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Introduction 
 

A variety of epidemiological factors are associated with an increased risk of developing breast 

and ovarian cancer. One of the prominent factors is an inherited mutation in the tumor suppressor 

gene BRCA1 (Breast cancer susceptibility 1) which accounts for nearly 10-15% of all breast 

cancer cases. A person possessing a germline mutation in BRCA1  has an 80-90% chance of 

developing breast cancer and a 40-65% life time risk of developing ovarian cancer 1.  Since its 

discovery, BRCA1  has garnered attention in an effort to understand how its genetic mutation is 

linked with various forms of cancers, like breast and ovarian cancer, and fully understand its 

underlying molecular mechanism 2. 

 

In humans, BRCA1 encodes the tumor suppressor protein called BRCA1, with two functionally 

distinct domains: an N-terminal RING domain and a C-terminal BRCT domain.  BRCA1 plays 

an important role in cancer prevention by maintaining genomic stability. In order to achieve–

genomic integrity, BRCA1 partners with BARD1 (BRCA1 associated ring domain 1) via their 

respective RING domains 3 to regulate  three key cellular activities: 1) DNA damage repair 

through homologous recombination, 2) cell-cycle checkpoint regulation, and 3) transcriptional 

regulation 4–7. The loss of the BRCA1 function  ramifies defectiveness in the DNA damage 

response pathway, decreases apoptosis 8, and impairs G2/M cell cycle-checkpoints 9, resulting in 

a higher chance of getting cancer. Therefore, elucidating the mechanisms of BRCA1 tumor 

prevention can increase our current understanding of breast and ovarian cancer derived from 

BRCA1 mutations. One common approach to study genes like BRCA1 and BARD1 is through 

utilization of model organisms 4–7. 
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Caenorhabditis elegans (C. elegans) is a 1 mm long free-living nematode that emerged as a 

promising candidate for studying the genes, proteins and their associated pathways 10–12. They 

are multicellular with differentiated cells, easy to cultivate, have a high rate of reproduction, and 

remain transparent in all stages of their development, which helps in tracking the changes 

occurring within them 11,12. Furthermore, these hermaphrodite worms show nearly 40% genome 

similarity with humans 13. In addition, worms can easily be genetically modified and have many 

genes including BRCA1 and BARD1 homologs to humans 7. For these reasons they have the 

potential to mimic genetic mutation in patients and its influence in the BRCA1/BARD1 mediated 

functions. Previous research suggests, like the human BRCA1 gene, the brc-1 gene of C. elegans 

is shown to be involved in DNA damage repair and cell cycle via its encoded brc-1 protein 14–16; 

however, it is unknown if the third role of BRCA1 in transcription regulation is conserved by 

brc-1 (figure 1).  

 

In humans, one of the key transcriptional regulatory functions of the BRCA1/BARD1 protein is to 

repress the expression of several estrogen metabolism genes in the Cytochrome P450 (CYP) gene 

family. The superfamily of CYP genes produce monooxygenase enzymes involved in biosynthesis 

and metabolism of estrogen. The metabolism of estrogen occurs by two pathways involving 

different CYP genes (figure 3). One pathway involves the metabolism of estradiol via CYP1A2 

and CYP3A1 to form 2-hydroxoyestradiol. Another pathway involves the metabolism of estradiol 

via CYP1B1 and CYP3A2 to form 4-hydroxyestradiol and this pathway is known to generate 

DNA-damaging free radicals. 2-hydroxoyestradiol and 4-hydroxyestradiol may be further 

metabolized to form semiquinones and quinones. Once the level of semiquinones and quinones is 

high, they bind to the purine bases of DNA to form either stable or unstable DNA adducts. If left 
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unrepaired, stable adducts in DNA may induce mutation whereas the unstable adducts results in 

loss of adenine or guanine from the DNA (depurination), leading to errors in repair and replication 

17. For example, several studies were conducted to access the risk of developing breast cancer by 

measuring estrogen-DNA adducts. These authors observed high levels of estrogen-DNA adducts 

in the urine and serum of high-risk individuals 18–20. This suggests that along with reactive oxygen 

species (ROS), formation of the DNA damaging adducts is one of the causative factors in 

developing breast cancer.  

