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I. FIGURE ANALYSIS: The role of the long non-coding RNA CBR3-AS1 in lung adenocarcinoma
Adapted from Hou et al., Cancer Cell International, 2021

Non-small cell lung cancer (NSCLC) is the most frequent malignant cancer associated with high mortality. Based on their pathological characteristics, NSCLC are divided into three subtypes, including lung adenocarcinomas (LAD). Long non-coding RNAs (lncRNAs) are emerging as new players in tumorigenesis and many of them have been reported to be strongly linked to NSCLC. In the present study, the authors analyzed the role of the CBR3-AS1 lncRNA in regulating the proliferation and migration of LAD cells.

1) They first assessed CBR3-AS1 expression in the LAD cell line A549 as well as in tumor tissues of LAD patients that they correlated with their overall survival (Fig.1).
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Fig. 1 (A) Levels of CBR3-AS1 lncRNA in the LAD cell line A549 compared to the non-cancerous human bronchial epithelial cell line 16HBE. ** p < 0.01. (B) qRT-PCR analysis of the expression of CBR3-AS1 lncRNA in LAD patient cancer tissues compared to adjacent non-cancerous tissues. Each dot corresponds to an individual patient n = 60, ** p < 0.01. (C) Comparaison of overall survival of patients with CBR3-AS1 lncRNA low (in blue) or high-expression (in red). n = 75, ** p < 0.01. 

What can you conclude about:
 i) the CBR3-AS1 expression level in LAD cell line and tumor ? 
ii) the effect of the CBR3-ASI expression level regarding the patient outcome ?
	





















2) Then, the authors aimed at understanding the mechanistic role of the CBR3-AS1 lncRNA in the progression of LAD. They got interested in the Wnt/-catenin signaling pathway as its dysregulation has been implicated in various human malignancies including NSCLC. They first evidenced that CBR3-AS1 interacts with the -catenin protein without modifying their mRNA or protein levels (data not shown). 
Therefore, to decipher the role of the CBR3-AS1 lncRNA on the Wnt/-catenin signaling pathway, A549 cells were depleted in CBR3-AS1 by siRNAs and the subcellular localization of -catenin was analyzed by Western-blot (Fig. 2A). Then, the authors quantified the expression of known mRNA targets of the Wnt pathway, such as c-Myc or MMP-7 (matrix metalloprotease-7), since nuclear -catenin is known to promote their transcription (Fig. 2B).

A
B
mRNA expression level

Fig. 2 (A) A549 cells were either transfected with control siRNA or with two different CBR3-AS1 siRNAs. After purification of the cytosol and nuclear subcellular fractions, the cellular components were extracted and analyzed by Western blotting. (B) A549 cells were transfected with control siRNA or CBR3-AS1 siRNAs and the levels of CBR3-AS1, c-Myc and MMP-7 mRNA were examined by qRT-PCR assays. Each bar represents the mean ± SD. * p < 0.05, ** p < 0.01.

Does CBR3-AS1 impact the subcellular localization of -catenin ? Why did the authors use the anti--actin and anti-H3 (histone 3) antibodies ?
After having mentioned the role of the c-Myc and MMP-7 proteins, describe the effect the depletion of CBR3-AS1 has on the expression of these two Wnt target genes. Therefore, what can you deduce concerning LAD cell properties ?
	































3) It has been well documented that the Wnt/β-catenin signaling pathway is implicated in cell proliferation, migration, and metastasis in various types of cancers. Therefore, the authors then assessed the proliferation and migration abilities of LAD cells following CBR3-AS1 knockdown, with or without concomitant -catenin expression (Fig. 3). Of note, they used LiCl since cell treatment with this molecule results in the stabilization of the level of -catenin and its nuclear translocation, leading to the activation of the canonical Wnt pathway.
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Control shRNA/Control vector
CBR3-AS1 shRNA/Control vector
CBR3-AS1 shRNA/FLAG--catenin

Fig. 3 (A) Growth viability assay with A549 cells stably expressing control shRNA or CBR3-AS1 shRNA and cultured in the absence or presence of 25mM LiCl for 8 days. Each bar represents the mean ± SD. * p < 0.05, ** p < 0.01. (B) Wound healing scratch assays with A549 cells stably expressing control shRNA or CBR3-AS1 shRNA, cotransfected or not with FLAG-β-catenin. The scratch is made at 0h on confluent cells and is then assessed at 48h. Scale bar, 50μm. Quantification of the migration rate is shown below, # not significant, ** p < 0.01.

What can you conclude on the effect of CBR3-AS1 on LAD cell proliferation (Fig. 3A) and migration (Fig. 3B) ? Are these results in agreement with those in Fig. 2B ?
	






















4) To conclude, the authors would like to include a graphical abstract in their paper that would summarize the data of figures 1, 2 and 3. Can you help them ?

Draw a scheme relating to the mechanism of action of the CBR3-AS1 lncRNA in the development of LAD cancer. Explain how this mechanism may account for the patient outcome illustrated in Fig. 1C.
	






















II. Answer the MCQ (Multiple Choice Questions) and fill in the missing words

1. How a cell becomes cancerous , new cell properties

Complete each sentence with the missing word(s):
A. Concerning breast cancer, mutations in the _______ genes can be inherited.
B. Cite two emerging capabilities of cancer cells that arose after the first six hallmarks of cancer were published: _________________ and _________________.
C. Telomerase overexpression prevents telomere ___________, resulting in immortality. 
D. Cancer cells sustain proliferation by producing their own growth signals but also by exhibiting ligand-_________ signaling.
E. By strengthening actin fibers, ________ favor matrix remodeling and cell migration in cancer-associated fibroblasts.
F. To prevent or slow down angiogenesis, inhibitors of _________ signaling can be used.
G. One way cancer cells evade immunity is by ___________ antigen presentation.
H. Changes that occur in __________ metabolism in cancer cells are referred as the ___________ effect.

2. Epigenetics

About DNA methylation: circle ‘yes’ or ‘no’ for each sentence:
A. DNMTs catalyze the addition of a methyl group to the fifth carbon position of cytosines.         Yes / No
B. In cancer cells, there is a global loss of 5-methylcytosine.				           Yes / No
C. Hypermethylation of promotor genes results in gene silencing.				           Yes / No
D. DNA hypomethylation can induce aberrant oncogene re-activation.			           Yes / No
E. High expression of UHRF1 inhibits tumor-suppressor genes.				           Yes / No
About histone modifications: circle ‘yes’ or ‘no’ for each sentence:
A. Histone H3 tail lysine residues are frequently subject to methylation or acetylation.	           Yes / No
B. Histone methylation can either promote or inhibit gene expression.			           Yes / No
C. CBP and p300 are histone acetylation writers.				        	          	           Yes / No
D. Various HDAC inhibitors are under investigation as epigenetic drugs.			           Yes / No
E. BET proteins are acetyl-lysine recognition proteins.					           Yes / No

3. Cytoskeleton

Concerning microtubules: circle ‘yes’ or ‘no’ for each sentence:
A.	In GDP tubulin, both alpha and beta subunits are associated with GDP.			          Yes / No
B.	Kinesins walk toward the + end of microtubules.					          Yes / No
C.	Dyneins use GTP as a source of energy to run on microtubules.				          Yes / No
D.	Taxanes belong to the family of microtubule stabilizing agents.				          Yes / No
E.	During mitosis, interpolar microtubules are associated with kinetochores.		          Yes / No

Concerning actin microfilaments: complete each sentence with the missing word(s):
Actin microfilaments consist of ________ protofilaments associated in a __________. The association of actin monomers with profilin _____________ the polymerization of actin at the + end of microfilaments. Filopodia consist of tight ____________bundles of microfilaments. This organization of microfilaments into filopodia is activated by the small GTPase protein ___________. 


