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Background: IQ motif-containing GTPase activating protein 3 (IQGAP3), the latest identified member of the IQGAP family, may act as a crucial factor in cancer development and progression; however, its clinical value in breast cancer remains unestablished. We explored the correlation between IQGAP3 expression profile and the clinicopathological features in breast cancer.
Methods: IQGAP3 mRNA and protein levels were detected in breast cancer cell lines and tumor tissues by real-time PCR and western blotting and compared to the normal control groups. Protein expression of IQGAP3 was also evaluated immunohistochemically in archived paraffin-embedded specimens from 257 breast cancer patients, and the associations between IQGAP3 expression level, clinical characteristics, and prognosis were analyzed. We assessed the relationship between IQGAP3 expression and sensitivity to radiation therapy which was determined by subgroup analysis.
Results: IQGAP3 was significantly upregulated in breast cancer cell lines and human tumor tissues at both the mRNA and protein level compared to controls. Additionally, high levels of IQGAP3 expression were detected in 110/257 (42.8%) of archived paraffin-embedded breast cancer specimens. High IQGAP3 expression level was significantly related to clinical stage (p = 0.001), T category (p = 0.002), N category (p = 0.001), locoregional recurrence (p = 0.002), distant metastasis (p = 0.001), and vital status (p = 0.001). Univariate and multivariate statistical analysis showed that IQGAP3 expression was an independent prognostic factor among all 257 breast cancer patients in our cohort (p = 0.003, p = 0.001). Subgroup analysis revealed IQGAP3 expression correlated with radioresistance and was also an independent predictor of radiotherapy outcome.
Conclusion: Our findings suggest that high IQGAP3 expression predicts poor prognosis and radioresistance in breast cancer. Therefore, IQGAP3 may be a reliable prognostic biomarker in breast cancer and could be used to identify patients who may benefit from radiotherapy.
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INTRODUCTION
Breast cancer is the most frequent malignancy in women and the second leading cause of cancer-related deaths worldwide (Siegel et al., 2015). Radiotherapy (RT) is an indispensable part of the systemic therapeutic regimen for breast cancer, yet locoregional recurrence and distant metastasis remain key problems, resulting in poor survival (Gerber et al., 2010). Locoregional recurrence results from the presence or evolution of radioresistant tumor cells for which standard fractionated RT doses are sublethal (Speers et al., 2015). Currently, there is a dearth of clinically available predictive biomarkers to indicate the optimal radiation dosing in breast cancer, which leads to suboptimal treatment of these patients (Coates et al., 2015). Therefore, biomarkers associated with disease prognosis and RT sensitivity are required to optimize RT treatment plans and improve outcomes among breast cancer patients.
IQ motif-containing GTPase activating protein 3 (IQGAP3), the latest identified member of the IQGAP family, is an evolutionarily conserved GTPase-activating protein (Wang et al., 2007) and a hotspot for gene amplification in tumors. IQGAPs comprise five conserved domains: an IQ domain with four IQ motifs (IQ), a poly-proline protein-protein domain (WW), a calponin homology domain (CHD), a RasGAP-related domain (GRD), and a carboxy-terminal domain (RasGAPC) (Briggs and Sacks, 2003). Multiple proteins interact with these domains to regulate diverse cellular processes, including cell migration, cytokinesis, vesicle trafficking, cell proliferation, intracellular signaling, and cytoskeletal dynamics (Nojima et al., 2008).