 

Figure 1: Schematic representation of known functions of the human BRCA1 gene and C. 

elegans brc-1 gene. BRCA1 of humans exhibits three crucial functions: DNA damage response, 

cell cycle checkpoints regulations, and, transcription regulation to prevent cancer (a). Similarly, 

brc-1 of C. elegans plays a role in DNA damage response and cell cycle checkpoint regulation, 

but the transcription regulation by brc-1 is yet to be reported (b). 

 

The estrogen metabolism pathway needs to be tightly regulated  as it is producing DNA 

damaging intermediates and ROS 21. Savage et al. (2014) showed BRCA1 haploinsufficiency in 
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breast cells leads to increased expression of CYP3A4 and CYP1A1. Later this finding was further 

bolstered by Stewart et al. (2018), who demonstrated that BARD1 in the BRCA1/BARD1 

complex is also necessary for transcriptional repression of CYP3A and CYP1A1 genes in humans. 

C. elegans also possesses homologs of human estrogen metabolizing gene (CYP3A4) called the 

cyp-13A gene subfamily and consisting of the following genes: cyp-13A1, cyp-13A2, cyp-13A3, 

cyp-13A4, cyp-13A5, cyp-13A6, cyp-13aA6, cyp13A7, cyp-13A8, cyp-13A9, cyp-13A10, 

cyp13A11, and cyp-13A12 (Figure 2). Studying the regulation of the cyp-13A gene subfamily by 

brc-1/brd-1 is necessary for establishing the conservation of brc-1 as a transcriptional regulator 

in C. elegans. This project hypothesizes that brc-1 represses the transcription of the cyp-13A 

gene subfamily in C. elegans, homologous to BRCA1/BARD1 induced transcriptional repression 

of CYP3A4 gene in humans. 

 

 

 

 

 

 

 

 

 

Figure 2: Phylogenetic tree of C. elegans cyp-13A gene subfamily showing the percentage 

identical of individual cyp-13A members with human estrogen metabolizing CYP3A4. C. 

elegans cyp-13A sequences were compared to sequences of human CYP3A4 using NCBI 

protein blast. Phylogenetic tree of cyp-13A was generated using Łopieńska-Biernat et al (2020). 
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Figure 3: Schematic representation of estrogen metabolism pathway, associated with DNA 

damaging biproducts leading to carcinogenesis and their regulation by BRCA1/BARD1. 

Estrogen metabolism pathway is a complex process that begins with cholesterol and through the 

series of intermediate steps it forms androstenedione (androgens) which is a precursor for 

testosterone and estrone. Both testosterone and estrone are converted into estradiol catalyzed via 

17β-HSD (17-hydroxysteroid dehydrogenase) and aromatase, respectively. Simply, estradiol (E2) 

is hydroxylated to 2-hydroxyestradiol (2-OHE2) by CYP1A1/CYP3A4, or in another pathway, 

estradiol is hydroxylated to 4-hydroxyestradiol (4-OHE2) by CYP1B1. Both of these catechol 

estrogens, 2-OHE2 and 4-OHE2, undergo oxidation to form a quinone derivative catalyzed by 

oxidative enzymes 42. During this redox-cycling of catechol estrogens, generation of reactive 

oxygen species mainly in the form of superoxide anions takes places, which causes the oxidative 

DNA damage 43. Similarly, following the production of quinone derivatives, the breakdown 

biproduct of estradiol-2,3-quinone and estradiol-3,4-quinone binds directly to DNA producing 

adducts 44. On the other hand, tumor suppressor proteins like BRCA1/BARD1 constantly check 

estrogen homeostasis to prevent cancer. BRCA1/BARD1 regulate the expression of estrogen 

metabolizing genes and they activate the homologous recombination mediated DNA damage 

repair pathway so as to eliminate the ROS induced DNA damage and repair DNA breaks caused 

by bulky adducts. 
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In summary, the overall goal of this research was to develop C. elegans as a model system to 

study brc-1. Our main objective was to determine if the transcriptional role of brc-1 is conserved 

in C. elegans like in humans. To accomplish this objective, we analyzed the differences in the 

expression pattern of cyp-13A gene subfamily to determine if there are any differences in wild-

type (WT) and strains suffering mutation in brc-1 gene or brd-1 gene. We hypothesized that if 

brc-1 suppresses the cyp gene expression in worms, then deletion of brc-1 will lead to increased 

expression of the cyp-13A subfamily.  