4. Cell cycle

Complete each sentence with the missing word:
A. Malignant neoplasms are also called __________. They are marked by high cell proliferation and invasion properties.
B. CDK stands for ___________-dependent kinase.
C. Cell cycle is regulated by APC/C Cdh1, which is a _________ ligase, triggering proteasome degradation of specific targets.
D. The proteins E6 and E7 of the HPV oncovirus bind to p53 and _________, respectively, thus sequestering and inhibiting these two tumor suppressor proteins.
E. The spindle assembly checkpoint recognizes ____________ on the chromosomes, which are unattached to microtubules. This prevents anaphase until all sister chromatids are properly attached.
F. Mitochondria accumulate at the __________ ring during telophase.
G. Mitotic defects can cause ____________, with lack or gain of chromosomes visible in a karyotype.
H. TGF-2 signaling pathway activation leads to CDKI activation, resulting in dephosphorylation of the protein Rb and sequestration of the ___________ factor E2F. This favors entry into G0.
I. Serum starvation, loss of cell adhesion to the extracellular matrix or cell contact inhibition can trigger cellular __________.
J. Senescent and G0 cells are Ki-67 _________.

5. Epithelial-mesenchymal transition and cell migration

During the epithelial-mesenchymal transition circle ‘yes’ or ‘no’ for each sentence:
A. Tight junctions containing Occludins or Claudins disassemble.		                     	          Yes / No
B. In adherence junctions, E-cadherins are replaced by N-cadherins and vimentin.          	          Yes / No
C. Desmosomal integrins are replaced by focal adhesion integrins to allow for cell migration.      Yes / No
D. TGF- is activated.							                     	           Yes / No
E. The intermediate filaments called cytokeratins allow for cell migration.	        	        	           Yes / No

Concerning cell migration: circle ‘yes’ or ‘no’ for each sentence:
A. Complete EMT is required for collective migration of cancer cells.		        	          Yes / No
B. The leading edge of migrating cells is enriched in filopodia and microtubules. 	        	          Yes / No
C. Cancer-associated fibroblasts (CAFs) deposit extracellular matrix components stimulating tumor cell migration in the connective tissue below the epithelium. 		        		          Yes / No
D. The basal lamina is a thin specialized extracellular matrix sheet, that cancer cell must digest or break to invade the connective tissue.				                                 		          Yes / No
E. Intravasion is the process where cancer cells exit the blood stream to colonize a distant metastatic site.							        		         		          Yes / No

6. Cell deaths

About cell deaths: circle ‘yes’ or ‘no’ for each sentence:
A. Apoptosis is a regulated cell death pathway.					        	          Yes / No
B. Necrosis triggers anti-inflammatory responses.				        	       	          Yes / No
C. Necroptosis can occur when apoptosis is blocked.				       	          Yes / No
D. Autophagy requires lysosomes.						        	        	          Yes / No
E. Entosis ensures the digestion of dead cells.					        	          Yes / No

About apoptosis: circle ‘yes’ or ‘no’ for each sentence:
A. During apoptosis, plasma membrane integrity is lost.			        	       	          Yes / No
B. Effector caspases are involved in both extrinsic and mitochondrial apoptotic pathways.	          Yes / No
C. Bcl-2 protein plays anti-apoptotic functions.				        	        	          Yes / No
D. Caspases are activated by cleavage after a cysteine residue.		        	        	          Yes / No
E. During apoptosis, cells release pro-inflammatory molecules.		        	        	          Yes / No

7. Tumor heterogeneity, tumor microenvironment and anti-tumor immunity

Complete each sentence with the missing word(s):
Infiltrating immune cells influence tumor progression. Cancer immunoediting involves three phases: _________, Equilibrium, and ________.
During the Equilibrium phase, the constant pressure from the immune system allows for the selection of less _________ clones.
These tumor cell clones present less tumor _______ and often express the protein _______.

About anti-tumor immune responses: circle ‘yes’ or ‘no’ for each sentence:
A. CD8+ T cells secrete cytotoxic molecules.					        	          Yes / No
B. Interferon-gamma (IFN-ϒ) induces PD-1 expression on tumor cells.	        	        	          Yes / No
C. PD-L1 expression inhibits T cell anti-tumor activity.				        	          Yes / No
D. Regulatory T cells (Tregs) suppress anti-tumor immune responses.	        	        	          Yes / No
E. Anti-PD-L1 antibodies are currently used immunotherapies.		        	       	          Yes / No

8. Metabolism

About metabolic adaptations in tumors: circle ‘yes’ or ‘no’ for each sentence:
A. In the core of primary tumors, cancer cells perform oxidative phosphorylation.		          Yes / No
B. The Warburg effect results in aerobic glycolysis.	       				          Yes / No
C. Cancer-associated fibroblasts perform aerobic glycolysis.				          Yes / No
D. In cancer cells, signals that trigger the Warburg effect result from the activation
of the HIF-1, c-Myc and p53 pathways.	        					          Yes / No
E. Signaling between cancer cells and cells from the tumor microenvironment
involves the shuttling of lactate through monocarboxylate transporters.		          Yes / No

About angiogenesis in tumors: circle ‘yes’ or ‘no’ for each sentence:
A. The Vascular Endothelial Growth Factor (VEGF) is a prominent pro-angiogenic factor.	          Yes / No
B. Mitochondria malfunction causes VEGF overexpression through p53 stabilization.	          Yes / No
C. Increased VEGF expression results from HIF-1 signaling.				          Yes / No
D. Neoangiogenesis requires coordinated cell proliferation, migration and junction formation.   Yes / No
E. Angiogenesis is stimulated by Fructose-2,6 bisphosphate.		        		          Yes / No

9. Predictive markers and personal therapy

Circle ‘yes’ or ‘no’ for each sentence:
A. A predictive biomarker is the same as a predisposition marker.	          		            	          Yes / No
B. A bloodstream tumor marker can be used for diagnosis.	          			          Yes / No
C. Circulating Tumor Cells allow the detection of minimal residual disease.		          Yes / No
D. Tissular estrogen receptor levels allow personalized therapy of breast cancers.   	          Yes / No
E. Epigenetic alterations may contribute to drug resistance of cancer cells.         		          Yes / No
Crosswords

Down:
1- A marker that is used to confirm that a patient has a particular cancer.
2- A form of basic personalized therapy used in estrogen receptor-positive breast cancer patients.
3- The disease you learned about in this TU.
4- A unique molecular feature expressed by tumor cells, but not normally by heathy cells.
5- What happens to chemotherapy drugs through ABC transporters.
8- Denotes the tumor from which metastases originate.

