNFAIP2 play important roles in breast cancer
386 chemoresistance. TNFAIP2 activates RAC1 to promote chemoresistance
387 through IQGAP1. In addition, ITGB4 activates RAC1 through TNFAIP2 and
388 IQGAP1 and confer DNA damage-related drug resistance in TNBC (Figure 8F).
389  These results indicate that the ITGB4/TNFAIP2/IQGAP1/RAC1 axis provides
390 potential therapeutic targets to overcome DNA damage-related drug
391 resistance in TNBC.

392
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409  Figure titles and legends

410 Figure 1. TNFAIP2 promotes TNBC DNA damage-related drug resistance

411  (A-E) Stable TNFAIP2 overexpression in HCC1806 and HCC1937 cells
412  significantly increased cell viability in the presence of EPI (0-1.6 yM) or BMN
413 (0-40 uM) treatment for 48 h, as measured by the SRB assay. Statistical
414  analysis was performed using one-way ANOVA, n=3, * P<0.05, ** P<0.01, ***

415 P<0.001. TNFAIP2 protein expression was detected by WB.
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416 (F-J) Stable TNFAIP2 knockdown in HCC1806 and HCC1937 cells
417  significantly decreased cell viability in the presence of EPI (0-1.6 uM) or BMN
418  (0-40 pyM) treatment for 48 h, as measured by the SRB assay. Statistical
419  analysis was performed using one-way ANOVA, n=3, * P<0.05, ** P<0.01, ***
420 P<0.001. TNFAIP2 protein expression was detected by WB.

421 (K) TNFAIP2 promoted DNA damage repair in the presence of EPI and BMN.
422 HCC1806 and HCC1937 cells stably overexpressing TNFAIP2 were treated
423 with 400 or 800 nM EPI for 48 h and 10 yM BMN for 24 h, respectively.
424  TNFAIP2, yH2AX, and PARP protein expression was detected by WB.

425 (L) TNFAIP2 knockdown increased DNA damage in the presence of EPI and
426  BMN. Stable TNFAIP2 knockdown cells were treated with 400 or 800 nM EPI
427  for 24 or 48h and 2.5 yM BMN for 24 h. TNFAIP2, yH2AX, and PARP protein
428  expression was detected by WB.

429  Figure 1-source data 1

430 Uncropped western blot images for Figure 1

431

432 Figure 2. TNFAIP2 confers TNBC drug resistance in vivo

433 (A-F) TNFAIP2 knockdown increased the sensitivity ofHCC1806 breast cancer
434  cells to EPI and BMN in vivo. HCC1806 cells with stable TNFAIP2 knockdown
435  were transplanted into the fat pad of 7-week-old female nude mice. When the
436 average tumor size reached approximately 50 mm? after inoculation, mice in
437  each group were randomly divided into two subgroups (n=4/group) to receive
438 EPI (2.5 mg/kg), BMN (1 mg/kg) or vehicle control for 23 or 29 days (A-B).
439  Tumor size was measured twice a week (C-D), and tumor masses were
440 collected and weighed at the end of the experiments (E-F). *: P<0.05, **:
441  P<0.01, **: P<0.001, t-test.

442

443  Figure 3. TNFAIP2 promotes TNBC drug resistance and DNA damage
444  repair via RAC1

445  (A-F) RAC1 knockdown abolished TNFAIP2-induced TNBC resistance to EPI
22
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446 and BMN. HCC1806 (A-C) and HCC1937 (D-F) cells with stable TNFAIP2
447  overexpression were transfected with RAC1 or control siRNA, followed by
448  treatment with EPI (0-1600 nM) and BMN (0-40 pM) for 48 or 72 h, respectively.
449  Cell viability was measured by the SRB assay. Statistical analysis was
450 performed using one-way ANOVA, n=3-9, * P<0.05, ** P<0.01, *** P<0.001.
451  Protein expression levels were analyzed by WB.

452  (G-J) RAC1 depletion abolished TNFAIP2-induced DNA damage decrease in
453  response to EPlI and BMN. HCC1806 (G-H) and HCC1937 (I-J) cells with
454  stable TNFAIP2 overexpression were transfected with RACL1 or control siRNA,
455  followed by treatment with EPI (400 or 800 nM) and BMN (10 uM) for 24 h,
456  respectively. Protein expression levels were analyzed by WB.

457  Figure 3-source data 1

458  Uncropped western blot images for Figure 3

459

460 Figure 4. IQGAP1 mediates RAC1 activation by TNFAIP2 and promotes
461 TNBC drug resistance

462  (A) The IP-MS result of TNFAIP2 in HCC1806 cells.

463 (B) Endogenous TNFAIP2 interacts with IQGAP1 in HCC1806 cells.
464  Endogenous TNFAIP2 protein was immunoprecipitated using ananti-IQGAP1
465 antibody. Immunoglobulin (Ig)G served as the negative control. Endogenous
466  TNFAIP2 was detected by WB.

467 (C-G) IQGAP1 knockdown in HCC1806 and HCC1937 cells significantly
468  decreased cell viability in the presence of EPI (0-1600 nM) and BMN (0-40 pM),
469 as measured by the SRB assay. Statistical analysis was performed using
470 one-way ANOVA, n=3-6, * P<0.05, ** P<0.01, ** P<0.001. IQGAP1 protein
471  expression was detected by WB.

472 (H) IQGAP1 knockdown in HCC1806 and HCC1937 cells increased DNA
473 damage of EPlI and BMN. HCC1806 and HCC1937 cells with IQGAP1
474  knockdown were treated with 800 nM EPI for 24 h and 10 uM BMN for 24 h,

475  respectively. ITGB4, yH2AX, and PARP protein expression was detected by
23
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476  WB.

477 (I-K) IQGAP1 knockdown abolished TNFAIP2-confered resistance to EPI and
478 BMN. HCC1806 cells with stable TNFAIP2 overexpression were transfected
479  with IQGAP1 or control siRNA, followed by treatment with EPI (0-1600 nM)
480 and BMN (0-40 uM) for 48 or 72 h, respectively. Cell viability was measured by
481 the SRB assay. Statistical analysis was performed using one-way ANOVA, n=3,
482  * P<0.05, ** P<0.01, *** P<0.001. IQGAPL1 protein expression was detected by
483  WB.

484 (L) IQGAP1 knockdown abolished TNFAIP2-confered resistance to EPI and
485 BMN. HCC1806 and HCC1937 cells with stable TNFAIP2 overexpression
486  were transfected with IQGAP1 or control siRNA, followed by treatment with
487 EPI (800 nM) and BMN (10 pM) for 24 h, respectively. Protein expression
488 levels were analyzed by WB.

489 (M) IQGAP1 knockdown abolished TNFAIP2-confered RAC1 activation.
490 HCC1806 and HCC1937 cells with stable TNFAIP2 overexpression were
491  transfected with IQGAP1 or control sSiRNA. GTP-RACL1 levels were assessed
492  using PAK-PBD beads.

493  Figure 4-source data 1

494  Uncropped western blot images for Figure 4

495

496 Figure 5. ITGB4 interacts with TNFAIP2 and promotes TNBC drug
497 resistance and DNA damage repair

498  (A) TNFAIP2 interacts with ITGB4.HCC1806 cells with stable TNFAIP2
499  overexpression were collected from flag-tagged TNFAIP2 cell lysates for
500 immunoprecipitation assays using Flag-M2 beads, and ITGB4 was detected by
501  WB.

502 (B) Endogenous TNFAIP2 interacts with ITGB4 in HCC1806 cells.
503 Endogenous TNFAIP2 protein was immunoprecipitated using an anti-TNFAIP2
504 antibody. 1gG served as the negative control. Endogenous ITGB4 was

505 detected by WB.
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506 (C) Endogenous ITGB4 interacts with TNFAIP2 in HCC1806 cells.
507 Endogenous ITGB4 protein was immunoprecipitated using an anti-ITGB4
508 antibody. 1gG served as the negative control. Endogenous TNFAIP2 was
509 detected by WB.

510 (D-1) ITGB4 knockdown in HCC1806 and HCC1937 cells significantly
511  decreased cell viability in the presence of EPI (0-800 nM) and BMN (0-40 pM),
512 as measured by the SRB assay. Statistical analysis was performed using
513 one-way ANOVA, n=3, * P<0.05, ** P<0.01, *** P<0.001. ITGB4 protein
514  expression was detected by WB.

515 (J-N) ITGB4 depletion promotes HCC1806 breast cancer cell sensitivity to EPI
516 and BMN treatment in vivo. HCC1806 cells with stable ITGB4 knockdown were
517 transplanted into the fat pad of 7-week-old female nude mice. When the
518 average tumor size reached approximately 50 mm?® after inoculation, the mice
519 in each group were randomly divided into two subgroups (n=4/group) to
520 receive EPI (2.5 mg/kg), BMN (1 mg/kg) or vehicle control for 22 days (J).
521 Tumor masses were collected and weighed at the end of the experiments (K),
522 and tumor size was measured twice a week (L-N).*: P<0.05, **: P<0.01, ***:
523 P<0.001, t-test.

524 (O) ITGB4 knockdown increased DNA damage of EPlI and BMN. HCC1806
525 and HCC1937 cells with ITGB4 knockdown were treated with 400 nM EPI for
526 24 h and 5 uM BMN for 24 h, respectively. ITGB4, yH2AX, and PARP protein
527  expression was detected by WB.

528  Figure 5-source data 1

529  Uncropped western blot images for Figure 5

530

531 Figure 6. ITGB4 activates RAC1 through TNFAIP2 and IQGAP1

532 (A) Overexpression of ITGB4 increased GTP-RAC1 levels in HCC1806 and
533 HCC1937 cells. GTP-RAC1 were assessed using PAK-PBD beads.

534  (B) Knockdown of ITGB4 by shRNA decreased GTP-RACL1 levels in HCC1806

535 and HCC1937 cells.
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536 (C-D) ITGB4 activates RAC1 through TNFAIP2. HCC1806 (C) and HCC1937
537 (D) cells with stable ITGB4 overexpression were transfected with TNFAIP2 or
538  control SiRNA.

539  (E-F) ITGB4 activates RAC1 through IQGAP1. HCC1806 (E) and HCC1937 (F)
540 cells with stable ITGB4 overexpression were transfected with IQGAP1 or
541  control SiRNA.

542  Figure 6-source data 1

543  Uncropped western blot images for Figure 6

544

545 Figure 7. ITGB4 promotes TNBC  drug resistance via
546 TNFAIP2/IQGAP1/RAC1

547 (A-C) ITGB4 promotes TNBC drug resistance through TNFAIP2. TNFAIP2
548  knockdown abolished ITGB4-induced resistance to EPlI and BMN. HCC1806
549  cells with stable ITGB4 overexpression were transfected with TNFAIP2 or
550 control siRNA, followed by treatment with EPI (0-400 nM) and BMN (0-30 uM)
551 for 48 or 72 h, respectively. Cell viability was measured by the SRB assay.
552  Statistical analysis was performed using one-way ANOVA, n=3, * P<0.05, **
553  P<0.01, *** P<0.001. Protein expression levels were analyzed by WB.