Overexpression of IQGAP3 has been observed in lung, liver, pancreatic, and gastric cancer (Yang et al., 2014; Xu et al., 2016; Oue et al., 2017; Shi et al., 2017). Recently, IQGAP3 expression was found to be related to clinical stage and was an independent prognostic classifier of gastric cancer patients. Additionally, IQGAP3 knockdown was shown to reduce the number and size of the spheres formed by a gastric cancer cell line (MKN-74) and inhibited the phosphorylation of Akt and Erk1/2 (11). In hepatocellular carcinoma, IQGAP3 was reported to function as an important regulator of epithelial-mesenchymal transition (EMT) and metastasis by activating the transforming growth factor (TGF)-β signaling pathway (Shi et al., 2017). Regarding breast cancer, IQGAP3 knockdown inhibited cell proliferation and invasion in two breast carcinoma cell-lines (Hu et al., 2016). These reports provide some clues about IQGAP3 expression changes in several cancer types and the role of IQGAP3 in tumor development. However, the correlation between IQGAP3 expression and prognosis or RT sensitivity in breast cancer remained unclear.
Therefore, we investigated the expression pattern of IQGAP3 in breast cancer cell lines compared to control cell lines, as well as in patient tissues and matched adjacent normal tissues. We also analyzed the association of IQGAP3 protein expression with the survival outcomes and RT sensitivity in breast cancer patient cases.
MATERIALS AND METHODS
Microarray Data
We performed integrative analyses on the Cancer Genome Atlas (TCGA) data for Breast Invasive Carcinoma-BRCA (Ye et al., 2016). mRNA expression data [mRNA fragments per kilobase transcript per million mapped reads (FPKM)] and matched clinical metadata (n = 1,208, 113 normal breast samples and 1,095 breast cancer samples) were acquired from the TCGA data portal https://portal.gdc.cancer.gov/projects/TCGA-BRCA. The FPKM data were first transformed into transcripts per million data for better comparison and edgeR package was used to normalize gene expression, and then the IQGAP3 expression value was extracted (Lv et al., 2019). Breast cancer patients who received RT were then divided into a radioresistant group (n = 115, who showed disease progression via locoregional recurrence) and a radiosensitive group (n = 600, without disease progression) according to their response to RT treatment.
Cell Lines
Breast cancer cell lines, including MCF-10A, ZR-75-1, SK-BR-3, MDA-MB-468, MDA-MB-453, MCF-7, BT-474, MDA-MB-231, BT-549, HCC1937, SUM159PT, Hs-578T, and ZR-75-30, were cultured in DMEM medium (Gibco, Grand Island, NY) supplemented with 10% fetal bovine serum (FBS; HyClone, Logan, UT).
Patients and Tissue Specimens
A total of 257 paraffin-embedded breast cancer tissue samples with histologically confirmed invasive carcinoma of no-specific-type breast cancer were collected from 2006 to 2008 at Sun Yat-sen University Cancer Center (SYSUCC), Guangzhou, China. In addition, six paired breast cancer and adjacent normal tissues were collected from patients who had undergone surgery from 2017 to 2018 at our center. All samples were frozen and stored in liquid nitrogen until further use. All patients received surgery and 201 (78.2%) received RT after surgery. The recommended indications for postoperative RT were involvement of ≥4 axillary nodes, primary tumor ≥5 cm in size, post-breast-conserving surgery, positive surgical margins, the involvement of internal mammary node (in selected cases, n = 3), and the involvement of one to three axillary nodes (in selected cases, n = 15). Clinicopathological classification and staging were determined according to the criteria of the American Joint Committee on Cancer (AJCC 2010; seventh edition). This study was approved by the Clinical Research Ethics Committee of SYSUCC, and written informed consent was obtained from each patient.
PCR
We used quantitative real-time PCR (qRT-PCR) to evaluate mRNA expression of IQGAP3 in 12 breast cancer cell lines and a control cell line (MCF-10A), as well as in six tumor tissues and adjacent normal control tissues obtained from breast cancer patients. Total RNA samples from cell lines and freshly frozen tissues were isolated using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) following the manufacturer’s recommendations. qRT-PCR was performed according to previously described standard methods, using GADPH as a control (Liu et al., 2017). All primers were designed using Primer Express version 2.0 software (Applied Biosystems, Foster City, CA, USA) as follows: IQGAP3 forward: 5′-ATG​AGC​AGA​GGC​GGC​AGA​AT-3′, reverse: 5′-GAA​CCA​CGG​AGG​GTG​CAA​AA-3′, GAPDH forward: 5′-GTC​TCC​TCT​GAC​TTC​AAC​AGC​G-3′, and reverse: 5′-ACC​ACC​CTG​TTG​CTG​TAG​CCA​A-3′. IQGAP3 expression levels were normalized to the geometric mean of GAPDH and calculated using 2−[(Ct of IQGAP3)−(Ct of GAPDH)], where Ct represents the threshold cycle for each transcript. Each experiment was performed in triplicate.