Across:
6- A technique to measure DNA content in a population of isolated tumor cells.
7- Describes a tumor in which the chromosome copy number is abnormal.
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I. Answer the questions in the boxes,  circle “Yes” or “No”,  or fill in the missing words

1. Cancer cell biology, introduction
Cancer is a multistep process. Describe the main steps involved in the process of tumorigenesis,
from normal tissue to invasive cancer.







2. Epigenetics
a. Epigenetics regulates gene expression without altering the _____ __________.
b. The DNMT1 enzyme methylates histones. 							        Yes/No
c. High expression of UHRF1 results in DNA hypermethylation. 					        Yes/No
d. Histone methylation can either promote or inhibit gene expression. 				        Yes/No
e. Overexpression of the lncRNA NEAT1 is predictive of metastasis occurrence. 			        Yes/No

3. Cytoskeleton 
a. Dynein and ______________ are molecular motors specific to microtubules.
b. Vinblastin is a microtubule-destabilizing agent of the ___________-__________ family.
c. In “G-actin”, the “G” means that actin is regulated by small GTPases in migrating cells.	         Yes/No
d. Neurofilaments are intermediate filaments involved in neuropsychiatric diseases.		         Yes/No
e. Septins forms hetero-hexameric or -octameric filaments of 25 nm diameter.		     	         Yes/No

4. Cell cycle
a. Cycling cells are Ki67 ____________, in contrast to G0/quiescent or senescent cells.
b. The CDKIs (cyclin-dependent kinase inhibitors) p21 and p16 are inhibited by mitogens signals and growth factors to allow for Rb phosphorylation and E2F-mediated transcription of G1/S and S genes. 	          Yes/No
c. The ubiquitin ligase APC/C Cdc20 operates before APC/C Cdh1 to trigger the cyclin B proteasomal degradation and  allow for anaphase.								          Yes/No
d. In the body, all cells divide symmetrically.							          Yes/No
e. The tumor mutational burden (TMB) is specific of hereditary cancer.				          Yes/No

5. Cancer cell
a. The epithelial-mesenchymal transition (EMT) is essential for normal embryonic development and for the formation of metastasis.									         Yes/No
b. Cancer cells need specific cell adhesion molecules (CAMs), called selectins, to roll at the surface of endothelial cells in vessels before their extravasation.						         Yes/No
c. Extracellular vesicles (EVs) produced by cancer cells are always derived from multivesicular bodies (MVBs = also called late endosomes).									         Yes/No
d. Cancer cell migration properties can be analyzed in wound healing experiments.		         Yes/No
e. Proteoglycans are proteins carrying glycosaminoglycans (GAGs) and these proteins are never found at the plasma membrane.										         Yes/No				
6. Cancer cell deaths 
a. Caspases are only involved in apoptotic cell death.						         Yes/No
b. The p53 protein stimulates apoptosis.							         Yes/No
c. Pyroptotic cell death triggers inflammatory responses.					         Yes/No
d. Bax overexpression in cancer cells is associated with resistance to apoptosis.			         Yes/No
e. Necroptotic cell membrane integrity is lost.							         Yes/No

7. Tumor heterogeneity, TME and antitumor immunity 
Short-answer questions:
a. What does TME stand for? _________________________________________________________________
b. Cite two characteristics of Cancer Stem Cells :
_________________________________________________________________________________________
_________________________________________________________________________________________
c. Which immune cells are directly responsible for cancer cell killing? _________________________________________________________________________________________
d. Cite two mechanisms of immunosuppression in the TME: __________________________________________________________________________________________________________________________________________________________________________________
e. What are the consequences of PD-L1 interaction with its ligand PD-1? ____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________
f. How can we counteract the effect of PD-1/PD-L1 interaction? _________________________________________________________________________________________

8. Metabolism 
a. Cells that display Warburg effect produce lactate upon aerobic glycolysis.		       	            Yes/No
b. Mitochondrial ATP production in enhanced in tumors.					            Yes/No
c. Monocarboxylate transporters (MCT) mediate the entry of lactate into cells.		       	            Yes/No
d. The activation of the HIF-1 pathways controls glucose metabolism.			      	            Yes/No
e. Lactate production is favored by the LDH-B isoenzyme.					            Yes/No

9. Therapy
a. In breast cancer, the estrogen receptor (ER) is both a biomarker and a therapeutic target.	            Yes/No
b. Residual disease analysis consists of isolating and characterizing circulating tumor cells.	            Yes/No
c. Genetic biomarker analyses comprise the measurement of DNA content by flow cytometry.	            Yes/No
d. The tumor microenvironment contributes to drug resistance.				            Yes/No
e. Tumor stratification is dispensable for setting up personalized cancer therapy.		            Yes/No


II. Figure analysis : 
from Yuan et al., Cancer Sci. 2019 ; Kim et al., Am. J. Resp. Cell & Mol. Bio. 2016 ; Bester et al., Cell 2018.

Data presented here (in parts 1, 2 and 3, respectively corresponding to figures 1, 2 and 3) are from three distinct research groups. Your work here is to analyze the figure panels from each part and to conclude if the 3 parts are in agreement with each other or not. 

Part 1. Role of MUL1 in proliferation, migration and autophagy.
A group of researchers studied the MUL1 protein in the context of the clear cell renal cell carcinoma (ccRCC), one of the most common malignant tumors in the urinary system (Figure 1). 

Q1. What can you conclude from Figure 1A (page 9) ? Justify.





Q2. Describe Figure 1B and conclude on MUL1 protein function in cancer cell proliferation.







Q3. Describe Figure 1C and conclude on MUL1 protein function in cancer cell migration.
 






Q4. Describe Figure 1D-E and conclude on MUL1 protein in cancer cell autophagy.











Q5. From these set of data, would you say that MUL1 gene is a tumor-suppressor or a proto-oncogene ? Justify.




Part 2. Role of MUL1 protein in angiogenesis. 
In parallel, a second group of researchers studied MUL1 function is the context of cigarette smoke-exposure of endothelial cells (Figure 2). For this purpose, they used human lung microvascular endothelial cells (HLMVECs), which are able to form tubes mimicking vasculature when they are grown on an adapted matrigel. 

Q6. Based on your knowledge, what is the function of angiogenesis during cancer ? 






Q7. Describe Figure 2 (page 9) and conclude on MUL1 protein function in normal and smoke-stressed endothelial cells.









Part 3. Genes modulating Ara-C response: the case of MUL1. 
Although precision medicine and targeted therapies offer new hope for treating cancer, chemotherapy still remains the first, and last line of defense for most patients. 
The genotoxic cytarabine (Ara-C) is used as part of a standard chemotherapeutic regimen for the treatment of acute myeloid leukemia (AML). However, 30% to 50% of the patients relapse with chemotherapy-resistant disease. 
The goal of a third group of researchers was to identify genetic units triggering resistance to Ara-C, by performing a CRISPR screen (see annex CRISPR, page 10). To do so, they used the human MOLM14 cell line, one of the most cytarabine-sensitive AML cell lines.