554 (D-F) ITGB4 promotes TNBC drug resistance through IQGAP1. HCC1806
555 cells with stable ITGB4 overexpression were transfected with IQGAP1 or
556  control siRNA, followed by treatment with EPI (0-800 nM) and BMN (0-40 pM)
557 for 48 or 72 h, respectively. Cell viability was measured by the SRB assay.
558  Statistical analysis was performed using one-way ANOVA, n=3, * P<0.05, **
559 P<0.01, *** P<0.001. Protein expression levels were analyzed by WB.

560 (G-l) ITGB4 promotes TNBC drug resistance through RAC1. HCC1806 cells
561 with stable ITGB4 overexpression were transfected with RAC1 or control
562  SIRNA, followed by treatment with EPI (0-400 nM) and BMN (0-40 yM) for 48
563 or 72 h, respectively. Cell viability was measured by the SRB assay. Statistical
564 analysis was performed using one-way ANOVA, n=3, * P<0.05, ** P<0.01, ***

565 P<0.001. Protein expression levels were analyzed by WB.
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566 (J) ITGB4 promotes DNA damage repair through TNFAIP2. HCC1806 cells
567  with stable ITGB4 overexpression were transfected with TNFAIP2 or control
568  SIRNA, followed by treatment with EPI (400 nM) and BMN (5 uM) for 24 h.
569  Protein expression levels were analyzed by WB.

570 (K) ITGB4 promotes DNA damage repair through IQGAP1. HCC1806 cells
571  with stable ITGB4 overexpression were transfected with IQGAPL or control
572 SiRNA, followed by treatment with EPI (400 nM) and BMN (5 uM) for 24 h.
573  Protein expression levels were analyzed by WB.

574 (L) ITGB4 promotes DNA damage repair through RAC1. HCC1806 cells with
575 stable ITGB4 overexpression were transfected with RAC1 or control siRNA,
576 followed by treatment with EPI (400 nM) and BMN (5 pM) for 24 h. Protein
577  expression levels were analyzed by WB.

578  Figure 7-source data 1

579  Uncropped western blot images for Figure 7

580

581 Figure 8. TNFAIP2 expression levels positively correlated with ITGB4 in
582 TNBC tissues

583  Representative IHC images of TNFAIP2 and ITGB4 protein expression in
584 breast cancer tissues are shown. The final expression assessment was
585 performed by combining the two scores (0-2=low, 6—7=high). A and B indicate
586 low scores, C and D indicate high scores, and E indicates that the TNFAIP2
587 and ITGB4 protein expression levels are positively correlated in human TNBC
588  specimens. Figure F is the work model of this study.

589
590 Supplemental information titles and legends

591  Figure 1-figure supplement 1. TNFAIP2 promotes TNBC DNA
592 damage-related drug resistance

593  (A-E) Stable TNFAIP2 overexpression in HCC1806 and HCC1937 cells
594  significantly increased cell viability in the presence of DDP (0-40uM) or AZD
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595 (0-40 pM) treatment for 48 h, as measured by the SRB assay. Statistical
596 analysis was performed using one-way ANOVA, n=3-6, * P<0.05, ** P<0.01,
597  *** P<0.001. TNFAIP2 protein expression was detected by WB.

598 (F-J) Stable TNFAIP2 knockdown in HCC1806 and HCC1937 cells
599  significantly decreased cell viability in the presence of DDP (0-40 pyM) or AZD
600 (0-40 pyM) treatment for 48 h, as measured by the SRB assay. Statistical
601  analysis was performed using one-way ANOVA, n=3, * P<0.05, ** P<0.01, ***
602 P<0.001. TNFAIP2 protein expression was detected by WB.

603  (K) TNFAIP2 promoted DNA damage repair in the presence of DDP and AZD.
604 HCC1806 and HCC1937 cells stably overexpressing TNFAIP2 were treated
605  with 20 yM DDP for 24 h or 48 h and 10 yM AZD for 24 h, respectively.
606  TNFAIP2, yH2AX, and PARP protein expression was detected by WB.

607 (L) TNFAIP2 knockdown increased DNA damage in the presence of DDP and
608 AZD. Stable TNFAIP2 knockdown cells were treated with 2.5 or 20 yM DDP for
609 24 h and 2.5 yM AzZD for 24 h. TNFAIP2, yH2AX, and PARP protein
610  expression was detected by WB.

611  Figure 1-figure supplement 1-source data 1

612  Uncropped western blot images for Figure 1-figure supplement 1

613

614  Figure 2-figure supplement 1. TNFAIP2 confers TNBC drug resistance in
615  VivOo

616  (A-F) TNFAIP2 knockdown increased the sensitivity ofHCC1806 breast cancer
617 cells to DDP in vivo. HCC1806 cells with stable TNFAIP2 knockdown were
618 transplanted into the fat pad of 7-week-old female nude mice. When the
619 average tumor size reached approximately 50 mm? after inoculation, mice in
620 each group were randomly divided into two subgroups (n=4/group) to receive
621  DDP (2.5 mg/kg) or vehicle control for 23 days (A). Tumor size was measured
622 twice a week (B), tumor masses were collected and weighed at the end of the
623 experiments (C), and mouse masses were collected and weighed at the

624  beginning or end of the experiments (D-F). *: P<0.05, **: P<0.01, ***: P<0.001,
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625  t-test.

626

627 Figure 2-figure supplement 2. TNFAIP2 confers TNBC drug resistance in
628  Vivo

629 (G) TNFAIP2 was stably knocked down in HCC1806, as determined by
630  Western blotting.

631  Figure 2-figure supplement 2-source data 1

632  Uncropped western blot images for Figure 2-figure supplement 2.

633

634 Figure 3-figure supplement 1. TNFAIP2 promotes TNBC drug resistance
635 and DNA damage repair via RAC1

636 (A-F) RACL1 knockdown abolished TNFAIP2-induced TNBC resistance to DDP
637 and AZD. HCC1806 (A-C) and HCC1937 (D-F) cells with stable TNFAIP2
638  overexpression were transfected with RAC1 or control siRNA, followed by
639 treatment with DDP (0-40 uM) and AZD (0-40 uM) for 48 or 72 h, respectively.
640 Cell viability was measured by the SRB assay. Statistical analysis was
641 performed using one-way ANOVA, n=3-4, * P<0.05, ** P<0.01, ** P<0.001.
642  Protein expression levels were analyzed by WB.

643 (G-J) RACL1 depletion abolished TNFAIP2-induced DNA damage decrease in
644 response to DDP and AZD. HCC1806 (G-H) and HCC1937 (I-J) cells with
645 stable TNFAIP2 overexpression were transfected with RAC1 or control siRNA,
646 followed by treatment with DDP (20 pM) and AZD (10 uM) for 24 h,
647  respectively. Protein expression levels were analyzed by WB.

648  Figure 3-figure supplement 1-source data 1

649  Uncropped western blot images for Figure 3-figure supplement 1

650

651 Figure 4-figure supplement 1. IQGAP1 mediates RAC1 activation by
652 TNFAIP2 and promotes TNBC drug resistance

653 (A) TNFAIP2 interacts with IQGAP1.HCC1806 cells with stable TNFAIP2

654 overexpression were collected from flag-tagged TNFAIP2 cell lysates for
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655 immunoprecipitation assays using Flag-M2 beads, and IQGAP1 was detected
656 by WB.

657  (B) Mapping the domains of TNFAIP2 that interact with IQGAP1. Flag-tagged
658 full-length or truncated TNFAIP2 was transfected into HEK293T cells with
659 no-tagged full-length 1QGAP1l. Cell Iysates were collected for
660 immunoprecipitation using Flag-M2 beads, and IQGAP1 was detected by WB.

661 (C-E) IQGAP1 knockdown abolished TNFAIP2-confered resistance to EPI and
662 BMN. HCC1937 cells with stable TNFAIP2 overexpression were transfected
663  with IQGAPL or control siRNA, followed by treatment with EPI (0-1600 nM)
664 and BMN (0-40 uM) for 48 or 72 h, respectively. Cell viability was measured by
665 the SRB assay. Statistical analysis was performed using one-way ANOVA, n=3,
666 * P<0.05, ** P<0.01, ** P<0.001. Protein expression levels were analyzed by
667 WB.

668  Figure 4-figure supplement 1-source data 1

669  Uncropped western blot images for Figure 4-figure supplement 1

670

671 Figure 5-figure supplement 1. ITGB4 interacts with TNFAIP2 and
672 promotes TNBC drug resistance and DNA damage repair

673 (A-F) ITGB4 knockdown in HCC1806 and HCC1937 cells significantly
674  decreased cell viability in the presence of DDP (0-40 uM) and AZD (0-40 uM),
675 as measured by the SRB assay. Statistical analysis was performed using
676 one-way ANOVA, n=3, * P<0.05, ** P<0.01, *** P<0.001. ITGB4 protein
677  expression was detected by WB.

678 (G) ITGB4 knockdown increased DNA damage of DDP and AZD. HCC1806
679 and HCC1937 cells with ITGB4 knockdown were treated with 5 uM or 7.5 uyM
680 DDP for 24 h and 15 yM or 20 yuM AZD for 24 h, respectively. ITGB4, yH2AX,
681 and PARP protein expression was detected by WB.

682 (H) Mouse masses were collected and weighed at the end of the experiments.

683  Figure 5-figure supplement 1-source data 1

684  Uncropped western blot images for Figure 5-figure supplement 1
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685
686 Figure b5-figure supplement 2. ITGB4 interacts with TNFAIP2 and
687 promotes TNBC drug resistance and DNA damage repair

688 (1) The model of full-length or truncated TNFAIP2.

689  (J) Mapping the domains of TNFAIP2 that interact with ITGB4. GST-tagged
690 Full-length ITGB4 was transfected into HEK293T cells with flag-tagged
691 full-length or truncated TNFAIP2. TNFAIP2 protein was immunoprecipitated
692 using Flag-M2 beads, and ITGB4 was detected by WB.

693  (K) Mapping the domains of TNFAIP2 that interact with ITGB4. No-tagged
694 full-length ITGB4 was transfected into HEK293T cells with GST-tagged
695 full-length or truncated TNFAIP2. Cell lysates were collected for the GST
696  pull-down assay, and ITGB4 was detected by WB.

697 (L) The model of full-length or truncated ITGB4.

698 (M) Mapping the domains of ITGB4 that interact with TNFAIP2. Flag-tagged
699 full-length TNFAIP2 was transfected into HEK293T cells with no-tagged
700 full-length or truncated ITGB4. Cell Ilysates were collected for
701  immunoprecipitation using Flag-M2 beads, and ITGB4 was detected by WB.
702 (N) ITGB4 was stably knocked down in HCC1806, as determined by Western
703 blotting.