Western Blot
Western blot analysis was used to evaluate IQGAP3 protein expression in all 12 breast cancer cell lines and the control cell line (MCF-10A), as well as in six tumor tissue samples and adjacent normal tissues from breast cancer patients. Western blotting was carried out as described previously (Li et al., 2008) using the anti-IQGAP3 antibody (Abcam, Cambridge, MA). The membranes were stripped and reprobed with an anti-α-tubulin antibody (Sigma, Saint Louis, MI) as a loading control.
Immunohistochemistry
Immunohistochemistry (IHC) and quantification of IQGAP3 expression were performed by two independent pathologists, as previously described (Song et al., 2012) using an anti-IQGAP3 antibody (1:1,000; Sigma, Saint Louis, MI). The percentage of cancer cells was scored as 1 (<10%), 2 (10–50%), 3 (50–75%), or 4 (>75%), and the staining intensity was sorted into four grades: 0 (no staining), 1 (weak staining, light yellow), 2 (moderate staining, yellow brown), and 3 (intense staining, brown). The scores for the staining intensity and proportion in each section were multiplied. The best cutoff value for IQGAP3 was defined by receiver operating curve (ROC) analysis with respect to overall survival: a staining score≥6 was classified as high expression and a score≤4 as low IQGAP3 expression.
Gene Set Enrichment Analysis
Gene set enrichment analysis (GSEA, http://software.broadinstitute.org/gsea/index.jsp) was used to predict potential hallmarks using transcriptional sequences in the TCGA database. GSEA was performed on the gene list and ranked according to a moderated t-statistics (Ritchie et al., 2015), comparing patients with high and low IQGAP3 expression. A permutation test (of 1,000 times) was used to identify the significantly changed pathways (Subramanian et al., 2005).
Statistical Analysis
All statistical analyses were conducted using SPSS (version 20.0; IBM Corporation, Armonk, NY, USA), and the survival curves were drawn using the GraphPad Prism 6.0 Software. The Pearson’s χ2 tests or Fisher exact tests were used to analyze the associations between IQGAP3 expression and clinicopathological features. The Kaplan-Meier method and log-rank test were used to calculate and compare the curve survival curves. Multivariate analysis was performed via a Cox’s proportional hazards model. A two-sided p-value of <0.05 was considered statistically significant.
RESULTS
IQGAP3 Expression Is Elevated in Breast Cancer Cell Lines
We found IQGAP3 mRNA levels were increased in tumor samples compared with normal tissues by analyzing the publicly available microarray TCGA data for breast cancer (Figure 1A). Additionally, we found IQGAP3 expression was elevated at both the mRNA and protein level in all 12 breast cancer cell lines compared with the MCF-10A control cell line (Figure 2A). Higher IQGAP3 expression was also detected at the mRNA and protein level in breast cancer tissues compared to adjacent normal tissues from six different patients (Figure 2B). Together, these results indicated IQGAP3 is overexpressed in breast cancer cell lines and tissues.
[image: Figure 1]FIGURE 1 | Microarray data reveals IQGAP3 is upregulated in breast cancer patients and in cases that are resistant to radiotherapy (RT). (A) Expression of IQGAP3 in TCGA (breast invasive carcinoma) tumor and normal tissue data (Mann–Whitney test; p < 0.01). (B) Expression of IQGAP3 in TCGA (breast invasive carcinoma) including RT-resistant and RT-sensitive cases (Mann–Whitney test; p < 0.05).