First of all, they either overexpressed the anti-apoptotic BCL2 gene or downregulated the DCK gene, which is known to participate in Ara-C metabolism, and monitored the viability of transfected MOLM14 cells compared to control (Figure 3A, page 10).

Q8. What can you conclude from Figure 3A ? Is this confirming that the MOLM14 cell line is a good model to screen genes involved in cytarabine resistance ?












The researchers then performed their CRISPR screen in MOLM14 cells, using a genome-wide sgRNA (single guide RNA) library against protein-coding genes. Cells were co-treated with Ara-C, and the only selected sgRNAs in the screen were those that significantly increased cell viability in the presence of the chemotherapy drug. By transcript level quantification, the researchers found that these selected sgRNAs, either resulted in the up-regulation of their target genes (Figure 3B), or down-regulation (not shown). Among these deregulated genes, DCK was the most significantly down-regulated.

Q9. According to the design of the screen, would you say that the selected sgRNAs are promoting a higher resistance or sensitivity of MOLM14 cells to Ara-C therapy ? 




Q10. Why were the researchers happy to identify DCK in their set of down-regulated genes in the screen ?




Q11. In Figure 3B, are the PI3K/Akt and MAPK pathways well represented in the set of up-regulated genes in the screen ? 
Based on your knowledge, where does oxidative phosphorylation take place in cells and what is the resulting end-product of this process ?






The researchers got interested in the gene MUL1, which was up-regulated in their screen. They conducted experiments to decipher the effects of MUL1 expression on patient response to Ara-C treatment (Figure 3C) and on MOLM14 cell sensitivity to Ara-C (Figure 3D). Figure 3E shows the effect of MUL1 sgRNA on  Ara-treated MOLM14 cells apoptosis. (We remind you that the sgRNA here increases MUL1 expression).
Q12. Describe the data (Figure 3C-E), conclude on the effect of MUL1 overexpression on patient survival and on MOLM14 cell viability and apoptosis in a context of Ara-C resistance. 
















Q13. In view of a future clinical trial to better select acute myeloid leukemia (AML) patients eligible for treatment by Ara-C, at what kind(s) of biomarker(s) could correspond MUL1 expression (pre-disposition, diagnostic, predictive, prognostic) ? 
Considering all the data presented in part 3, would you recommend to select patients who exhibit a high or a low MUL1 level for Ara-C treatment? Explain why.












Q14. Conclude if the 3 parts are in agreement with each other or not. Justify.
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Figure 1. Role of MUL1 in proliferation, migration and autophagy.
A. Representative immunohistochemical images showing expression levels of MUL1 protein (brown) in adjacent normal (left) and ccRCC tissues (right). Nuclei are in blue. Quantification is shown on the right. n = 50 normal ; n = 100 cancer tissues ***P ≤ .001.
B. Plots showing growth rates of ccRCC control cells (NC) and cells treated with MUL1‐specific siRNA (Mul1) to decrease MUL1 protein level. **P ≤ 0.01.
C. Representative images showing wound closure in ccRCC cells as stated in B. 
D. Representative immunoblots showing levels of LC3-I, LC3‐II, P62 and GADPH protein in cells +/- siRNA MUL1 in the absence (Ctrl) or presence of Bafilomycin A1 (BAF), an inhibitor of the autophagic flux. 
E. Immunostaining of adipose differentiation‐related protein (ADFP, brown) in biopsy of a patient presenting normal tissues (left) near the adjacent ccRCC tissues (right). Nuclei are in blue. ADFP level is known to be regulated by autophagy in cells.

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Figure 2. Role of MUL1 in angiogenesis.
Matrigel endothelial cell tube formation assay. Human lung microvascular endothelial cells (HLMVECs) were seeded on the matrigel, transfected with scrambled RNAs or MUL1 siRNA, and incubated in the presence or absence of 4% cigarette smoke extract (CSE) for 18h. Fields were photographed, and tube lengths were analyzed (n = 3). * P ≤ 0.05.
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Figure 3. CRISPR functional screening of coding genes modulating Ara-C resistance : the case of the MUL1 gene. 
A. Effect of BCL2 overexpression (blue) or DCK knockdown (red) on sensitivity to Ara-C in MOLM14 cells. The related control cell viability is in grey. Data are represented as mean ± SD, n = 3.
B. Summary of gene set enrichment ranked by CRISPR screening using annotated KEGG (Kyoto Encyclopedia of Genes and Genomes) pathways.
C. Disease-free survival association with expression levels of MUL1 gene among patients treated with Ara-C therapy within the TCGA-LAML patient cohort (low MUL1 in black, n = 108; high MUL1 in red, n = 13).
D. Ara-C efficacy measurements in MOLM14 cells expressing sgRNAs targeting MUL1 (red) based on normalized MTT reads following 48 hr of treatment. Data are represented as mean ± SD, n = 3. (We remind you that the sgRNA here increases MUL1 expression).
E. Modulation of apoptotic response upon stable expression of sgRNAs targeting MUL1 in MOLM14 cells compared to control. The percentage of apoptosis is determined by annexin V and propidium iodide (PI) staining of cells treated with Ara-C for 72 hr. Data are represented as mean ± SD, n = 3. (We remind you that the sgRNA here increases MUL1 expression).
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Annex
sgRNAs can be used to perform CRISPR activating or inhibiting screens (respectively in green and in red). In these screens, each sgRNA is specific of a promotor region.
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I. Answer the questions by circling “Yes” or “No” or the good response, or by filling the holes

1. Introduction : how a cell becomes cancerous
a. All cancers arise from a gene mutation.							            Yes/No
b. Hereditary cancers generally have a later onset than sporadic cancers.			            Yes/No
c.  “Inducing angiogenesis” and “Deregulating cellular energetics” are two hallmarks of cancer. 	            Yes/No
d. In cancer cells, the RAS gene product is locked into its GDP-binding shape and does not require a signal at the receptor to promote cell division.								           Yes/No 
e. By strengthening actin fibers, septins favor cell migration of cancer-associated fibroblasts. 	           Yes/No

2. Epigenetics and histone modifications
a. DNA hypermethylation induces oncogene activation.						            Yes/No
b. TET enzymes are DNA-demethylating enzymes.						            Yes/No
c. N-terminal histone tails can be methylated, acetylated, phosphorylated or ubiquitinated. 	            Yes/No
d. Deregulation of histone acetyltransferases is associated with tumorigenesis or poor prognosis.         Yes/No
e. Overexpression of specific lncRNAs in tumors can be predictive of metastasis. 		            Yes/No

3. Cytoskeleton 
a. Septin filaments can act as diffusion barriers.				  			            Yes/No
b. Actin filaments are involved in endocytosis.							            Yes/No
c. Microtubules are essential for organelle molecular transport.					            Yes/No
d. Intermediate filaments play a role in cell stress management.				            Yes/No
e. Dynamic crosstalks occur between the four cytoskeletons.				    	            Yes/No