704  Figure 5-figure supplement 2-source data 1

705  Uncropped western blot images for Figure 5-figure supplement 2

706

707  Figure 7-figure supplement 1. ITGB4 promotes TNBC drug resistance via
708  TNFAIP2/IQGAP1/RAC1

709  (A-F) ITGB4 promotes TNBC drug resistance through TNFAIP2. TNFAIP2
710  knockdown abolished ITGB4-induced resistance to DDP and AZD. HCC1806
711 (A-C) and HCC1937 (D-F) cells with stable ITGB4 overexpression were
712 transfected with TNFAIP2 or control siRNA, followed by treatment with DDP
713 (0-30 yM) and AZD (0-30 uM) for 48 or 72 h, respectively. Cell viability was

714 measured by the SRB assay. Protein expression levels were analyzed by WB.
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715  (G-L) ITGB4 promotes TNBC drug resistance through RAC1. RAC1
716  knockdown abolished ITGB4-induced resistance to DDP and AZD. HCC1806
717  (G-I) and HCC1937 (J-L) cells with stable ITGB4 overexpression were
718  transfected with RAC1 or control siRNA, followed by treatment with DDP (0-20
719 pM) and AZD (0-40 uM) for 48 or 72 h, respectively. Cell viability was
720 measured by the SRB assay. Statistical analysis was performed using
721 one-way ANOVA, n=3, * P<0.05, ** P<0.01, *** P<0.001. Protein expression
722 levels were analyzed by WB.

723 (M) ITGB4 promotes DNA damage repair through TNFAIP2. HCC1806 and
724 HCC1937 cells with stable ITGB4 overexpression were transfected with
725  TNFAIP2 or control siRNA, followed by treatment with DDP (7.5 pM or 10 uM)
726  and AZD (20 uM or 30 pM) for 24 h. Protein expression levels were analyzed
727 by WB.

728 (N) ITGB4 promotes DNA damage repair through RAC1. HCC1806 and
729 HCC1937 cells with stable ITGB4 overexpression were transfected with RAC1
730  or control sSiRNA, followed by treatment with DDP (7.5 yM) and AZD (20 uM or
731 30 uM) for 24 h. Protein expression levels were analyzed by WB.

732 Figure 7-figure supplement 1-source data 1

733 Uncropped western blot images for Figure 7-figure supplement 1

734

735  Figure 7-figure supplement 2. ITGB4 promotes TNBC drug resistance via
736  TNFAIP2/IQGAP1/RAC1

737 (0-Q) ITGB4 promotes TNBC drug resistance through TNFAIP2. TNFAIP2
738  knockdown abolished ITGB4-induced resistance to EPl and BMN. HCC1937
739  cells with stable ITGB4 overexpression were transfected with TNFAIP2 or
740  control siRNA, followed by treatment with EPI (0-800 nM) and BMN (0-30 pM)
741  for 48 or 72 h, respectively. Cell viability was measured by the SRB assay.
742  Statistical analysis was performed using one-way ANOVA, n=3, * P<0.05, **
743 P<0.01, *** P<0.001. Protein expression levels were analyzed by WB.

744  (R-T) ITGB4 promotes TNBC drug resistance through IQGAP1. HCC1937
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745 cells with stable ITGB4 overexpression were transfected with IQGAP1 or
746  control siRNA, followed by treatment with EPI (0-800 nM) and BMN (0-40 uM)
747  for 48 or 72 h, respectively. Cell viability was measured by the SRB assay.
748  Statistical analysis was performed using one-way ANOVA, n=3, * P<0.05, **
749  P<0.01, *** P<0.001. Protein expression levels were analyzed by WB.

750 (U-W) ITGB4 promotes TNBC drug resistance through RAC1. HCC1937 cells
751  with stable ITGB4 overexpression were transfected with RAC1 or control
752  siRNA, followed by treatment with EPI (0-800 nM) and BMN (0-30 uM) for 48
753 or 72 h, respectively. Cell viability was measured by the SRB assay. Statistical
754  analysis was performed using one-way ANOVA, n=3, * P<0.05, ** P<0.01, ***
755  P<0.001. Protein expression levels were analyzed by WB.

756  (X) ITGB4 promotes DNA damage repair through TNFAIP2. HCC1937 cells
757  with stable ITGB4 overexpression were transfected with TNFAIP2 or control
758  SIRNA, followed by treatment with EPI (800 nM) and BMN (10 pM) for 24h.
759  Protein expression levels were analyzed by WB.

760 (YY) ITGB4 promotes DNA damage repair through IQGAP1. HCC1937 cells
761  with stable ITGB4 overexpression were transfected with IQGAPL or control
762 SIRNA, followed by treatment with EPI (800 nM) and BMN (10 uM) for 24 h.
763  Protein expression levels were analyzed by WB.

764  (Z) ITGB4 promotes DNA damage repair through RAC1. HCC1937 cells with
765 stable ITGB4 overexpression were transfected with RAC1 or control siRNA,
766  followed by treatment with EPI (800 nM) and BMN (10 uM) for 24 h. Protein
767  expression levels were analyzed by WB.

768  Figure 7-figure supplement 2-source data 1

769  Uncropped western blot images for Figure 7-figure supplement 2

770
771  Materials and Methods

772 Cell lines and reagents
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773 All cell lines used in this study, including HCC1806, HCC1937, and HEK293T
774  cells, were purchased from ATCC (American Type Culture Collection,
775 Manassas, VA, USA) and validated by STR (short tandem repeat) analysis
776  (supplementary file 1) and these cell lines tested negative for mycoplasma
777  contamination (supplementary file 2). HCC1806 and HCC1937 cells were
778  cultured in RPMI 1640 medium supplemented with 5% FBS. HEK293T cells
779  were cultured in DMEM (Thermo Fisher, Grand Island, USA) with 5% FBS at
780  37°Cwith 5% CO,.Epirubicin(EPI) (Cat#HY-13624A),
781  cisplatin(DDP)(Cat#HY-17394), talazoparib(BMN) (Cat#HY-16106),and
782  olaparib(AZD) (Cat#HY-10162) were purchased from MCE (New Jersey,
783  USA).

784

785 Plasmid construction and stable TNFAIP2 and ITGB4 overexpression

786  We constructed the full-length TNFAIP2/ITGB4 gene and then subcloned them
787 into the pCDH lentiviral vector. The packaging plasmids (including
788  pMDLg/pRRE, pRSV-Rev, and pCMV-VSV-G) and pCDH-TNFAIP2/ITGB4
789  expressionplasmid were cotransfected into HEK293T cells (2 x10° in 10 cm
790 plate) to produce lentivirus. Following transfection for 48 h, the lentivirus was
791  collected and used to infect HCC1806 and HCC1937 cells. Forty-eight hours
792 later, puromycin (2 pg/ml) was used to screen the cell populations.

793

794  Stable knockdown of TNFAIP2 and ITGB4
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795  The pSIH1-H1-puro shRNA vector was used to express TNFAIP2, ITGB4 and
796 luciferase(LUC)shRNAs.TNFAIP2shRNA#1,5-GACUUGGGCUCACAGAUAA-
797  3;TNFAIP2shRNA#2,5-GAUUGAGGUGGCCACUUAU-3’;ITGB4shRNA#1,5'-
798  ACGACAGCTTCCTTATGTA-3;ITGB4shRNA#2,5-CAGCGACTACACTATTG
799  GA-3’;LuciferaseshRNA,5-CUUACGCUGAGUACUUCGA-3’; HCC1806 and
800 HCC1937 cells were infected with lentivirus. Stable populations were selected
801 using 1 to 2 mg/mL puromycin. The knockdown effect was evaluated by
802  Western blotting.

803

804 RNA interference

805 The sSiRNA target sequences used in this study are as
806  follows:TNFAIP2siRNA#1,5-GACUUGGGCUCACAGAUAA-3’; TNFAIP2siRN
807 A#2,5-GAUUGAGGUGGCCACUUAU-3;ITGB4siRNA#1,5-ACGACAGCTTC
808 CTTATGTA-3’;ITGB4siRNA#2,5-CAGCGACTACACTATTGGA-3;RAC1siRNA
809 ,5-CGGCACCACUGUCCCAACA-3;IQGAP1siRNA#1,5-GCAGGTGGATTAC
810 TATAAA-3;IQGAP1siRNA#2,5-CUAGUGAAACUGCAACAGA-3'. All siRNAs
811 were synthesized by RiboBio (RiboBio, China) and transfected at a final
812  concentration of 50 nM.

813

814 Antibodies and Western blotting (WB)

815 The WB procedure has been described in our previous study™®. Anti-TNFAIP2
816  (sc-28318), anti-ITGB4 (sc-9090) and anti-GAPDH (sc-25778) antibodies were
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817 purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA). The
818 anti-PARP (#9542) antibody was purchased from CST. Anti-RAC1 (05-389)
819  and anti-yH2AX (3475627)antibodies were purchased from Millipore (Billerica,
820 MA,USA). Anti-B-actin (A5441) and anti-Tubulin (T5168) antibodies were
821 purchased from SigmallAldrich (St Louis, MO, USA). The anti-IQGAP1
822 (ab86064) antibody was purchased from Abcam.

823

824 Immunoprecipitation and silver staining

825 Immunoprecipitation and silver staining lysates from HCC1806 cells stably
826  expressing Flag-TNFAIP2 were prepared by incubating the cells in lysis buffer
827  containing a protease inhibitor cocktail (MCE). Cell lysates were obtained from
828  approximately 2.5x10° cells, and after binding with anti-Flag M2 affinity gel
829 (Sigma) for 2 h as recommended by the manufacturer, the affinity gel was
830 washed with cold lysis plus 0.2% NP-40. FLAG peptide (Sigma) was applied to
831 elute the Flag-labeled protein complex as described by the vendor. The elutes
832 were collected and visualized on NUPAGE 4%-12% Bis-Trisgels (Invitrogen,
833 CA, USA) followed by silver staining with a silver staining kit (Pierce, lllinois,
834 USA). The distinct protein bands were retrieved and analyzed by LCMass
835 (supplementary table 1).

836

837 Immunoprecipitation and GST pull-down

838 For exogenous interaction between ITGB4 and Flag-TNFAIP2, cell lysates
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839  were directly incubated with anti-Flag M2 affinity gel (A2220; Sigm) overnight
840 at 4°C. For endogenous protein interaction, cell lysates were first incubated
841 with anti-TNFAIP2/ITGB4/IQGAP1 antibodies or mouse IgG/rabbit 1gG
842  (sc-2028;Santa Cruz Biotechnology, CA, USA) and then incubated with Protein
843  A/G plusagarose beads (sc-2003; Santa Cruz Biotechnology For the GST pull
844 down assay, cell lysates were directly incubated with GlutathioneSepharose
845 4B (52-2303-00; GE Healthcare) overnight at 4°C. The precipitates were
846  washed four times with 1 ml of lysis buffer, boiled for 10 minutes with 1xSDS
847  sample buffer, and subjected to WB analysis.