[image: Figure 2]FIGURE 2 | IQGAP3 is upregulated in breast cancer cell lines and tissues. (A) Quantitative real-time PCR analysis of IQGAP3 mRNA expression in MCF-10A immortalized breast epithelial cells and twelve cultured breast cancer cell lines. GAPDH was used as a loading control. *p < 0.05. (B) Real-time PCR analysis of IQGAP3 mRNA expression in six paired breast cancer tumor tissues and adjacent normal tissues (ANT). GAPDH was used as a loading control. *p < 0.05. (C) Western blotting analysis of IQGAP3 protein expression in MCF-10A immortalized breast epithelial cells and twelve cultured breast cancer cell lines. α-tubulin was used as a loading control. (D) Western blotting analysis of IQGAP3 protein expression in six paired breast cancer tumor tissues and adjacent normal tissues (ANT). α-tubulin was used as a loading control.
IQGAP3 Overexpression Correlates With the Clinicopathological Features of Breast Cancer
Next, we investigated whether IQGAP3 overexpression levels in 257 cases of breast cancer specimens (detected via IHC) were associated with patients’ clinicopathological features. Among the 257 breast cancer cases, 21 were in stage Ⅰ (8.2%), 32 were in stage Ⅱ (12.5%), and 204 were in stage Ⅲ (79.4%). A total of 110 samples (42.8%) had a higher level of IQGAP3 protein level expression (staining was strongly positive). A lower expression level (staining was weakly positive or negative) was found in 147 samples (57.2%, Table 1). Positive IQGAP3 staining was observed mainly in the cancer cell nuclei (Figure 3). IQGAP3 overexpression significantly correlated with the following characteristics: clinical stage (p = 0.001), T category (p = 0.010), N category (p = 0.001), distant metastasis (p = 0.001), locoregional recurrence (p = 0.002), and vital status (p = 0.001; Table 1).
TABLE 1 | Association between IQGAP3 expression and clinicopathological features of breast cancer (n = 257).
[image: Table 1]TABLE 2 | Association of clinicopathological features with overall survival and progression-free survival in breast cancer patients (n = 257).
[image: Table 2][image: Figure 3]FIGURE 3 | Immunohistochemical detection of IQGAP3 expression in paraffin-embedded breast cancer tissues. Representative images of immunohistochemical staining for IQGAP3 in normal breast tissues (controls) and breast tumor tissues are shown.
High IQGAP3 Expression Is Significantly Associated With Poor Prognosis in Breast Cancer
In the entire cohort, the 5-year overall survival (OS), locoregional recurrence-free survival (LRFS), and distant metastasis-free survival (DMFS) rates were as follows: 76.9%, 90.7%, and 71.9%, respectively. The cumulative 5-year OS, LRFS, and DMFS rates for patients with high IQGAP3 expression were 58.3%, 83.2%, and 50.8%, respectively, compared with 89.9%, 96.1%, and 88.2%, respectively, for patients with low IQGAP3 expression (p = 0.001, Figure 4A; p = 0.001, Figure 4B; and p = 0.001, Figure 4C).
[image: Figure 4]FIGURE 4 | IQGAP3 protein expression is associated with clinical outcomes in the whole cohort of breast cancer cases and in the radiotherapy (RT) subgroup (A and B,C). Kaplan–Meier overall survival (A), locoregional recurrence-free survival (B), and distant metastasis-free survival (C) curves for all 257 patients with breast cancer stratified by high IQGAP3 expression (n = 110) vs. low IQGAP3 expression (n = 147) (D and E,F). Kaplan–Meier overall survival (D), locoregional recurrence-free survival (E), and distant metastasis free survival (F) curves for RT subgroup of 201 patients stratified by high IQGAP3 expression (n = 87) vs. low IQGAP3 expression (n = 114). p values were calculated using the log-rank test.