4. Cell cycle
a. Rb is an oncogene.										            Yes/No
b. v-Src and c-Src are oncogenes. 								            Yes/No
c. p53 is a tumor suppressor.									            Yes/No
d. p16/INK4 is a tumor suppressor.	           							            Yes/No e. Carcinogenesis is a multistep mutation acquisition process.					            Yes/No

5. The extracellular matrix
a. Is synthetized by cells like fibroblasts.							            Yes/No
b. Can contain extracellular vesicles.								            Yes/No
c. Can regulate cancer cell migration.								            Yes/No
d. Can be internalized by cells.									            Yes/No
e. Is devoid of glycoproteins.									            Yes/No
				
6. Cancer cell deaths 
a. Cancer cells are more susceptible/resistant to cell death. 
b. Proteins of the Bcl-2 family are key players of the intrinsic/extrinsic pathway of apoptosis/necroptosis. 
c. The intracellular double membrane vesicles formed upon apoptosis/autophagy are called lysosomes/autophagosomes.
d. Necrosis/Necroptosis can be activated following death receptor engagement when apoptosis is blocked. 
e. Pyroptotic/entotic cells share features with both apoptotic and necrotic cells.

7. Stem cell / TME/ antitumor immunity 
a. Name two types of cells found in tumors: ____________________________________________________.
b. ______________ favors the maintenance and proliferation of cancer stem cells.
c. Cytotoxic CD8+ T lymphocytes can kill cancer cells by secreting ________________________ and expressing _________________________.
d. The immune checkpoint PD1 is expressed at the surface of __________________ and its ligand PD-L1 is expressed at the surface of ____________________.
e. Name one anti-cancer immunotherapy strategy: ______________________________________________.

8. Metabolism/angiogenesis 
a. The anabolic cancer cell phenotype is encountered close to tumor blood vessels.		            Yes/No
b. Glutamine becomes a major fuel in anabolic cells.						            Yes/No
c. The Warburg effect means that catabolic cells produce lactic acid through the glycolysis
    pathway, even in the presence of oxygen.							            Yes/No
d. HIF-1 alpha goes to the nucleus only in the presence of oxygen.				            Yes/No
e. Lactic acid has autocrine and paracrine signaling effects in cancer cells.			            Yes/No

9. Therapy/marker/resistance	
a. A blood stream tumor biomarker can be used for diagnosis.					            Yes/No
b. Residual disease is monitored by collecting circulating tumor cells.				            Yes/No
c. Tissular DNA content measurement is achieved by PCR.					            Yes/No
d. Flow cytometry is a major tool for phenotyping leukemias. 					            Yes/No
e. Breast cancer treatment with anti-estrogens is a personalized therapy.			            Yes/No


II. Figure analysis : 
(Adapted from Chen et al., Oncogene 2022)

II. Part 1. Anillin in hepatocellular carcinomas (HCC) tumor tissues.
The actin-binding protein anillin (ANLN) is markedly upregulated in several human cancers and the knockdown of ANLN inhibits tumor growth, indicating that it is a potential therapeutic target for cancer.
Here, the researchers were interested in studying how ANLN overexpression affects tumorigenesis and progression of hepatocellular carcinomas (HCCs).
For this purpose, they analyzed the clinical records of HCC patients, and they used xenograft models where human HCC cells (HCCLM3), pre-treated with siRNAs, were implanted into mice.
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Figure 1. ANLN in human hepatocellular carcinomas (HCCs) and in a mice orthotopic tumor model of HCC (xenografts).
A. The overall survival of 112 human HCC patients with either high or low ANLN level was assessed using Kaplan–Meier analysis (p= 0.0052 is statistically different).
B. Representative images of immunohistochemical staining of xenografts where human HCCLM3 cells pre-treated with siANLN or siCtrl (control) were implanted subcutaneously. Results with antibodies directed against ANLN and Ki-67 are shown (brown staining). Ki-67 is a marker of proliferation. Scale bars indicate 100 μm. In B’ The corresponding tumor weights following xenografts are indicated for the two conditions (mean ± SD, n = 6,***p<0.001).

I-Q1. What can you conclude from HCC patient data in Fig. 1A ? Justify.









I-Q2. In Fig. 1B, why did the researchers compare the level of ANLN between the two siRNA conditions (siCtrl and siANLN)?
What can you conclude from the Ki-67 staining data (1B) and the tumor weight data (1B’) in the xenograft model? 











I-Q3. Do you think that data in Fig. A and B-B’ are in agreement ? Justify.





I-Q4. Considering Fig. 1, would you say that ANLN is rather an oncogene or a tumor-suppressor gene? Justify.







II. Part 2. Role of Anillin in cell division.
To thoroughly study ANLN function during mitosis, the researchers used the HCCLM3 human liver cancer cell line treated with siRNAs and cultivated in vitro.
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Figure 2. Role of ANLN in cell division
A. Representative immunofluorescence images of γH2AX foci (red, histone H2AX phosphorylated in response to double-stranded DNA cuts), microtubules (green) and DAPI (blue, a DNA marker) in HCCLM3 cells transfected with siANLN or siCtrl (control). Cells are in interphase. Scale bars indicate 5 μm.
A’. The histogram indicates the proportion of multinucleated cells observed in experiment A. Data are represented as mean ± SD from five independent experiments, ***p < 0.001.
 A’’. The histogram depicts the quantification of γH2A.X positive cells (%) in experiment A. Data are represented as mean ± SD from four independent experiments, ***p < 0.001.
B. Representative immunofluorescence images of ANLN (green), RACGAP1 (red, a cytokinesis marker) and DAPI (blue, a DNA marker) in HCCLM3 cells at the cytokinesis stage.
C. Time-lapse images, taken with a light microscope, of dividing HCCLM3 cells transfected with siANLN (bottom row) or siCtrl (upper raw). Red squares highlight the dividing cell followed in each movie. Black arrows indicate spreading cell/structure, re-attaching to the substrate.

II-Q1. Considering Fig. 2A-A’-A”, what is the ANLN function on DNA/nucleus in HCCLM3 cells? Justify.












II-Q2. On which structure do ANLN proteins accumulate during HCCLM3 cytokinesis (yellow arrow in Fig. 2B)? 



II-Q3. Considering Fig. 2C, what is the role of ANLN during cell cycle in HCCLM3 cells ? Justify.
Is it consistent with the phenotype observed with the siANLN condition in Fig. 2A ? Justify.












II-Q4. How would you explain the fact that siANLN HCCLM3 cancer cells are not as tumorigenic as the siCtrl cells in the xenograft model (Fig. 1B’), while in vitro, they are multinucleated with several DNA damages (Fig. 2A-A’-A”).