Methods 
 

C. elegans strains and culture 
 

Wild-type (WT), N2 Bristol, worms were kindly gifted by Dr. Phil Hartman from Texas 

Christian University. The transgenic strains RB1209 [brc-1(ok1261)] and DW103 [brd-1(dw1)] 

were obtained from the C. elegans Genetics Center, University of Minnesota. CRISPR brc-1 

knockout worms brc-1(xeo4)-were gifted by Lina Dahlberg from Western Washington 

University. Worms were cultured on nematode growth media (NGM) agar plates seeded with 

Eshericia coli strain OP50 and maintained at a room temperature of 21º C following the standard 

protocol 24. L4 stage worms were used in all the experiments. Alkaline hypochlorite was used to 

obtain eggs from adult gravid worms. The eggs were allowed to hatch for 14-18 hours at 21º C in 

M9 buffer without E. coli with continuous shaking to obtain synchronous L1 worm populations. 

The pool of L1 larvae were grown in E. coli (OP50) seeded NGM plates for 36 hours until the 

worms reached L4 stage. L4 larvae were flash frozen using dry ice and stored at -80º C. 
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Isolation of RNA from C. elegans 
 

RNA was isolated from a pool of 2000 flash frozen L4 worms for each biological replicate using 

the Maxwell1 16 LEV simplyRNA Tissue Kit connected with Maxwell 16 AS2000 instrument 

(both Promega Corporation, Madison, WI, USA). Total RNA was isolated according to the 

standard protocol provided in the kit with an additional sonication step after homogenization 

buffer was added. In brief, 200 μL of cold homogenization buffer was added to the sample and 

sonicated using VCX130 with CL-18 tip at 85% amplification set to six times pulse with three 

seconds on and three second resting followed by the addition of 200 μL of lysis buffer. A total of 

400 μL of homogenized sample was used to extract RNA following the standard protocol 

provided by Promega. The quantification of RNA was performed using the NanoDrop ND-1000 

Microvolume UV-Vis Spectrophotometer (NanoDrop Technologies, Wilmington, DE, USA). 

The purity of RNA was determined by the absorbance ratio of 260/280 and 260/230. All samples 

had 260/280 and 260/230 ratios ≥ 2. The RNA samples were stored at -80°C until their 

conversion to cDNA. 

 

cDNA synthesis 
 

Quantabio qscript cDNA Superix was used to convert RNA to cDNA. To make a 50 ng/μL of 

working solution, the RNA samples were diluted using nuclease-free water. Then, the diluted 

RNA (12 μL) was added to 3 μL of cDNA super mix in small PCR tubes and reaction mixture 

were placed into a thermocycler (Bio-Rad). The thermocycler was programmed for in the 

following setup: 25°C (5 min), 42°C (30 min), 85°C (5 minutes) followed by an infinite hold at 

4°C. After the reaction was complete, 15 μL of reverse transcription buffer. The synthesized 

cDNA was stored at -20°C. 
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Gene expression analysis  
 

Out of twelve cyp-13A subfamilies, nine cyp-13A genes, including cyp-13A2, cyp-13A4, cyp-

13A5, cyp-13A6, cyp-13A7, cyp-13A8, cyp-13A10, cyp-13A11, and cyp-13A12 were selected for 

expression analysis. The expression level of two genes, cyp-13A1 and cyp-13A3, were below 

quantification level so they were excluded from the study and cyp-13A9 was also excluded from 

our study for being a pseudogene (as per NCBI database, GeneID: 13186601). We selected tba-1 

as a reference gene based on the findings by Zhang et al. (2012) where the authors found tba-1 to 

be the most reliable and consistent in expression out of 13 common reference genes. Previous 

research by Hoogewijs et al. (2008) also suggested the use of tba-1 as a suitable reference gene. 