We also evaluated the prognostic, predictive value of IQGAP3 overexpression in the RT subgroup (n = 201). IQGAP3 overexpression significantly correlated with poor OS, LRFS, and DMFS in patients who had undergone RT (p = 0.001, Figure 4D; p = 0.003, Figure 4E; and p = 0.001, Figure 4F). This data demonstrates that breast cancer patients with high levels of IQGAP3 show poor survival even after RT.
IQGAP3 Overexpression Is an Independent Negative Prognostic Factor in Breast Cancer
Univariate Cox regression analysis showed that the T category, N category, estrogen receptor (ER) status, progesterone receptor (PR) status, and IQGAP3 expression were significantly associated with survival in breast cancer patients. Multivariate survival analysis also indicated IQGAP3 expression was indeed an independent prognostic factor for OS and progression-free survival (PFS; p = 0.003 and p = 0.001, respectively; Table 2) in the whole cohort breast cancer patients (n = 257). Multivariate survival analysis in the RT subgroup (n = 201) showed that IQGAP3 expression remained an independent prognostic factor for OS and PFS (p = 0.002 and p = 0.001, respectively; Table 3). These results suggest that IQGAP3 may be an independent prognostic factor of breast cancer treatment outcome, especially for patients who have undergone RT.
TABLE 3 | Association of clinicopathological features with overall survival and progression-free survival in breast cancer patients undergoing radiotherapy (n = 201).
[image: Table 3]TABLE 4 | Association of clinicopathological features with radioresistance-free survival in breast cancer cases resistant to radiation therapy (n = 159).
[image: Table 4]IQGAP3 Overexpression Significantly Correlates With Radioresistance in Breast Cancer
Breast cancer patients who received RT were divided according to their response to treatment into a radioresistant group (who showed disease progression via locoregional recurrence) and a radiosensitive group (without disease progression). We first analyzed the public microarray TCGA data of breast cancer and found IQGAP3 was overexpressed in radioresistant samples (n = 115) compared to radiosensitive samples (n = 600; Figure 1B).
To confirm whether IQGAP3 is overexpressed in radioresistant breast cancer patients, we also examined IQGAP3 expression in 159 post-RT patients (radioresistant group n = 19; radiosensitive group n = 140) using IHC. IQGAP3 was overexpressed in radioresistant breast cancer patients compared to radiosensitive patients (Figure 5).
[image: Figure 5]FIGURE 5 | Immunohistochemical (IHC) detection of IQGAP3 expression in paraffin-embedded breast cancer tissues in the radiotherapy- (RT-) sensitive and RT-resistant subgroups. Left panel: representative images of IHC staining for IQGAP3 in the RT-resistant and RT-sensitive tissues. Right panel: average IHC score of IQGAP3 in the RT-resistant (n = 19) and RT-sensitive tissues (n = 140).
IQGAP3 Overexpression Is an Independent Prognosis Factor for Radiation Therapy Outcome in Breast Cancer
Through subgroup analysis of the 159 post-RT cases, we discovered IQGAP3 overexpression was correlated with an obviously shorter radioresistance-free survival (RRFS). Univariate Cox regression analyses showed that IQGAP3 expression, T stage, N stage, ER, and PR were significant prognostic factors for RT outcome (p = 0.012, p = 0.005, p = 0.005, p = 0.001, and p = 0.001, respectively; Table 4). IQGAP3 overexpression remained an independent prognostic factor for shorter RRFS in multivariate analysis (HR: 3.321; 95% CI: 1.135–9.716; p = 0.028).
IQGAP3 Overexpression May Promote DNA Damage Repair and Lead to Radiotherapy Resistance by Modulating the PI3K/AKT/mTOR Pathway
To examine the mechanism of IQGAP3 in the development of breast cancer radioresistance, we performed GSEA. We found IQGAP3 expression is positively correlated with DNA repair gene signatures (HALLMARK_DNA_REPAIR) and phosphatidylinositol-4,5-bisphosphate 3-kinase (PI3K) signaling-activated gene signatures (HALLMARK_PI3K_AKT_MTOR_SIGNALING) in TCGA published gene expression profiles (Figure 6).