848

849  Cell viability assays

850  Cell viability was measured by SRB assays as described in our previous

851 study®”

. Cell viability was measured by SRB assays. Briefly, cells were
852 seeded in 96-well plates. Then, the cells were cultured for the indicated time
853 and fixed with 10% trichloroacetic acid at room temperature for30 min,
854  followed by incubation with 0.4% SRB (w/v) solution in 1% acetic acid for 20
855  min at room temperature. Finally, SRB was dissolved in 10 mM unbuffered Tris
856 base, and the absorbance was measured at a wavelength of 530 nm on a
857  plate reader (Bio Tek, Vermont, USA).

858

859 RACI activation assays

860 RACI1 activation was examined using the Cdc42 Activation Assay Biochem Kit
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861 (BKO34, Cytoskeleton, Denver, USA) following them anufacturer’s instructions.
862 Cells were harvested with cell lysis buffer, andl mg of protein lysate in a 1 ml
863 total volume at 4°C was immediately precipitated with 10 ug of PAK-PBD
864 beads for 60 min with rotation. After washing three times with wash buffer,
865 agarose beads were resuspended in 30 pl of 2xSDS sample buffer and boiled
ge6  for 5 min. RAC1-GTP was examined by WB with an anti-RAC1 antibody.

867

868  Xenograft experiments

869 We purchased 6- to 7-week-old female BALB/cnude mice from SLACCAS
870 (Changsha, China). HCC1806-shLuc, HCC1806-shTNFAIP2, or
871  HCC1806-shITGB4 cells (1 x 10° in Matrigel (BD Biosciences, NY, USA)) were
872  implanted into the mammary fat pads of the mice. When the tumor volume
873  reached approximately 50 mm?, the nude mice were randomly assigned to the
874 control and treatment groups (n = 4/group). EPI, BMN, and DDP were
875 dissolved in ddH,O. The control group was given vehicle alone, and the
876  treatment group received EPI (2.5 mg/kg), BMN (1 mg/kg), and DDP (2.5
877 mg/kg) alone via intraperitoneal injection every three days for 18 or 27 days.
878  The tumor volume was calculated as follows: tumor volume was calculated by
879  the formula: (nxlength x width?)/6.

880

881 Immunohistochemical staining

882  Paraffin-embedded clinical TNBC specimens were obtained from the First
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883  Affiliated Hospital, Zhengzhou University, Zhengzhou, China. Informed
884  consent was obtained from all subjects. Two tissue microarrays containing 135
885 TNBC breast cancer tissues were constructed. For the immunohistochemistry
886 (IHC) assay, the slides were deparaffinized, rehydrated, and pressure cooker
887 heated for 2.5 min in EDTA for antigen retrieval. Endogenous peroxidase
888 activity was inactivated by adding an endogenous peroxidase blocker
889  (OriGene, China) for 15 min at room temperature. Slides were incubated
890 overnight at 4°C with anti-TNFAIP2 (1:200) or anti-ITGB4 (1:500). After 12 h,
891 the slides were washed three times with PBS and incubated with secondary
892 antibodies (hypersensitive enzyme-labeled goat anti-mouse/rabbit 1gG
893  polymer (OriGene, China) at room temperature for 20 min, DAB concentrate
894  chromogenic solution (1:200dilution of concentrated DAB chromogenic
895  solution), counterstained with 0.5% hematoxylin, dehydrated with graded
896  concentrations of ethanol for 3 min each (70%—-80%—-90%-100%),and finally
897  stained with dimethyl benzene immunostainedslides were evaluated by light
898  microscopy. The IHC signal was scored using the ‘Allred Score’ method.

899

900  Statistical analysis

901 All graphs were created using GraphPad Prism software version 8.0.
902 Comparisons between two independent groups were assessed by two-tailed
903  Student’s t-test. One-way analysis of variance with least significant differences
904 was used for multiple group comparisons. P-values of <0.05, 0.01 or 0.001
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905 were considered to indicate a statistically significant result, comparisons
906  significant at the 0.05 level are indicated by*, at the 0.01 level are indicated by
907 ** or atthe 0.001 level are indicated by ***.

908

909 Ethics

910 Animal feeding and experiments were approved by the animal ethics
911 committee of the affiliated Hospital of Guangdong Medical university
912 (GDY2102096, supplementary file 3). Clinical samples were approved by the
913 relevant institution (YS2021036, supplementary file 4).

914

915

916

917

918

919

920
921
922
923
924
925
926
927
928
929
930

931

932
40


https://doi.org/10.1101/2023.04.17.537130
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.04.17.537130; this version posted June 14, 2023. 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 4.0 International license.

933 References

934 1. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global cancer statistics 2018:
935 GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer
936 J Clin. 2018;68: 394-424.

937 2. Zhao S, Ma D, Xiao Y, et al. Molecular Subtyping of Triple-Negative Breast Cancers by
938 Immunohistochemistry: Molecular Basis and Clinical Relevance2020;25: e1481-1491.

939 3. Sotiriou C, Pusztai L. Gene-expression signatures in breast cancer. N Engl ] Med. 2009;360: 790-800.
940 4. Bai X, Ni J, Beretov J, Graham P, Li Y. Triple-negative breast cancer therapeutic resistance: Where is
941 the Achilles' heel? Cancer Lett. 2021;497: 100-111.

942 5. Jamdade VS, Sethi N, Mundhe NA, Kumar P, Lahkar M, Sinha N. Therapeutic targets of
943 triple-negative breast cancer: a review. BrJ Pharmacol. 2015;172: 4228-4237.

944 6. Hill DP, Harper A, Malcolm J, et al. Cisplatin-resistant triple-negative breast cancer subtypes:
945 multiple mechanisms of resistance. BMC Cancer. 2019;19: 1039.

946 7. Longley DB, Johnston PG. Molecular mechanisms of drug resistance. J Pathol. 2005;205: 275-292.
947 8. Rincdn R, Zazo S, Chamizo C, et al. c-Jun N-Terminal Kinase Inactivation by Mitogen-Activated
948 Protein Kinase Phosphatase 1 Determines Resistance to Taxanes and Anthracyclines in Breast Cancer.
949 Mol Cancer Ther. 2016;15: 2780-2790.

950 9. Jia L, Zhou Z, Liang H, et al. KLF5 promotes breast cancer proliferation, migration and invasion in
951 part by upregulating the transcription of TNFAIP2. Oncogene. 2016;35: 2040-2051.

952 10. Chen LC, Chen CC, Liang Y, Tsang NM, Chang YS, Hsueh C. A novel role for TNFAIP2: its correlation
953 with invasion and metastasis in nasopharyngeal carcinoma. Mod Pathol. 2011;24: 175-184.

954 11. Cheng Z, Wang HZ, Li X, et al. MicroRNA-184 inhibits cell proliferation and invasion, and specifically
955 targets TNFAIP2 in Glioma. J Exp Clin Cancer Res. 2015;34:27.

956 12. Niwa N, Tanaka N. TNFAIP2 expression induces epithelial-to-mesenchymal transition and confers
957 platinum resistance in urothelial cancer cells2019;99: 1702-1713.

958 13. Xie Y, Wang B. Downregulation of TNFAIP2 suppresses proliferation and metastasis in esophageal
959 squamous cell carcinoma through activation of the Wnt/B-catenin signaling pathway. Oncol Rep.
960 2017;37:2920-2928.

961 14. Jia L, Shi Y, Wen Y, Li W, Feng J, Chen C. The roles of TNFAIP2 in cancers and infectious
962 diseases2018;22:5188-5195.

963 15. Didsbury J, Weber RF, Bokoch GM, Evans T, Snyderman R. rac, a novel ras-related family of proteins
964 that are botulinum toxin substrates. J Biol Chem. 1989;264: 16378-16382.

965 16. Rul W, Zugasti O, Roux P, et al. Activation of ERK, controlled by Racl and Cdc42 via Akt, is required
966 for anoikis. Ann N Y Acad Sci. 2002;973: 145-148.

967 17. Liu W, Han J, Shi S, Dai Y, He J. TUFT1 promotes metastasis and chemoresistance in triple negative
968 breast cancer through the TUFT1/Rab5/Racl pathway. Cancer Cell Int. 2019;19: 242.

969 18. Yan Y, Greer PM, Cao PT, Kolb RH, Cowan KH. RAC1 GTPase plays an important role in y-irradiation
970 induced G2/M checkpoint activation. Breast Cancer Res. 2012;14: R60.

971 19. Wu M, Li L, Hamaker M, Small D, Duffield AS. FLT3-ITD cooperates with Racl to modulate the
972 sensitivity of leukemic cells to chemotherapeutic agents via regulation of DNA repair pathways.
973 Haematologica. 2019;104: 2418-2428.

974 20. Hu H, Juvekar A, Lyssiotis CA, et al. Phosphoinositide 3-Kinase Regulates Glycolysis through
975 Mobilization of Aldolase from the Actin Cytoskeleton. Cell. 2016;164: 433-446.

976 21. Li Q, Qin T, Bi Z, et al. Racl activates non-oxidative pentose phosphate pathway to induce

41


https://doi.org/10.1101/2023.04.17.537130
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.04.17.537130; this version posted June 14, 2023. 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 4.0 International license.