The subfamily of cyp-13A genes shows high sequence similarity within themselves, we designed 

primers that target unique exon-exon junctions of each transcript. This also limits the binding of 

the primer to the genomic DNA. The information about the sequence of primer, annealing 

temperatures, reaction efficiencies are shown in table 1. To quantify the expression of cyp-13A 

subfamily genes, four biological replicates with three technical replicates of each worm strain 

were used. A CFX Manager Software 3.0 coupled with CFX-Connect real-time PCR detection 

system from Bio-Rad was used to perform qPCR reaction. Each 10 μL reaction mixture 

contained 0.4 μL of cDNA along with 5 μL of SYBR-GREEN (Quantabio) and 3 μL of primer. 

96-well plates form Bio-Rad was used to carry all the reactions. The reactions were run in a 

thermocycler with a following program set up: an activation step (95 ◦C for 30 s) followed by 40 

cycles of denaturing (95 ◦C for 10 s), and annealing (15 sec at a temperature specific to the 

primer as shown in table 1). A melting curve was generated between 65 ◦C and 95 ◦C in each 

plate to confirm primer specificity. Series of two-fold diluted standard cDNA samples were used 

to generate a standard curve, which ascertain the efficiency of the reaction and starting quantity 
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of target genes. The efficiency of all the primers ranged from 78.8 - 97% as shown in table 1. 

Standard deviation of standard deviation of obtained Ct values (SDofSD) for each biological and 

technical replicate were calculated and Ct values deviating by ± 2 SDofSD were considered 

outliers and removed. 

 

Statistical analysis  
 

Data analysis was done using GraphPad Prism software version 9.0.1. For analyzing the gene 

expression dataset of WT, brc-1 (ok1261), and brd-1 (dw1), one-way ANOVA (analysis of 

variance) followed by Dunnett’s test was conducted. Starting quality (SQ) values of each gene in 

brc-1(ok1261) and brd-1 (dw1) strains were normalized to mean SQ values of WT. Similarly, for 

the expression dataset comparing WT and brc-1(xeo4), Student’s t-test was performed. SQ 

values of each gene in brc-1 (xeo4) were normalized to mean SQ of WT. For all the tests, 

statistical significance was set at α = 0.05. 

Gene Primer 

type 

Primer Sequence Annealing 

Temp 

Reaction 

Efficiency 

cyp-13A2 Forward GATTTGCGATGGGTCAGACG 60°C 86.9% 

Reverse TTGGTGGGAAGACTTGGCAG 

cyp-13A4 Forward GGTCAAACCGAATCGCTGATG 60°C 89.5% 

Reverse TTGGCGCATCAAAGTTCCTG 

cyp-13A5 Forward GCATCCATCGTTCACAACCG 60°C 79.8% 

Reverse TGCATCCTCTCCCCAAACTT 
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Table 1: Primer sequences (forward and reverse primer) used for RT-qPCR with their 

annealing temperatures and reaction efficiencies.  

 

 

 

 

 

 

cyp-13A6 Forward CGTGATCTCCAGAGTTGCCA 57°C 88.6% 

Reverse AACATCCAGATCTGCCAGCG 

cyp-13A7 Forward TGTTAACGAGTTCAAGCCGGA 60°C 89.8% 

Reverse ATTCTTGGTCCCATGCCGAA 

cyp-13A8 Forward CGTGATCTCCAGAGTTGCCA 60°C 101.3% 

Reverse AACATCCAGATCTGCCAGCG 

cyp-

13A10 

Forward GTGGAAGACAGTGCGATGGA 62°C 92.8% 

Reverse ACATTTGCGAGTCGGTCTGA 

cyp-

13A11 

Forward ATACAGCAGGCGGGAAAGC 

 

62°C 78.6% 

Reverse CGTCTCGAGCACAAGGTAGT 

cyp-

13A12 

Forward TGGGGAGAGGATGCTGAAGA 60°C 81.0% 

Reverse CACTGTCGAGGTCCCAATCC 

tba-1 Forward TCAACACTGCCATCGCCGCC 60°C 86.6% 

Reverse TCCAAGCGAGACCAGGCTTCA

G 
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Results 
 

Based on our proposed hypothesis that brc-1 and brd-1 in worms plays a similar role in 

repressing cyp-13A genes as in humans, we would expect to see higher expression of the cyp-13A 

gene subfamily in the absence of brc-1 and brd-1. The predicted protein constructs produced in 

the worm strains used for the experiments are shown in figure 4.  