[image: Figure 6]FIGURE 6 | Gene Set Enrichment Analysis (GSEA) plots showing that IQGAP3 expression correlates positively with DNA repair gene signatures (HALLMARK_DNA_REPAIR) and PI3K signaling-activated gene signatures (HALLMARK_PI3K_AKT_MTOR_SIGNALING) in the published Cancer Genome Atlas (TCGA) breast invasive carcinoma gene expression profiles.
DISCUSSION
Growing evidence suggests IQGAP3 is overexpressed in various tumors, including melanoma, pancreatic cancer, gastric cancer, bladder cancer, hepatocellular carcinoma, and breast cancer (Yang et al., 2014; Hu et al., 2016; Xu et al., 2016; Oue et al., 2017; Shi et al., 2017). IQGAP3 has also been suggested to help in screening and diagnosis by acting as a biomarker in hepatocellular carcinoma (Qian et al., 2016). Furthermore, recent studies showed that IQGAP3 overexpression accelerates cell proliferation and invasion in several tumors, indicating it may play a role in cancer progression (Yang et al., 2014; Hu et al., 2016; Kumar et al., 2017). However, its role in breast cancer remained vague until now. To the best of our knowledge, this is the first study to confirm an association between IQGAP3 expression and disease prognosis and RT sensitivity in breast cancer.
Previous studies have shown that IQGAP3 may promote and accelerate cancer development in vitro. For example, IQGAP3 knockdown inhibited proliferation and ERK activity in cultured epithelial cells (Nojima et al., 2008); IQGAP3 was also found to activate EGFR–ERK signaling and, thus, promote the metastasis of lung cancer cells (Yang et al., 2014). Furthermore, in two pancreatic cancer cell lines (BXPC-3 and SW1990), IQGAP3 knockdown inhibited cell proliferation, migration, and invasion and induced cell apoptosis (Xu et al., 2016). Moreover, silencing IQGAP3 was found to inhibit the proliferation, motility, and invasion of breast cancer cell lines (Hu et al., 2016). Consistent with this study involving breast cancer cell lines, the present research provides evidence that IQGAP3 expression may have important clinical significance in breast cancer.
We confirmed IQGAP3 was overexpressed both at the mRNA level (transcriptionally) and protein level (translationally) in breast cancer cell lines and human tumor samples compared to noncancerous breast epithelial cells and tissues. IQGAP3 overexpression significantly correlated with the following characteristics: gender, clinical stage, T category, N category, vital status, and distant metastasis. Moreover, patients with high IQGAP3 expression were more likely to exhibit locoregional recurrence and distant metastasis, indicating that IQGAP3 protein expression promotes the progression of breast cancer. We also found a significant association between high IQGAP3 expression and poorer 5-year OS, LRFS, and DMFS in both the entire cohort and the RT-treated subgroup. Together, this evidence suggests that IQGAP3 contributes to the development and progression of breast cancer.
Breast cancer recurrence ranges from 10 to 41%, depending on T status, N status, and tumor grade (Pan et al., 2017). Compared to other thoracic tumors, innate or acquired radioresistance leads to locoregional recurrence and results in treatment failure. Therefore, radioresistance represents a formidable clinical problem in the systematic treatment regimen of breast cancer. However, no reliable biomarkers are currently available to identify patients who may be radioresistant before undergoing RT in breast cancer. We found IQGAP3 was strongly positively associated with radioresistance, and high IQGAP3 protein expression significantly correlated with shorter LRFS and OS, even after RT treatment. Therefore, IQGAP3 may be a valuable biomarker to identify specific patients who need a more aggressive RT therapeutic regimen (such as a higher dose of radiation) to reduce locoregional recurrence and improve survival. Moreover, our multivariate analysis confirmed IQGAP3 was an independent prognostic factor for RRFS in the subgroup analysis of radiosensitive breast cancer cases. In conclusion, IQGAP3 may be a reliable novel predictive biomarker of radioresistance and poor survival in breast cancer patients following RT. It can be a potential marker to determine RT effect in the future, in addition to other traditional risk factors, like young age, vessel invasion, and a low number of examined axillary lymph nodes.