977 chemoresistance of breast cancer2020;11: 1456.
978 22. Hervieu A, Heuss SF. A PI3K- and GTPase-independent Racl-mTOR mechanism mediates
979 MET-driven anchorage-independent cell growth but not migration2020;13.
980 23. Li Y, Li P, Wang N. Effect of let-7c on the PI3K/Akt/FoxO sighaling pathway in hepatocellular
981 carcinoma. Oncol Lett. 2021;21: 96.
982 24. Feng YX, Zhao JS, Li JJ, et al. Liver cancer: EphrinA2 promotes tumorigenicity through
983 Rac1/Akt/NF-kappaB sighaling pathway. Hepatology. 2010;51: 535-544.
984 25. Higuchi M, Onishi K, Kikuchi C, Gotoh Y. Scaffolding function of PAK in the PDK1-Akt pathway. Nat
985 Cell Biol. 2008;10: 1356-1364.
986 26. Hu F Li N, Li Z et al. Electrical pulse stimulation induces GLUT4 translocation in a
987 Rac-Akt-dependent manner in C2C12 myotubes. FEBS Lett. 2018;592: 644-654.
988 27. Hamill KJ, Hopkinson SB, DeBiase P, Jones JC. BPAGle maintains keratinocyte polarity through
989 beta4 integrin-mediated modulation of Racl and cofilin activities. Mol Biol Cell. 2009;20: 2954-2962.
990 28. Wu J, Zhao R, Lin J, Liu B. Integrin B4 reduces DNA damagelinduced p53 activation in colorectal
991 cancer. Oncol Rep. 2018;40: 2183-2192.
992 29. Bierie B, Pierce SE, Kroeger C, et al. Integrin-B4 identifies cancer stem cell-enriched populations of
993 partially mesenchymal carcinoma cells. Proc Natl Acad Sci U S A. 2017;114: E2337-e2346.
994 30. Ruan S, Lin M, Zhu Y, et al. Integrin B4-Targeted Cancer Immunotherapies Inhibit Tumor Growth
995 and Decrease Metastasis. Cancer Res. 2020;80: 771-783.
996 31.Kang S, Jang Y, Chae YC, Kim BG.
997 32. Kim BG, Gao MQ, Choi YP, et al. Invasive breast cancer induces laminin-332 upregulation and
998 integrin B4 neoexpression in myofibroblasts to confer an anoikis-resistant phenotype during tissue
999 remodeling. Breast Cancer Res. 2012;14: R88.
1000 33. Cherfils J, Zeghouf M. Regulation of small GTPases by GEFs, GAPs, and GDIs. Physiol Rev. 2013;93:
1001 269-309.
1002 34. Schmidt VA. Watch the GAP: Emerging Roles for IQ Motif-Containing GTPase-Activating Proteins
1003 IQGAPs in Hepatocellular Carcinoma. Int J Hepatol. 2012;2012: 958673.
1004 35. Smith JM, Hedman AC, Sacks DB. IQGAPs choreograph cellular signaling from the membrane to the
1005 nucleus. Trends Cell Biol. 2015;25: 171-184.
1006 36. Gorisse L, Li Z, Wagner CD, et al. Ubiquitination of the scaffold protein IQGAP1 diminishes its
1007 interaction with and activation of the Rho GTPase CDC422020;295: 4822-4835.
1008 37. Woods D, Turchi Jl. Chemotherapy induced DNA damage response: convergence of drugs and
1009 pathways. Cancer Biol Ther. 2013;14: 379-389.
1010 38. Cheung-Ong K, Giaever G, Nislow C. DNA-damaging agents in cancer chemotherapy: serendipity
1011 and chemical biology. Chem Biol. 2013;20: 648-659.
1012 39. Kim C, Gao R, Sei E, et al. Chemoresistance Evolution in Triple-Negative Breast Cancer Delineated
1013 by Single-Cell Sequencing. Cell. 2018;173: 879-893.e813.
1014 40. Noordermeer SM, van Attikum H. PARP Inhibitor Resistance: A Tug-of-War in BRCA-Mutated Cells.
1015 Trends Cell Biol. 2019;29: 820-834.
1016 41. Geenen JlJ, Linn SC, Beijnen JH, Schellens JHM. PARP Inhibitors in the Treatment of Triple-Negative
1017 Breast Cancer. Clin Pharmacokinet. 2018;57: 427-437.
1018 42. Lee A, Djamgoz MBA. Triple negative breast cancer: Emerging therapeutic modalities and novel
1019 combination therapies. Cancer Treat Rev. 2018;62: 110-122.
1020 43, Campbell PS, Mavingire N, Khan S, et al. AhR ligand aminoflavone suppresses a6-integrin-Src-Akt

42


https://doi.org/10.1101/2023.04.17.537130
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.04.17.537130; this version posted June 14, 2023. 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 4.0 International license.

1021 signaling to attenuate tamoxifen resistance in breast cancer cells2018;234: 108-121.

1022 44. Ali HR, Dawson SJ, Blows FM, Provenzano E, Pharoah PD, Caldas C. Cancer stem cell markers in
1023 breast cancer: pathological, clinical and prognostic significance. Breast Cancer Res. 2011;13: R118.
1024 45, Friedland JC, Lakins JN, Kazanietz MG, Chernoff J, Boettiger D, Weaver VM. alpha6beta4 integrin
1025 activates Rac-dependent p2l-activated kinase 1 to drive NF-kappaB-dependent resistance to
1026 apoptosis in 3D mammary acini. J Cell Sci. 2007;120: 3700-3712.

1027 46. Wei T, Lambert PF. Role of IQGAP1 in Carcinogenesis2021;13.

1028 47. Huang L, Xu S, Hu D, Lu W, Xie X, Cheng X. IQGAP1 Is Involved in Enhanced Aggressive Behavior of
1029 Epithelial Ovarian Cancer Stem Cell-Like Cells During Differentiation. Int J Gynecol Cancer. 2015;25:
1030 559-565.

1031 48. Deb S, Felix DA, Koch P. Tnfaip2/exoc3-driven lipid metabolism is essential for stem cell
1032 differentiation and organ homeostasis2021;22: e49328.

1033 49. Barutta F, Bellini S. Protective effect of the tunneling nanotube-TNFAIP2/M-sec system on
1034 podocyte autophagy in diabetic nephropathy2022: 1-20.

1035 50. Zhou L, Niu Z, Wang Y, et al. Senescence as a dictator of patient outcomes and therapeutic
1036 efficacies in human gastric cancer2022;8: 13.

1037 51. Guo F, Yuan Y. Tumor Necrosis Factor Alpha-Induced Proteins in Malignant Tumors: Progress and
1038 Prospects2020;13: 3303-3318.

1039 52. Liu Y, Ji X, Kang N, et al. Tumor necrosis factor a inhibition overcomes immunosuppressive M2b
1040 macrophage-induced bevacizumab resistance in triple-negative breast cancer. Cell Death Dis. 2020;11:
1041 993.

1042 53. Chen C, Sun X, Ran Q, et al. Ubiquitin-proteasome degradation of KLF5 transcription factor in
1043 cancer and untransformed epithelial cells. Oncogene. 2005;24: 3319-3327.

1044 54. Chen C, Zhou Z, Ross JS, Zhou W, Dong JT. The amplified WWP1 gene is a potential molecular
1045 target in breast cancer. IntJ Cancer. 2007;121: 80-87.

1046

1047

1048

1049

1050

1051
1052

1053
1054

43


https://doi.org/10.1101/2023.04.17.537130
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.04.17.537130; this version posted June 14, 2023. 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 4.0 International license.

B. 3 G
g =
s = TNFAIP2 =15 « TNFAIP2
3 * Vector g * Vector
510 S0
B g
A 205 205
= 3
_HCC1806 HCC1937 T0.0 Sl
&7 0 50 1002004008001600 EPI(AM) &~ ( 50 1002004008001600 EPI(nM)
HCC1808 HCC1937
D. _ E. _
215 =
TNFAIPZ| _ w- S = TNFAIP2 e = TNFAIP2
GAPDH 3 - Vector 3 - Vector
. gm gm
3 3
205 205
= k]
200 20.0
012525 5 10 20 40 BMN(uM) 012525 5 10 20 40 BMN{uM)
HCC1806 HCC1937
G. H.

i

+shTNFAIP2 2#
= shTNFAIP2Z 1#
-+ shLuc

s
w

Relative cell viability(%)
[=1
Relative cell viability(%)
o

F 05 = 0.5
: S ST s N
" 0 501002004008001600 EPI(nM) " 0 501002004008001600 EPI{nM})
HCC1806 HCC1937
| o A
TNFAIP2 = =
El =15 ~shTNFAIP2 2# ELS + shTNFAIPZ 2#
GAPDH | S e | S ——, 37 = . :hTNFAIPZ 1# = = ShTNFAIP2 1#
HCC1806 HCC1937 2.0 peer il - - = shLuc
> 1 =13
8 8 N 5
305 205 ey -
= =
Fool, L e v ——
0 12525 5 10 20 40 BMN(uM) 012525 5 10 20 40BMN(uM)
HCC1808 HCC1937
B ok
P
K G & L «QW'«S ¢
& .
PSP oS oS &’6“ «“&‘:‘
RAGHEACS 3
BMN — — — = — — 4 4 BMN—:::::
pare I . PARP s s
o oo I = e
— 7| = | ———
= o = 17 2| yroax| =
QITNFAIPZ SR | == = 72 QITNFAIP2| s _[-_..

GAPDH| = e o e e e

GAPDH| v s o e e e e 37

PARP| 1 1 5 PARP
cl-PARP ol PARP EE———

5 r~

@ 3

g vrizax 17 8 oax| e

QTNFAR e g | = = 72 %TNFNF'?_ 72
[T o] [———— GAPDH | " e e o e o || e e | 37

Figure 1


https://doi.org/10.1101/2023.04.17.537130
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.04.17.537130; this version posted June 14, 2023. 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 4.0 International license.

C, = - -+ shTNFAIP2 24-Con
shLuc -Con ) - ShTMFAIFZ 15-Con
E ] -s shluc-Con
T i e
shTNFAIP2 1# -Con H
g 200
shTNFAIP2 2# -Con 'f;_' 100
shLuc -EPI R S
- - ShTNFAIP2 25-EP1
5
shTNFAIP2 1# -EPI - oA
- 2
shTNFAIP2 2# -EPI & 20
E 1004 M
2
shlLuc -Con 9—r N T oy ¥ y
LA R
Days

shTNFAIP2 1#-Con D

_ #00 -+ shTNFAIP2 24-Con
2 i) -= shTNFAIPZ 1%-Con
ShTNFAIP2 2¢ -Con £ - L Con
P s
shLuc -BMN b
E 200
2
ShTNFAIP2 1# -BMN T
shTNFAIP2 2# -BMN o ~+ SHTNFAIP2 24-BMN
T -= shTNFAIP2 148-BMN
%m‘ -+ shluc-BMN
&
‘e- 1004
E
2

0.8, HCC1806 Xenograft Tumor Weight
EPI 2.5malkg

(=]
£l

Tumeor Weight(g)
Tumor Weight(g)

Figure 2


https://doi.org/10.1101/2023.04.17.537130
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.04.17.537130; this version posted June 14, 2023. 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 4.0 International license.