III. Part 3. Role of Anillin in cell death.
The researchers then tested the ability of siANLN treatment to induce HCCLM3 cell death.
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Figure 3. Role of ANLN in cell death
A. Flow cytometry analysis of HCCLM3 cells transfected with siANLN or siCtrl (control) and incubated with propidium iodide (PI-PE) and Annexin V-FITC (two fluorescent molecules than do not cross plasma membranes) . We remind you that propidium iodide (PI) is used to stain DNA while Annexin V is used to stain the phosphatidylserines, major phospholipids.
A’. The histograms depicts the relative quantification of data represented in A. Data are mean ± SD, n = 3 per group, ***p < 0.001.
B. Representative Western blot from HCCLM3 cell extracts, obtained after siANLN or siCtrl (control) transfection. Immunorevelation was performed using antibodies directed towards cleaved and full PARP and Caspase 3, as well as ANLN and GAPDH (glycolysis enzyme) as controls. 

III-Q1. The flow cytometry experiment depicted in Fig. 3A allows to distinguish live cells from apoptotic and necrotic ones. Indicate for each case if they are found in the green, pink or orange box. Justify.









III-Q2. Considering Fig. 3A’, what is the role of ANLN in HCCML3 cells regarding cell death? Justify.




III-Q3. In Fig. 3B, why are the researchers using GAPDH and ANLN as controls?








III-Q4. Considering Fig. 3B, is ANLN pro-apoptotic or anti-apoptotic in HCCML3 cells ? Justify.








III-Q5. Considering Fig. 2 and 3, what is the fate of the multi-nucleated and DNA-damaged siANLN HCCLM3 cells ? 
Is it consistent with Fig. 1A ?
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I. Answer the questions by circling “Yes” or “No” or by filling the gaps in the sentences

1. Introduction
a. Dysplasia is observed during the promotion step of cancer. 	 				          Yes/No
b. All cancers arise from changes in genes.			    				          Yes/No
c. Dysregulated apoptosis may originate from a disrupted balance of Bcl-2 family of proteins.	          Yes/No
d. During epithelial to mesenchymal transition, cell-cell junctions are _________.
e. A low level of VEGF is highly angiogenic.							          Yes/No

2. Epigenetic reprogramming
a. Epigenetic reprogramming has been recently recognized as a new hallmark of cancer.	         Yes/No
b. DNA methytransferases are “Erasers”.				              		                       Yes/No
c. Hypermethylation of gene promoters results in their transcriptional ______________.		         
d. DNA demethylation involves stepwise oxidation reactions.		           			         Yes/No
e. Long noncoding RNAs are over ______ nucleotides. 		            

3. Metabolism/angiogenesis 
a. Neo-angiogenesis is promoted by hypoxia.	Yes/No
b. VEGF signaling involves phosphorylation of tyrosines in the cytoplasmic domain of the receptor.	Yes/No
c. Cancer-associated fibroblasts are mostly anabolic.	Yes/No
d. In catabolic tumor cells, glucose is transformed into pyruvate to feed the Krebs/TCA cycle.	Yes/No
e. Lactate excretion acidifies tumoral extracellular medium.	Yes/No

4. Therapy/marker/resistance	
a. Diagnostic cancer biomarkers allow following cancer progression in individuals.	Yes/No
b. The residual disease is followed by identifying circulating tumor cells.	Yes/No
c. In breast cancer, anti-estrogen treatment is a personalized therapy.	Yes/No
d. The DNA content of a cancer biopsy is a diagnostic marker.	Yes/No
e. Precision oncology results from the interpretation of multiple "omics" data.	Yes/No

5. Cytoskeleton 
a. The nucleation step is always easier than polymerization of filaments.			         Yes/No
b. Severing enzymes act specifically at the tip of filaments.					         Yes/No
c. Intermediate filaments are non-polarized elastic structures.					         Yes/No
d. Cite a cytoskeleton filament that can be found in the nucleus : ____________________ .
e. Pathogens can use cellular F-actin and/or septin filaments during infection.   			         Yes/No

6. Cell cycle
a. Senescent cells are dividing cells that produce SASP (senescent-associated secretory phenotype).	Yes/No
b. The primary cilium is a sensory structure found in G0/quiescent cells.	Yes/No
c. Spindle orientation during mitosis is crucial for tissue organization.	Yes/No
d. Human somatic cells are diploid with 23 chromosomes.	Yes/No
e. During the interphase, centrosome duplication and DNA replication both occur at the  _____ phase.


         
7. Cellular junctions, extra-cellular matrix
a. Cell-cell junctions only concern epithelial cells.						         Yes/No
b. Cell-matrix junctions only concern epithelial cells.						         Yes/No
c. Cancer cells can modify the extracellular matrix (ECM).					         Yes/No
d. The basal lamina is the basal plasma membrane of epithelial cells.			 	         Yes/No
e. Endothelial cells are epithelial cells that form _______________ in the conjonctive tissue.

8. Cancer cell deaths 
a. RCD stands for ______________ cell death.		
b. Effector caspases, involved in apoptosis, are mitochondrial proteins.	Yes/No
c. Bulk autophagy nucleation relies on lysosomal LC3-II.	Yes/No
d. Upon therapy, cancer cells can dye by pyroptosis if they express GSDMs/gasdermins proteins.	Yes/No
e. Cancer cells release a NET to kill neutrophils to escape anti-tumor immunity.	Yes/No

9. Stem cell / TME/ antitumor immunity 
a. Cancer stem cells are highly sensitive to therapy.	Yes/No
b. Avoiding immune destruction is a hallmark of cancer.	Yes/No 
c. Macrophages are more abundant than natural killer (NK) cells in a tumor microenvironment.	Yes/No 
d. Antibody-mediated inhibition of the Fas/FasL interaction is used in therapy.	Yes/No
e. Chimeric antigen receptors born by T cells enhance cancer cell killing.	Yes/No 


II. Figure analysis : 
(Adapted from Jiang et al., J Cell Physio. 2018)

Role of the lncRNA Nuclear Enriched Abundant Transcript 1 (lncRNA NEAT1) and miR-448 noncoding RNAs in breast cancer

II. Part 1. Expression of NEAT1 and miR-448 in breast cancer cell lines
The researchers analyzed the expression of two noncoding RNAs (NEAT1 and miR-448) in four different epithelial breast cancer lines (MCF-7, MDA-MB-453, MDA-MB-231 and SKBR3) compared to the normal mammary epithelial cell line MCF-10A (Figure 1 A, B). Then, they depleted the lncRNA NEAT1 (si-NEAT1) in MCF7 cells (Figure 1C, D) and assessed the effect of this knockdown on miR-448 level (Figure 1D).
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Figure 1. LncRNA NEAT1 and miR-448 expression levels in human breast cell lines.
A, B. RNA samples were from control cell line (MCF-10A) and cancer cell lines (MCF-7, MDA-MB-453, MDA-MB-231 and SKBR3).
The relative noncoding RNA expression levels (NEAT1 lncRNA in A and miR-448 in B) in cancer cell lines were calculated compared to the control levels in MCF-10A. (mean ± SD, n = 3, *p<0.05).
C, D. RNA samples were from siRNA specific of NEAT1 lncRNA or siRNA control transfected MCF7 cells (si-NEAT1 compared to si-Ctrl).
The relative RNA expression levels (NEAT1 lncRNA in C and miR-448 in D) in the si-NEAT1 cells were calculated compared to the si-Ctrl (control).
(mean ± SD, n = 3, *p<0.05).