Tumor cellular exposure to radiation results in damage to DNA and other cellular structures, which then triggers a complex cascade of downstream response pathways in both the nucleus and cytoplasm, including DNA repair, cell cycle modulation, reactive oxygen species defense, cytokine production, and apoptosis (Pajic et al., 2018). In certain tumor cell subpopulations, these pathways can be innately biased towards a radioresistant, prosurvival phenotype (i.e., a phenotype with accelerated cell cycle arrest, reduced proliferation, more efficient or prolonged DNA repair, or dampened apoptotic signaling) (Gewirtz et al., 2009; Karar and Maity, 2009; Goldstein and Kastan, 2015). Indeed, IQGAP3 was found to bind to the Ras protein (Nojima et al., 2008), which plays a role in cell cycle arrest, DNA repair, proliferation, and antiapoptosis in human cancers (Simanshu et al., 2017). Studies have also shown that IQGAP3 can regulate certain signaling pathways and cellular functions (Hedman et al., 2015), including mitogen-activated protein kinase (MAPK) signaling, Ca2+/calmodulin signaling, cell–cell adhesion, β-catenin-mediated transcription, and microbial invasion.
To further examine the mechanism of IQGAP3 in the development of breast cancer radioresistance, we performed GSEA and found IQGAP3 expression positively correlates with DNA repair gene signatures (HALLMARK_DNA_REPAIR) and phosphatidylinositol-4,5-bisphosphate 3-kinase (PI3K) signaling-activated gene signatures (HALLMARK_PI3K_AKT_MTOR_SIGNALING) in published TCGA gene expression profiles. The PI3K signaling pathway is regulated by Ras; that is, the direct binding of Ras to the catalytic p110 subunit can directly activate PI3K. The PI3K pathway may contribute to the repair, regrowth, redistribution, and reoxidation of cells after RT. As per evidence, Fan et al. demonstrated that increased expression of PI3K in the breast cancer cell line MDA-DB-453 after RT not only protects cells from apoptosis but also significantly enhances their DNA repair ability (Fan et al., 2001). In addition, reducing PI3K signaling with a PI3K inhibitor (LY294002) after RT can lead to G2/M cell cycle arrest in a breast cell line MCF-7 (Shtivelman et al., 2002). Based on the above-mentioned evidence, we assume that high levels of IQGAP3, combined with Ras, may promote radioresistance in breast cancer by modulating the PI3K signaling pathway. Although many PI3K inhibitors are currently undergoing investigation in clinical trials, CAL-101 was the first PI3K inhibitor to be approved by the US Food and Drug Administration and the European Medicines Agency for the treatment of different types of leukemia in 2014 (Bendell et al., 2012; Shapiro et al., 2014).
There are some limitations to our study. First, it was a retrospective study, and the cohort size was not sufficiently large. Second, we lack direct evidence to support the role(s) of IQGAP3 in breast cancer progression and radioresistance. Therefore, further biochemical studies into the precise mechanism(s) of action of IQGAP3 are warranted.
CONCLUSION
This study shows IQGAP3 is overexpressed in breast cancer cell lines and tissues and is associated with the clinicopathological features of the disease. Additionally, IQGAP3 overexpression correlates with radioresistance and significantly poorer prognosis. Therefore, IQGAP3 may be a reliable novel biomarker to provide personalized prognostication in breast cancer and could be used to identify patients who may benefit from more aggressive RT treatment to improve their survival.
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