A. Jv gV B. C.
o Qv\- Q"\' o
’ ‘*\é}‘\e ‘6\ §~1 5 g1 5
SIR_AC1 - - + % ~ TNFAIP2-siRAC1 E “ TNFAIP2-siRAC1
siCon + + — KDa 40 = TNFAIP2-siCon 3 = TNFAIP2-siCon
RAC1 21 % : + Vector-siCon 21.0 = Vector-siCon
TNFAIP2 72 205 go.s
GAPDH 37 Sool T g
HCC1806 0 200 400 800 1600 EPI(nM) €570 5 {0 20 40 BMN(M)
HCC1806 HCC1806
D. . q"i« Q"l« E. F.
& 3 =
& & ,\\k L5 . 1. ~+ TNFAIP2-siRAC1
siie T 2% z ~ TNFAIP2-SIRAC1 £ = TNFAIP2-siCon
<ot KDa B * TNFAIP2-siCon 8 “ Vector-siCon
siCon — 1.0 “ Vector-siCon =10
RAC j— 21 Bos B .
- — = ol
TNFAIP2 —_ J 72 H ey £
= — =
GAPDH ool 200 —
@ 0 200 400 800 1600 EPI(nM 5 1o 20 40 BMN(uM)
HCC1937 HCC1937 el HCC1937
G. H. q{
LoD Qv- & Q ? ?‘
v., d~ ?. PSR ‘2}(’\ \3 ‘Zc} = 4@ \;
,,5} F& F& & & < < A
-y ‘\‘\ -\e' =\ ‘\‘\ K\ &‘\ BMN — — - — + + + +
EPE G & e om O oo SiRACT — = + + — = + +
SiRAC1T — - + + — — + + siCon + + — — + + — - KDa
siCon + +# — = + + - = KDa PARP 116

PARP_HG cl—PARPﬁ 89
cl-PARP 89 VH2AX o o e (7
VH2AX e~ Sp—— —— {7

TNFAIP2F - = =2
TNFAIP2| TS & = ;) = -

RACH | ——— 1 RAC1 -—21
GAPDH ™ v e s e s s | 37 GAPDH | s s s s s————— 37
| J.
Q
S ¥ P v~
Sebeede
BMN & 2 2 5 4 % +
SiRACT — — + + — — + +
siCon + + — — + + — — KDa

g 0000 by

ol-PARP 89
vrze | 17

TNFAIP2 }_i_!_-_ﬁ' 72

oc R

GAPDH | s s s s s s e 37
HCC1937 HCC1937
Figure 3



https://doi.org/10.1101/2023.04.17.537130
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.04.17.537130; this version posted June 14, 2023. 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 4.0 International license.


https://doi.org/10.1101/2023.04.17.537130
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.04.17.537130; this version posted June 14, 2023. 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 4.0 International license.

B. P ~£13 + sIQGAP1 2#
7 Z < SIQGAP1 1#
B10 = siCon
& & 3
| =
et TR kpa Sos
=
©°° 0 100 200 400 8001600 EPI(nM)
'09“91%13‘3 HCC1806
c - Ei1s ~ SiIQGAP1 2#
SilQGAP12¢ — — + — — + 4 + SIGGAP1 17
= - siCon
silQGAPT 12 — + — - - S40
siCon + — _. + = = pa E
1QGAP1 -—-—”---—»}159 §°-5
GAPDH | --—|'——-|3? -
L £ f e
o T, 0 100 200 400, 8001600 EPIh)
H. =
“SHIQGAP128 — — + = = + - -+ - - % Z15 )
siQGAP11# — + — — + =— o e = = § :giggigﬁ:
sicon + — — + — -— + - - + - - 210 ~-iCon
>
BMN(IOpM) — — — — — = - = = & + 4 3
EPIBOONM) — — — + + + - - - - - - Kpa 08
IQGAP | S e e - | -_.—---]189 200
~ E77 D 25 5 10 20 40 BMN(M
= \rHZA)t — — |,; HCC1806 (k)
cl-PARP | i .15 SIQGAPT 28
Tubulin £ T SIQGAPT T#
EI.O -+ 5iCon
|c|34p1 —— o —— — | - — e, —— J159 =
— 2 — 3
= T— -
o 5
PARP 116 20.0
TUBLIID | S — ————— |55
— r: | -
L
l. ?Q';’vg\ J K.
il
STEE Fis + INEAIP20GAP1 28 15 = TNFAIP2-SIlQGAP1 2#
& g&‘.}&v@ £ < TNFAIP2.siCon £ T INeApsaicon
&S s 810 = = Vector-siCon 210 = Vector-siCon
2 = e Z
TNFAIP2| s 75 8y go_s
IQGAP]  w——— = 159 % 2
P —— 200 X
GAPDH | 3 7 & %5750 200 400 800 1600 EPI(M) &0 25 5 10 20 40 BMN(uM)
HCC1806 HCC1806 HCC1806
S o ,\:&‘\r&
9‘879 Q&a‘g (;Fq e‘“cf:?g
& g p
@d‘\ 2 “{;@d\ 0 & 5§P (J{Jé\ a8
LG Q"'q"' % Tl
CAVAY SIS v‘ v‘ v\ &, v‘ v\
QLY &
L. SIS S
———————— - —— =+ 4+ 4+ +
BRI wimt' = iy g 0l ZIZ DD
TNFAP2 _ e SRS S S rz
§ IQGAP] o e o o - = T —— —a———— 159 silQGAP1 24
S| c-PARP 89 siCon
Tl yHeax .l 7 GTP-RAC1
GAPDH ==~ p— 4 L
Total-RAC1
TNFAIPZ RS R | s s 72
5| 10GAP1 mmm e e — — | - — —— 189 IQGAP1
| PaARP 1!6 TNFAIP2
Q| c-PARP 39 L
yH2AX EE—— 17 GAPDH

L 0 —— | E

Figure 4

HCC1806 HCC1937


https://doi.org/10.1101/2023.04.17.537130
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.04.17.537130; this version posted June 14, 2023. 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 4.0 International license.

A B. C
Input IP-Flag P "
e 7% —
gv gv &
S & o & cﬁ’?
3 &
F& FE Input & <& e Input & "

TNFAIPZ| S T TNFAIPZ -_ 7 ITGBa| = i121o

|TGB4—210 ITeBa| B = =— 210 TNF;\IPZ{Q — -—5?2

HCC1806 HCC1806 HCC1806
S E. §1.5 ~ SITGB4 2# F. %’-5 ~ siITGB4 2#
& ,\t:fl’"",\cfe"i = « SiTGB4 1# & - SilTGB4 1#
&S Fuoa g10 = siCon 10 - siCon
ITGE4 /R == == 210 E 3
- B Bas
BrACHN e s s 42 5 g z B = |
= __—=3 0.0 —= T 0.0
HCC1806 = 0 50 100 200 600 BOOEPI(nM) x 100 200 300400 600 800 EPI(nM)
G H HCC1806 | HCC1937
) & T E1s T £
S = + siTGB4 2¢ E -+ siTGB4 28
ép“ &4 £ = siTGB4 1% = = siTGB4 1#
& 2 pa g19 - siCon 810 = siCon
TGB4| g - w210 = 3 :
BoA il § 0.5 205
HCCTe37 ;.77 P oo
0 5 75 10 15 20 BMN(M) 0 5 10 20 30 40 BMN(M)
HCC1806 HCC1937
J.
. F R 499 @ shiuccon K. HCC1806 Xenograft Tumor Weight L. —
4 % 4000 8 shITGB4 1% -Con EP12.5mgikg BMN 1mgkg 500 = shITGB4 14-Con

fo® @) P8 shiTaBs 2% -Con
SeP 98 980 shLucEr
@€ P b o 8o e snTGBA#-EP
| ShITGB4 2 -EPI
shLuc -BMN

=4 shiTGB4 2#-Con

Tumor Weight(g)

W shiTGB4 1# -BMN
shiITGB4 2# -BMN

-= shLuc-EPI
-= shiTGB4 1#-EP1
=+ shiTGB4 24-EP1

-+ shlLuc-BMN
-# shiTGB4 15-BMN
= shiTGB4 24-BMN

HCC1806

B-Actin

8 g §

PARP
cl-PARP

yH2AX J
ITGB4
B-Actin

- — : 89

e e A | ]
| G = =g == =~ 210

—— e —— — 0 5 1 15 W 25
Figure 5

Tumor growth(mm®)

HCC1937



https://doi.org/10.1101/2023.04.17.537130
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.04.17.537130; this version posted June 14, 2023. 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 4.0 International license.

" B. & g &
s e v ] -
ToalRACTY | [ S— Total-RAC | emm—| | ——
o [ | .o e
GAPDH -_——— 7 GAPDH v s | o e
HCC1806  HCC1937 HCC1806 HCC1937
G S PP P D. ol
FELL SEESE
; S NN
S::Ei:igf: - Ll STNFAIP22# — — — 4
X i b o = = STNFAIP21# = = + -
KDa siCon + + — —  KDa
'TGBJ';L-_Q"’ TGB4| = e w210
TNFAIP2 )'——-— 72 TNFAIP? fe—— -
GAPDH 37 GAPDH:"—-_ 37
HCC1806 ~ HCC1937
E. s SIS F. )
O g gy
CLE WLLEE
SIQGAP12# - - - + slQGAP12# — — ~— +
slQGAP1 1# — — + - SiQGAP1 1# + -
siCon_+ + - — KDa siCon - KDa

GTP-RACT = i s == 21

TOMal-RACT a——— )

IQGAP1 e emm =~ - 189

GAPDH | e s ——— 7
HCC1806

:

IQGAP‘I -— |189

GAPDH s s amm o 37
HCC1937

Figure 6

21
210

37


https://doi.org/10.1101/2023.04.17.537130
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.04.17.537130; this version posted June 14, 2023. 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 4.0 International license.

%
-’»\Qrfé
A. & B. & C. 2 = ITGB4+sITNFAIP2 2¢
& F S Lis -~ ITGBA4+sITNFAIP2 2# £ - ITOBA ATNEAIRS 14
d‘ﬁé"’a Qbf‘;h’b £ > ﬁga»/s%nml?z 1# =" = [TGB4+siCon
e +siCon = i
_azéi\@ <\C’ <\GKDa 240 = * Veclor+siCon _"é”) 2 ._'_r_+ V_emmlcnn
ITGB4 [== 210 8 3
205 205
TNFAIP2 [S-——— - | 72 £ 2
PB-ACHN | ——— 12 o0l %0-‘\ 3
: - =70 1oﬁcéogugnn 400 EPI(nM) 2075 15 20 30 BMNEM)
1 HCC1806
E. = 3 F. 215 = TGB4-sIQGAP1 2%
g15 Silobhetacart 28 = ~ [TGB4-5IlQGAPT 1#
= = [TGB4-siCon 3 *ITGB4-siCon
210 -+ eelar-sicon 8 1.0 - \ector-siCon
El =
5 ]
gu.s _20-5
IQGAP1|[SemSm.—— = | 189 %00 Eu_o —————————
B-Actin w——— 42 ©™7 0 100 200 400 800 EPInM) 0 5 10 20 30 40 BMN{uM)
HOC1208 HCC1806 HCC1806
G H. I
& o
o5 F1.5 + [TGB4+siRACT = & i
LI £ e %5 = [feB At
a@ﬁ GQFG& E « Vector+siCon = - Vector:zcg:
= & & voa - E10
ITEES | — — 210 E =
RAC] [ = 75 _20' EU.E
BrACtn je——— 42 %0_" %00
HCC1806 770 100 200 300 400 EPI(nM) [
HCC1806 HCC1806

K& o & & 2 F&Te o &
Vo SOSSEESS SSSSIss

& &

SIS F SIS IS

BMN — — — == =i - ===+ + + +

EPIl — — — — 4 + 4 + = = = = - - KDa
TGB! = mmgmem == === 20
THFAIPZ —-—————-——|———--c——‘-—'—- 72

yH2AX
PARP
c-PARP
B-Actin |

Figure 7


https://doi.org/10.1101/2023.04.17.537130
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.04.17.537130; this version posted June 14, 2023. 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 4.0 International license.