II-Q1. Analyze Figure 1.























II. Part 2. Function of NEAT1 and miR-448 in breast cancer cell lines
The researchers then assessed the function NEAT1 and miR-448 on MCF-7 cell division, migration and invasion (Figure 2). For that purpose they respectively depleted the lncRNA NEAT1 (si-NEAT1, Figure 2A-C) and over-expressed miR-448 (miR-448 mimic, Figure 2D-G).
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Figure 2. Cellular functions of LncRNA NEAT1 and miR-448.
A, B, C. Samples from siRNA specific of NEAT1 lncRNA or siRNA control transfected MCF7 cells (si-NEAT1 compared to si-Ctrl).
D, E, F, G. Samples from MCF-7 cells overexpressing or not miR-448 (miR-448 compared to negative control NC).
A, E. Analysis of cell survival over time, reflecting MCF-7 proliferation capacity.
B, F. Analysis of MCF-7 cell migration capacity in wound healing tests.
C, G. Analysis of MCF-7 cell invasion capacity in Boyden chambers.
D. The relative miR-448 RNA expression level in the miR-448 mimic transfected cells was calculated compared to the negative control (NC) condition.
(mean ± SD, n = 3, *p<0.05).

II-Q2. Analyze Figure 2.





































II. Part 3. A NEAT-1 / miR-448 / ZEB1 molecular pathway in breast cancer
The researchers then performed a bioinformatics screen and found that the mRNA that encodes ZEB1 is a putative target of miR-448. We remind you that the ZEB1 protein is a transcription factor required to induce EMT (epithelial-mesenchymal transition) and can promote cancer progression if it is overexpressed. In that case, cancer cell have elevated migration and invasion capacities.
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Figure 3. ZEB1 expression level in human breast cell lines.
Left blot. Western blot of total protein samples from control cell line (MCF-10A) and cancer cell lines (MCF-7, MDA-MB-453, MDA-MB-231 and SKBR3) with anti-ZEB1 and anti-GAPDH antibodies (top and bottom blots respectively).
Right blot : Western blot of total protein samples from MCF-7 cells overexpressing or not miR-448 (miR-448 compared to negative control NC), with anti-ZEB1 and anti-GAPDH antibodies (top and bottom blots respectively)

II-Q3. Analyze Figure 3.


















II-Q4. Draw the oncogenic signaling pathway implicating lncRNA NEAT-1, miR-448 and ZEB1, that is suggested by this study.












II-Q5. Propose an experiment (with the material and methods available in this study) to ensure that the lncRNA NEAT-1 is indeed an indirect regulator of ZEB1 in MCF-7 cells.
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β-catenin as a possible CBR3-AS1-interacting protein 
(Fig. 2a). This interaction was validated by in vitro CBR3-
AS1 RNA pull-down assay and followed by western blot-
ting assays against with anti-β-catenin antibody in A549 
cells (Fig.  2b). Simultaneously, we employed an RNA 
immunoprecipitation (RIP) assays with anti-β-catenin 
antibody and followed by qRT-PCR assays (Fig. 2c). The 
above results potentiated the interaction of lncRNA 
CBR3-AS1 with β-catenin (Additional file 2).



To confirm the interaction between lncRNA CBR3-AS1 
and β-catenin, we conducted another RNA pull-down 



assay and RIP assays in another LAD cell line, H1650 
cells, indicating that the interaction between lncRNA 
CBR3-AS1 and β-catenin is prevalent in LAD cells 
(Fig. 2d). In order to further characterize the interaction 
between lncRNA CBR3-AS1 and β-catenin in differ-
ent cellular components, we employed RIP assay to ana-
lyze the point interact station. The result indicated that 
β-catenin could interact with CBR3-AS1 in cytosolic in 
A549 cells (Fig. 2e). In summary, these results suggest that 
a potential intracytoplasmic function of CBR3-AS1 with 
β-catenin.
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Fig. 1 LncRNA CBR3-AS1 is highly-expressed in LAD and cell lines. a qRT-PCR analysis the expression of lncRNA CBR3-AS1in LAD, LCC or LSCC 
patient tissues compared with its adjacent non-cancerous tissues. LAD: n = 60; LCC: n = 40; LSCC: n = 40. **P < 0.01, #P > 0.05, one-way analysis of 
variance (ANOVA). b LAD patients with lncRNA CBR3-AS1 high-expression have shorter overall survival compared to patients with lncRNA CBR3-AS1 
low-expression. n = 75, **P < 0.01, two-way ANOVA. c Levels of lncRNA CBR3-AS1 are elevated in LAD cell lines compared with human bronchial 
epithelial cell line. 0.01 < *P < 0.05, **P < 0.01, one-way ANOVA
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Fig. 1 LncRNA CBR3-AS1 is highly-expressed in LAD and cell lines. a qRT-PCR analysis the expression of lncRNA CBR3-AS1in LAD, LCC or LSCC 
patient tissues compared with its adjacent non-cancerous tissues. LAD: n = 60; LCC: n = 40; LSCC: n = 40. **P < 0.01, #P > 0.05, one-way analysis of 
variance (ANOVA). b LAD patients with lncRNA CBR3-AS1 high-expression have shorter overall survival compared to patients with lncRNA CBR3-AS1 
low-expression. n = 75, **P < 0.01, two-way ANOVA. c Levels of lncRNA CBR3-AS1 are elevated in LAD cell lines compared with human bronchial 
epithelial cell line. 0.01 < *P < 0.05, **P < 0.01, one-way ANOVA
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Fig. 1 LncRNA CBR3-AS1 is highly-expressed in LAD and cell lines. a qRT-PCR analysis the expression of lncRNA CBR3-AS1in LAD, LCC or LSCC 
patient tissues compared with its adjacent non-cancerous tissues. LAD: n = 60; LCC: n = 40; LSCC: n = 40. **P < 0.01, #P > 0.05, one-way analysis of 
variance (ANOVA). b LAD patients with lncRNA CBR3-AS1 high-expression have shorter overall survival compared to patients with lncRNA CBR3-AS1 
low-expression. n = 75, **P < 0.01, two-way ANOVA. c Levels of lncRNA CBR3-AS1 are elevated in LAD cell lines compared with human bronchial 
epithelial cell line. 0.01 < *P < 0.05, **P < 0.01, one-way ANOVA
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Fig. 3 CBR3-AS1 facilitates Wnt/β-catenin signaling activation by promoting nuclear location of β-catenin in LAD cell lines. a A549 cells were 
transfected with control siRNA or CBR3-AS1 siRNA and the expression of β-catenin was examined by western blotting with antibody against 
β-catenin. b A549 cells were transfected with control siRNA or CBR3-AS1 siRNA and the expression of CBR3-AS1 and β-catenin was examined by 
qRT-PCR assays. Each bar represents the mean ± SD for biological triplicate experiments. **P < 0.01, one-way ANOVA. c A549 cells were transfected 
with control siRNA or CBR3-AS1 siRNA and the cellular components were extracted followed by western blotting with antibody against β-catenin. 
d TopFlash/FopFlash-luciferase reporter constructs are as shown (upper panel). A549cells were co-transfected with control siRNA or CBR3-AS1siRNA 
together with renilla and pGL3-TopFlash orpGL3-FopFlash. These cells were cultured in the absence or presence of 25 mM LiCl for 4 h before 
measuring luciferase activity. The relative luciferase activity was normalized with values of renilla luciferase and pGL3-FopFlash luciferase activity. 
Western blotting against with indicated antibodies. Each bar represents the mean ± SD for biological triplicate experiments. **P < 0.01, one-way 
ANOVA. e A549 cells were transfected with control siRNA or CBR3-AS1 siRNA and the expression of CBR3-AS1, c-Myc, LGR5 and MMP-7 was 
examined by qRT-PCR assays. Each bar represents the mean ± SD for biological triplicate experiments. **P < 0.01, one-way ANOVA
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Fig. 3 CBR3-AS1 facilitates Wnt/β-catenin signaling activation by promoting nuclear location of β-catenin in LAD cell lines. a A549 cells were 
transfected with control siRNA or CBR3-AS1 siRNA and the expression of β-catenin was examined by western blotting with antibody against 
β-catenin. b A549 cells were transfected with control siRNA or CBR3-AS1 siRNA and the expression of CBR3-AS1 and β-catenin was examined by 
qRT-PCR assays. Each bar represents the mean ± SD for biological triplicate experiments. **P < 0.01, one-way ANOVA. c A549 cells were transfected 
with control siRNA or CBR3-AS1 siRNA and the cellular components were extracted followed by western blotting with antibody against β-catenin. 
d TopFlash/FopFlash-luciferase reporter constructs are as shown (upper panel). A549cells were co-transfected with control siRNA or CBR3-AS1siRNA 
together with renilla and pGL3-TopFlash orpGL3-FopFlash. These cells were cultured in the absence or presence of 25 mM LiCl for 4 h before 
measuring luciferase activity. The relative luciferase activity was normalized with values of renilla luciferase and pGL3-FopFlash luciferase activity. 
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examined by qRT-PCR assays. Each bar represents the mean ± SD for biological triplicate experiments. **P < 0.01, one-way ANOVA
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Methods
Antibodies and reagents
The sources of antibodies against the following proteins 
were: β-actin (A1978, 1:10,000 for WB) from Sigma; 
β-catenin (51067-2-AP, 1:1000 for WB); Histone H3 
(ab1791, 1:5000 for WB) from abcam.
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lncRNA CBR3-AS1 was carried by pcDNA3.1 vector. 
TopFlash DNA fragment coding eight tandem repeats 
of TCF response elements, and FopFlash DNA frag-
ment as a negative control, carrying eight mutant TCF 
tandem repeats, were synthesized and introduced to 
pGL3-promoter vector upstream of the SV40 promoter 