Figure 4: Cartoon depiction of conserved domains of the brc-1 and brd-1 and the predicted 

deletions produced in mutant worm strains: brc-1 (ok1261) and brd-1 (dw1). From the exon 

deletions present in mutant strains it is predicted that the proteins produced will contain partial 

deletion of brc-1 or brd-1 (shown with a green bracket in b or c, respectively). The pink and 

yellow ovals represent RING domains of brc-1 and brd-1 protein respectively. This domain is 

known to be necessary and sufficient for the enzymatic reaction required for gene repression. 

Black ovals represent the conserved ankyrin and BRCT domains with unknown relevance to 

gene repression functions. 

 

The data from RT-qPCR revealed that only cyp-13A5 was upregulated in brc-1 (ok1261), while 

the remaining genes (cyp-13A2, cyp-13A4, cyp-13A6, cyp-13A7, cyp-13A10, cyp-13A11, and 

cyp-13A12) were not affected by the loss of the exonic region of brc-1 (checkered bars figure 5). 

The brd-1 (dw1) strain showed significant upregulation of six cyp-13A genes, including cyp-
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13A4, cyp-13A5, cyp-A6, cyp-13A8, cyp-13A11, and cyp-13A12 (black bars figure 5). Out of six 

cyp-13A genes that were significantly upregulated in brd-1 (dw1) worms, cyp-13A4 showed the 

largest change in expression of nearly 5.5-fold, while the other genes varied from 1.5 to 2.5-fold 

increases in expression. The upregulation of cyp-13A gene expression in brd-1 (dw1) worms 

demonstrated that brd-1 represses the expression of most of the cyp-13A subfamily of genes as 

shown in the figure 5.  

 

In humans, BRCA1 and BARD1 work together to repress CYP genes, so it was surprising to not 

see more upregulated cyp-13A gene expression in brc-1 (ok1261) worms. This might suggest that 

brc-1 (ok1261) might be encoding for the truncated but partially functional brc-1. If this is the 

case, complete deletion of brc-1 would result in increased expression of cyp-13A subfamilies. 

Therefore, we used CRISPR knockout worms, brc-1(xeo4), with complete deletion of brc-1. We 

accessed the level of cyp-13A subfamily expression in the brc-1 (xeo4) strain using RT-qPCR 

and compared to the control WT worms. Indeed, we observed four genes–cyp-13A2, cyp-13A5, 

cyp-13A10, and cyp13A11– are upregulated by 1.5 to 2.5-fold when brc-1 is knocked out (figure 

6). This data revealed that brc-1 represses the cyp-13A subfamily of genes in worms. Together, 

our data shows how brc-1 and brd-1 significantly repressing the expression of cyp-13A subfamily 

suggesting both brc-1 and brd-1 to be the key players in regulating cyp-13A expression. 

Furthermore, this demonstrates the conserved role of brc-1 and brd-1 in repressing the expression 

of cyp13-A subfamily of genes in worms.   
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Figure 5: brd-1 represses cyp-13A genes in L4 worms. The expression of cyp-13A2, cyp-13A4, 

cyp-13A5, cyp-13A6, cyp-13A7, cyp-13A8, cyp-13A10, cyp-13A11 and cyp-13A12 in WT 

(control) and experimental brc-1 (ok1262) and brd-1 (dw1) as measured with RT-qPCR. White 

bar, checkered bar, and black bar represent relative cyp-13A gene expression of WT, brc-1 