TNFAIP2 ITGB4

E. F
TNFAIP2
R=0.528 P<0.01 Negative  Positive  Total
ITGB4  Negative 5l 16 67
Positive 26 42 68
Total 77 58 135

Figure 8


https://doi.org/10.1101/2023.04.17.537130
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.04.17.537130; this version posted June 14, 2023. 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 4.0 International license.

B C.
%‘-5 - THFAIF2 £1.5 - THFAIP2
= - Ve £ | -« Vector
1.0 Z1p,
A 2 '\\{ 2 " b

5 g 3 o= W
HCC 1806 HCClB:i? g08 N Bosi g

g — £ | =3
ﬁ‘;«‘{ﬁ‘g EM ¢ 5 oz 3" COPEM &0 § 5 10 20 4b DOSiM

Kba Hee1gte (L M)

THFAIPZ| w72

GAPDH| S w— 37 D. %1 - E. g
- = = TNFAIPZ £19) - TNFAIFZ
g - Vecior -E * Wecthr
ol B 5101 =%
5| FEE, LT
.. , R
2a.E .\"“\-i E[ 5 =y
200 b——————— H—_—
3 012525 5 10 20 40 AZDjpM) x D 12525 5 10 20 AZD(EM)
HCC 1806 HOC1837
G‘gl 5§ H. g'| 5
=7 « shTNFAIPZ 28 g + SNTMFAIPZ 2%
= | = shTNFAIPZ 1# 2 - shTNFAIP2 18
3 1. ﬁ‘ \\ =+ shiuc is.1 4] ‘\. : - -= shlLuc
= % I. %
B oo & ok w05 | g 205 L; \
i LS = H > -
'y - 1 3 -
P P A B —
ég*’ NS & f‘ 6 5 0 20 4000PwM)  ©° O B _ 10 23 40 DDPuM)
s $ KDa HCC1306 Hoe1aa?
THEAIP? | W o, | S e 77 I J
g £
GAPOH | 37 5 « SHTNFAIP? 2% s . SNTNFAFZ 28
HCC1006 HCC1937 % = shTHFAIPZ 1# E € - shTNFAPZ 1
-21.0 E-m "'Cf‘—'--t - shluc
1::-:.5 o = J
E E \ib';
- m |
0o @00
e 01, :;15 5 10 20 40 AZD(pM) 012525 5 10 20 40 AZD(UM)
CC1RIE HZC1037
* 3 * &
L "l-‘ ‘b\ 1’? 61\'3_}'& S’b“\g‘:ﬁ
: RS s 7
K VoL $E i SO N
: ¥ < F s 45 BESHP
‘\é‘d}ﬁc,\u&eﬁ SRS o TESIES FESIT
S s R DF = = = + 4 4 = = = = = = KDa

ATD — = DBF
plolg) + + == — — KDa PARP
AR o2 I
CPARP| o - A3
yH2AX —— e —— 7
TNFAPZ| = & | = - 73

C1806
5
E
5

.

THFAIPD - - = -T2
c;.n\:r:]-||-._...,_.  P—— __' GAPOH ™ 5 e o e o e 17

clPARP rlJ:’ﬂFGF'

HC.C 1808
H

(o3
5
g ww_m 2 S yrzox - _g-.
Y - - | = - S S | 7
=
G«°3H|h o i 37 GAPDH | s o s o s | T s e s s 37

Figure 1-figure supplament 1


https://doi.org/10.1101/2023.04.17.537130
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.04.17.537130; this version posted June 14, 2023. 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 4.0 International license.

-+ shTNFAIFZ 2#-Con

- shTNFAIPZ 1%Con
#+ - shluc-Con

shLuc -Con

shTNFAIP2 1# -Con

Tumor growth[mma3)
g 8888

ShTNFAIP2 2% -Con T % * ¢ 5 o

shLuc -DDP 500
- =+ shTNFAIFZ 23-DDP
T 400 -= shTNFAIPZ 12-DDP
ShTNFAIP2 1# -DDP E -+ shlucDDP
§ 300
ShTNFAIP2 2# -DDP 5 20
=3
5 100

n HCC1806 Xenograft Tumor Weight
DDP 2.5mg/kg

HCC1806 Xenograft Body Weight

25 DDP 2.5mg/kg
- e ® shLucCon
Sos gleet e = shTNFAIP2 1%Con
£ z ISV e ..:} & shTNFAIPZ 24-Con
5 =15 | H v shLuc-DDP
%“-‘ 2 — + ShTNFAIP? 1#-DDP
g zh = ® shTNFAIP2 240DDP
2o @ s
0.0 0 Oiﬁ
P
E. F
HCC1806 Xenograft Body Weight HCC1806 Xenograft Body Weight
2. EPI 2.5mg/kg 0 BMN 1malkg
l..i'.“—l ® shLuc-Con ns ns # shLuc-Con
— 20| we* o el ® ShTNFAIP2 1%-Con - ®  ShTNFAIP2 1%-Con
£ 1 e & ShTNFAIPZ 24-Con 2 o ml A T e eese 4 ShTNFAIPZ 24-Con
%ﬂ | v shLuc-EPI o ITl v shLuc-BMN
£ v + ShTNFAIP2 1#EPI 2 + ShTNFAIP? 14-BMN
zh ® ShTNFAIP2 24-EPI Z1w ® SHTNFAIP? 24-BMN
B 5 @
& o
o
L L
Figure 2-figure supplement 1
G. B
N
1% Q'L
&
N «T\g ,(g(
DO N
& & ) KDa
TNFAIPZ| @l s === |75
GAPDH| —— e |37

HCC1806

Figure 2-figure supplement 2


https://doi.org/10.1101/2023.04.17.537130
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.04.17.537130; this version posted June 14, 2023. 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 4.0 International license.

& gv
A é}O‘ A B. = G,
2SS 15 + TNFAIP2-siRACI E = TNFAIP2-SIRAG
sRACT - - + £ = TNFAIP2-siCon =" = TNFAIP2-siCon
siCon_* + — KDa Em “ = Vector-siCon %10 * Vector-s Con
RACT o A % 3| Sepdg
TNFAIPZ 2 @035 . ‘g\ g0s .
GAFDH a7 2 e &
20 0.0
HCG 1806 é 0 & 10 20 DDP(uM) €0 5 10 20 40 AZDMM)
HCC1E08 HCC 1806
E. s F. z .
=15 « TNFAIP2-SIRACT '8 ~TNEAPZ A
§1 . *: E;ﬁﬁlz cs;!n:on ‘E = Vector-siCon
Bos =T By ey
we- — al.
iou b ;%nc
e E 0 30 DDP(M) YTFTE 0 40 AZDGM)
HCC1937 HCC1937
G. H. Vg v &
g g
P S F P oS P
&£ Co o Fo b o8 de‘i:z? AN
S F (FE FS BZDC G = w y he
DDF + + + + = — = - SiRACT - = + + - = + +
siRACH - = + + = = ¥+ + siCort + * = = + #* = = KDa
PARF == = 5118
-PARP | - c-PARP Ba

s

[y ——— 17

TNFAIP? - S - -2 TNFAP! S w2 9B W 72
RAC1 PR —— 21 RAC1 fe— _ . - 121
eV ] [ —— — GAPDH a7
HCC 1806 HCC1B06
| qv & . qv J v g 2
- - Mo o : & v’? PR £
e# (‘?) 0\({'?‘ G\q\’ \s s Y \";‘pﬁ L
REPONTAMEAS Qmeﬁ’ Aﬁi\’g -LJ‘%;‘ Jﬁ;{‘ﬁ o
ODP & & o b = e o AZD _ S PR g
SRACT - = 4+ 4+ — = + + BRARY = == b e = o o o
siCnn_ + + = = + + = = KDa siCon + + — = + 4+ — = KDe
o [ i ——
cl-FARP - = ag cl-FARP
HIAKS | e e 7 iz |
INFAIPZ W e - -T2 TNFAIP2 |- - - e 72

RACA | — o — . S— . o 4 )]

L —
' HCC1937 '

HCC1937

Figure 3-figure supplement 1


https://doi.org/10.1101/2023.04.17.537130
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.04.17.537130; this version posted June 14, 2023. 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 4.0 International license.

- T T -~ T T
T EE g & 22
E %oy Fg oz
2 e = = e S -
g zz2 2 2z 2=
o~y o~ [3 o ol ol =y =
ol A O x o oonA
% L XL o= = 2 € < ¥
- w [ w & w [T [T <
T EEEE *EEEE
7 T F
A B SEEE R Z9R IR
E L L L 8 oL o @ I
(o I T - ] 0 (] "
__lnput _|P-Flag rodagduGAPT + F % + + + + + 4
= — =70
-
rag —— o — =53
- - =
S e — — -35
b4 &8 8 JET
(00851 e o [ S,
Input [
HEK20:T
C E
> TNEAP2.sIQGAPT 2# A R
ry = TNFAIF2-sl = = TNEAIRZ-si
#15 e S SILGART Eis - TNEAIEZ SINGAP 12
£ . ectorsizon z = TNFAIPZ-siCun
‘g‘lﬁ ﬁ_ = %1.13 s -m\a’ncb:lr-mCon
T™FaPz| = = =3 = - F =
IACAP” s e 15 59'5 \\k\“{q: Sos ———
= =
GAPDH ﬁ o a7 i:_ 0o \-%0 1
HCC 1867 €0 25 5 20 40 BMN(M)

3 100 200 400 8301600 EP(nM)
HCC193T7 [MeleXlerd
Figure 4-figure supplement 1


https://doi.org/10.1101/2023.04.17.537130
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.04.17.537130; this version posted June 14, 2023. 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 4.0 International license.