to generate pGL3-TopFlash and pGL3-FopFlash 
respectively.



Cell culture
A549, H23, H1650, H1975, H3122, HCC827, H1155 
and 16HBE cells were got from the American Type Cul-
ture Collection (Manassas, VA) and cultured under the 
manufacturer’s instructions. All of the cultured cells were 
authenticated by examination of morphology and growth 
characteristics, and were confirmed to be mycoplasma-free.
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Cells were lysed by Laemmli sample buffer (161–0737, 
BioRad), and re-suspending in 5× SDS-PAGE load-
ing buffer. The boiled protein samples were then sub-
jected to sodium dodecyl sulfate polyacrylamide gel 
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Fig. 5 CBR3-AS1 regulates the LAD cell migration and invasion through Wnt/β-catenin signaling. a Wound healing scratch assays with A549 cells 
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triplicate experiments. #P > 0.05, **P < 0.01, one-way ANOVA. Scale bar, 50 μm
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manufacturer’s instructions. All of the cultured cells were 
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characteristics, and were confirmed to be mycoplasma-free.
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Fig. 5 CBR3-AS1 regulates the LAD cell migration and invasion through Wnt/β-catenin signaling. a Wound healing scratch assays with A549 cells 
stably expressing control shRNA or CBR3-AS1 shRNA or co-transfected with FLAG-β-catenin. Each bar represents the mean ± SD for biological 
triplicate experiments. #P > 0.05, 0.01 < *P < 0.05, **P < 0.01, one-way ANOVA. Scale bar, 50 μm. b A549 cells stably expressing control shRNA or 
CBR3-AS1 shRNA or co-transfected with FLAG-β-catenin followed by transwell invasion assays. Each bar represents the mean ± SD for biological 
triplicate experiments. #P > 0.05, **P < 0.01, one-way ANOVA. Scale bar, 50 μm
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β-catenin as a possible CBR3-AS1-interacting protein 
(Fig. 2a). This interaction was validated by in vitro CBR3-
AS1 RNA pull-down assay and followed by western blot-
ting assays against with anti-β-catenin antibody in A549 
cells (Fig.  2b). Simultaneously, we employed an RNA 
immunoprecipitation (RIP) assays with anti-β-catenin 
antibody and followed by qRT-PCR assays (Fig. 2c). The 
above results potentiated the interaction of lncRNA 
CBR3-AS1 with β-catenin (Additional file 2).



To confirm the interaction between lncRNA CBR3-AS1 
and β-catenin, we conducted another RNA pull-down 



assay and RIP assays in another LAD cell line, H1650 
cells, indicating that the interaction between lncRNA 
CBR3-AS1 and β-catenin is prevalent in LAD cells 
(Fig. 2d). In order to further characterize the interaction 
between lncRNA CBR3-AS1 and β-catenin in differ-
ent cellular components, we employed RIP assay to ana-
lyze the point interact station. The result indicated that 
β-catenin could interact with CBR3-AS1 in cytosolic in 
A549 cells (Fig. 2e). In summary, these results suggest that 
a potential intracytoplasmic function of CBR3-AS1 with 
β-catenin.
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Fig. 1 LncRNA CBR3-AS1 is highly-expressed in LAD and cell lines. a qRT-PCR analysis the expression of lncRNA CBR3-AS1in LAD, LCC or LSCC 
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variance (ANOVA). b LAD patients with lncRNA CBR3-AS1 high-expression have shorter overall survival compared to patients with lncRNA CBR3-AS1 
low-expression. n = 75, **P < 0.01, two-way ANOVA. c Levels of lncRNA CBR3-AS1 are elevated in LAD cell lines compared with human bronchial 
epithelial cell line. 0.01 < *P < 0.05, **P < 0.01, one-way ANOVA
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β-catenin as a possible CBR3-AS1-interacting protein 
(Fig. 2a). This interaction was validated by in vitro CBR3-
AS1 RNA pull-down assay and followed by western blot-
ting assays against with anti-β-catenin antibody in A549 
cells (Fig.  2b). Simultaneously, we employed an RNA 
immunoprecipitation (RIP) assays with anti-β-catenin 
antibody and followed by qRT-PCR assays (Fig. 2c). The 
above results potentiated the interaction of lncRNA 
CBR3-AS1 with β-catenin (Additional file 2).
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