—is .
A & E. £ +eiTgaazy G F°3 - 5iTGB 2#
o £ = sITGBd 1# Z = ziTGB2 1#
.gf}.&c’ & Eq0 « 5lon a o -+ 5iCon
£ 5w PR N
= —T 3 \9\ I L
Ql]_ﬂ- 0.5 "‘»\1’“‘-:- .
3-Actin 42 z \ g "'?:
= .3
HCC1826 ¥ 0.0———— oo
Q-f_‘cé‘a‘:és o 5-’””“‘“’“ 5 75 10 15 20 30 AZDikM)
HCC1E08
D E F.
. _— , —15
o g® TosicEi: £ - sITBs 22
& TS z = 5ICon z = &ITGB4 1%
&8 & g10 'X:{-:-x Brof +sten
a = = 1
rroos [ 8810 2 — i 7 N
Jos 1 005 RN
B-Actin 23 © 2 \I-—;-__,___“'
HCC1837 " £ -
0.0 2 0.0 -
x bl 51320 40 DDP(pM; § 10 20 30 40 AZD(UM)
HCC1337 HCC1937
i n .gx i
G. e * T H.
o s\&k;@’g&? é\? GQ)‘ ‘j(fégﬁ éixﬁ Q
& % F ‘5' & L
[ - - = = = = - L + .
OCF = = = + + 4 = = = = [Da HESS1806 Xenogra® body Waight
P.ﬂ-FF’-—-—-_-“. - — 1€ ER1 2. 3mghg, BUN Imgkg » saluccen
m:'i"F""HFl_ s — -_— | = B 24y & sialucEPI
e
8| yraax —— D A . = L salucOMN
1] T n —_ &
Rl bl bk TN T ICUNE S E SN | % ¥ 'S:IITFE:::;n
| it | ———— — | —— —— - EFIR L o STGR4 1.5
_ = El - o ShITGE4 14-3MN
 [CIRARE . o __:':_"' =% a = EhITG31 24EP
@ yhzax S ———— === 1 + ShITGB4 24-3M4
§- ITGEd (R = = S = ~ | g e — - -—-1219 23 Days
| FeACn | ——————— ----—-|49

Figure 5-figure supplement 1


https://doi.org/10.1101/2023.04.17.537130
http://creativecommons.org/licenses/by/4.0/

available under aCC-BY 4.0 International license.

bioRxiv preprint doi: https://doi.org/10.1101/2023.04.17.537130; this version posted June 14, 2023. 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

L] 654 TNFAIPZ-full

[

1[N

o
[a]
x

=70

=40
=35

(£82-812)€-IN-S-ZdIVANL-LSD +
(L1Z-8P1)Z-IN-S-ZdIVANL-1SD +
(1164 1-IN-S-ZdIVINL-1SD +
(282-6)IN-S-ZdIVINL-1SD +
ZdIVANL-LSD + -

Jopap-983d +

(£82-812)€-IN-S-ZdIVINL-1SD +
(£12-8¥1)Z-IN-S-ZdIVANL-1SD +
(LPL-BL)1-IN-S-ZdIVINL-1SD +
(£82-68.L)IN-S-ZdIV4NL-LSD +
ZdIYINL-1S9 + _

oPIN-OE3d +

G

3
g
S
£

(¥S9-VEVIZN-ZdIVINL-BBIIE +
(vS9-8BZ)ZN-ZdIVINL-BEIHE +
(#59-6.) L N-ZdIVANL-DEIHE +
yibua) In;-ZdIv4NL-BEIdE +
J0P3A-HAD +

(¥SO-PERIZN-ZJIVANL-BEIAE + |
(p50-882)ZN-ZdIVANL-BEIAE + |

(¥59-61)IN-ZdIvANL-BeldE +
wbue| [Iny-ZdlIv4ANL-BeldE +
JOP3A-HAO + |

GST-ITGB4
Flag

U CTTT T 1. - | T

HEK293T GST Pull-Down

Input

P

|TGB4_ -5

HEK293T

Input

ITGB4-truncations

L.

Cytoplasmic

1313

1208 1320

Extracellular

i

[+]

W&e g9
VS
%, o
K\“\h—
",
3 =
Q
23
z
8
4

(099-1)10-¥89 LI-Be} ou +
(0LL-1)1LD-PEOLI-Be} ou +
(0bL-1)1LO-¥EDLI-Be} ou +
(6Z11-1)1O-¥8OLI-6e) ou +
(6S¥1-1)1O-¥8OLI-Be) ou +
(L¥S1-1)1O-¥8OLI-Be ou +
a0 L |-6ey ou +

99 L11-6ej ou |

(099-1)1.0-¥8D LI-Be) ou +
(0L~ opEDLI-Be) ou +
(OrL-LLOpEOLI-BE) oU +
(6ZL1- 1)L O¥aOLIHEe) ou +
(6S¥L-1)LO¥BOLI-BE) ou +
(1L¥SL-1)LO¥EOLI-BE oU +
8o 1/-Bejou +
¥a0LI-Beyou |

3Flag-TNFAIP2

HCC1806

$—4
lnl!all

P
Figure 5-figure supplement 2

HEK293T


https://doi.org/10.1101/2023.04.17.537130
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.04.17.537130; this version posted June 14, 2023. 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 4.0 International license.

1@
LY
A @’”é{&
: & EE B. g Cz ~ ITGB4+SITNFAIP2 24
S8 é} ) =15 = |TGB4+sITMFAIP2 2# =15 Lﬁggﬁ:gﬁﬁ‘“'” #
L S C . -
€€ <\ %1'0 i+ \Vector+siCon %"0 # w
ITGB4] = == m o ]
! —..—'Lz 20.5 Z . 20.5
TNFAIP2| S S S| 72 £ 3 = £
B-Actin S +2 575 gne 0 10 20 30 AZD(uM)
0 5 10 15 20 30 DDP(uM) o
HEGTo0E, HCC1806 s HCC1806
3
LS
g Q”:&
D AP s E. &7 F. =
: f & & ST ~ ITGB4+SITNFAIP2 28 ¥ Bis -~ ITGBA4+sITNFAIP2 2#
r;g’o é§"°o} & £ ~ ITGB4+s{TNFAIPZ 1# oAl « [TGB4+siTNFAIP2 18
& Q;-" o ,bt. = = [TGB4+siCon = - [TGB4+siCon
‘\é},p ) <\ E1.0 = \ector+siCon T - Vector+siCon
&% Skpa = : = 2 o
= s
ITGB4 o g9 o= omi 210 50.5 30.5
TNFAIP2 w72 2 2
D e — -]
B-Actin e e e | 42 T0.0 Tool—, .
HCC1937 €0 5 10 15 20 DDP(M) 2 5 20 30 AZD(M)
HCC1937 HCC1937
G. o H = : L =
°°«£»°°§? ’ %1'5 < TGBireicon © £ ~ ITGB4+SIRAC
" = + Vector+siCon & = ITGB4+siCon
& ébb ‘;1 0 ] * Vector+siCon
\‘F‘} (\ Wi s 210 & e
s 3 =
ITGB4|omm omm #8210 s ¥,
RAC s s | 72 % g 5
BAmn--—42 ED.C %00
HCC1806 25HCC1BU 10 DDP(uM) c?
J. S K = e [ !
& . #15 ITGB4+sIRACT . 315 = TARGERA
S £ S o 5 + NGBiacan
¢° - E = = Vector+siCon
© & & g0 210
& \ \ KDa = >
ITGB4| wem e =8 | 210 gu.s B
RAC | e — |72 & g
B.llc‘t|n|--—I42 F0.01— 5 15 % boPWM) ;Eg_c
) H 5 20 30 40 AZD(uM)
reeest HCC1937 HCC1937
N ] N
M. @‘m"‘ ~¢" N & g N, P g S e o
ST U g f#ﬂf’ﬁp SF SIS
T g
FEEEIEEGE g «‘%&ﬁ&é@ ﬁ &‘;@ @“e@‘“ @i&:\ 7. °<~°“°
2 g AZD - - + + *
Q&i@i&:\ﬁé}éﬁ Q{ 4@,‘:},\0 f;’hﬁqf} é&icg:\cﬁ. poP — = KDa
DDEP: ———————— SR R ITGB | w— --'.! — i — s | 210
- ===t + + + == == = = = = KDa —_————————————
ITGB4 !!----"'HF ———— e —— 210 2 RRC1:—-‘_—'——
=
§ THEAIP?| G = SR i e || — == — — = - = | 7} é yH2AX |
i e = === == 7 §| v —
§ o - 115 c-PARP | . -
- e .- B-Actin
£ - a2 (s e e . |
TGB4| == o = o o o || e o g o e o e 210 o
';‘;mmlpz e Ty pp— ] -] |
5 — 1 QO B e i il
O \rHZAX ——— S || e ————— 17 o = - = 1118
2| e M ——— w_———————c [0 -ﬁ-H s, &t
|-PARP) e | |
cB -Actin| |42 B—Aciln!--_-- |------ |42

Figure 7-figure supplement 1


https://doi.org/10.1101/2023.04.17.537130
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2023.04.17.537130; this version posted June 14, 2023. 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 4.0 International license.

PP
0. F & Pug = Q. =
‘gf\ A‘\ .f\‘\ 15 ITGB4+siTNFAIPZ 28 aEI.S * ITGB4+siTNFAIPZ 2#
U E; + ITGB4+SITNFAIPZ 1# =z ~ [TGB4+siTNFAIP2 1#
S F z = [TGB4+siCon E = [TGBd+siCon
K LWL (\C’Km 210 & Vector+siCon 210 =+ Vector+siCon
ITGB4[ = == e =21g 8 . 3
TNFAIP2 e e 77 g 05
ATt ———— 7 %UU -
il 20, 20,0
~ HCC1937 0 100 200 400 800 EPI(nM) = 10 20 30 BMN(uM)
HCC1937 *Hectoar
R. % S. 0
L
N L — - o
s g S g1s + TGB4-SIQGAP1 24 g1s T ITGBA-SIGGAP! 18
& PO § z & [TcBd slacaps 18 z = [TGB4-siCon
o7 W = -siCon : - )
é Q}" (?b"’ &10 - Vector-siCon B10 i - veclorelcon
RS : g = =
KDa 3 EU 5
TG4 W _m_zm L i
IQGAP] == == == — 159 EM %gg
N o A
B-Actin| SE——— | 42 < 0 100 200 400 800 EPI(nM) & 20 30 40 BMN(M)
HCC1937 HCC1937 HCCI93?
u. ?oa I 9?0 V. W.
- F15 + [TGB4+siRACT 215 ~+ [TGB4+sIRACT
e“"d\ S & 5 o eadrekon g = [TGB4+sICon
N & & s B0 - bl EH = Vector+siCon
a4 S5 R 210 : i
| 3 3
| et £ Sos ?o.s
B-ABIIHE- 42 _% 2
HCC1937 200 — r 0.0
U 100 200 400 800 EPI(nM) -2 T 10 20 30 BMN@uM)
HCC1937 HCC1937
% &
@0&@% e@;@’& g@{l«rﬁ R {{fﬁ R »& R -&
e « & <. F® &%;9
S e oS
SIS g Y e
& o &
- R AR ¢ <§c—:<\ca SIS &90 @f&«cﬁif@h <\ <\ (\ (;9};*
EPf = == =4 4+ 4+ + ::—:::::K[)a BN oot e et - - "'*"'
T N B s KOs
IToes| & » | [ - . 210 ITGES = emememm oo e | e e e e (210
TNFAIP2| s —mm | == == 2 gGpR| e —— e —— | ———————— 183
VHZAXL _n-———._m“]? yH2AX R —— ———— —

PﬁRP(“E'-m -
CHPARP|. m= s e s = e =

B-Actin| e
HC
&
5 e@"}
’ 4"&6(?:« \\5}-\0
BMN — — —
EPl = = = 4+ + ¢

GBS e g g == o

B-Actin

cl-PARP |

_———————— 116

T e - ———— 00

c’i’é&a’r’i

&
f@ﬁff 7

—p-_q_;-- J210

RACT e e o o | o - e 121

B-Actin

HCC1g37

Figure 7-figure supplement 2

42

Heciedr


https://doi.org/10.1101/2023.04.17.537130
http://creativecommons.org/licenses/by/4.0/