(ok1261), and brd-1 (dw1) strain respectively. The data are presented as the average fold change 

in gene expression normalized to reference gene tba-1 and presented relative to WT. Each error 

bar represents ± SEM (standard error of means) from three or four biological replicates. * 

denotes statistically significant deviation from WT as determined by ANOVA followed by the 

Dunnett’s multiple comparison test. p-values < 0.05 were considered as statistically significant.  
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Figure 6: brc-1 represses cyp-13A genes in L4 worms. The expression of cyp-13A2, cyp-13A4, 

cyp-13A5, cyp-13A6, cyp-13A7, cyp-13A8, cyp-13A10, cyp-13A11 and cyp-13A12 in WT 

(control) and brc-1 (xeo4) (experimental) were measured using RT-qPCR. The white bar and 

crosses bar represent the relative cyp-13A gene expression in WT and brc-1 (xeo4), respectively. 

The data represent the fold change in gene expression normalized to the reference gene tba-1. 

Each bar represents ± SEM from three-four biological replicates and three technical replicates. 

Student's t-test was used to determine the differential gene expression and p-value < 0.05 was 

considered statistically significant.  
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Discussion 
 

Though C. elegans is one of the most widely used model systems to study the biological 

functions of various molecules and related pathways we are yet to fully understand the molecular 

complexity within these worms. Our study employs C. elegans as a system to study brc-1/brd-1 

and its functions. The DNA damage repair response, cell-cycle check point, and transcriptional 

regulation function of BRCA1/BARD1 ensures genomic stability in humans 4–7. Similarly, 

previous research on C. elegans established the role of brc-1/brd-1in DNA damage repair and 

cell-cycle checkpoint regulation 14–16.  Here we show that both brc-1 and brd-1 regulate the 

expression of cyp-13A genes in C. elegans. 

 

Our gene expression analysis demonstrated that brc-1/brd-1 of worms is necessary for repressing 

the expression of several cyp-13A gene subfamily members in worms. In humans, 

BRCA1/BARD1 transcriptionally regulates the expression of estrogen metabolizing genes 

(cytochrome P50 genes) via the mechanism of histone ubiquitination 23,27. BRCA1/BARD1 

mediated regulation prevents the accumulation of DNA damage caused by free radicals and 

bulky DNA adducts generated during the estrogen metabolism 28. This transcriptional regulation 

function of BRCA1 is attributed to its N-terminal RING domain that interacts with the RING-

domain of BARD1 to provide E3 ligase activity 29,30. E3 ligases catalyze the attachment of 

ubiquitin to various substrates, including RNA polymerase II, p53, CtIP, progesterone receptor, 

and histones, which are crucial for genomic stability and anti-tumorigenic roles 29. On the C-

terminal side of BRCA1, the BRCT domain of BRCA1 helps in binding the phosphorylated 

proteins essential for restoring the stalled replication forks through HR (homologous 

recombination) mediated DNA damage repair 31(figure 3).  
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We found that knocking out brc-1 results in the increased expression of several cyp-13A 

subfamily members suggesting brc-1 represses the expression of cyp-13A genes. Similar results 

were observed in humans 28, where loss of BRCA1 leads to the upregulation of CYP1A1 and 

CYP3A4 which are the major regulators of estrogen metabolism in estrogen responsive tissues. 

Our cyp-13A expression data using brd-1 (dw1) strain also demonstrated the role of brd-1 in 

repressing the majority of cyp-13A genes. Similar findings were suggested by Stewart et al. 

(2018). The authors measured the expression of CYP1A1 and CYP3A4 in MCF10A breast 

epithelial cells with a heterozygous BARD1 mutation and showed substantial increased 

expression of CYP1A1 and CYP3A4. Further, they were able to restore the CYP3A4 and CYP1A1 

to wild-type levels upon transfecting BARD1 +/- cells with H2A-Ub fusion. This finding 

provided strong evidence in relating BARD1’s H2A ubiquitination activity with the changes in 

the expression of estrogen-metabolizing genes. The genetic mutant brd-1 (dw1) encodes for brd-

1 missing 327 amino acids (including ankyrin domain and some parts of BRCT domain); 

however, Boulton (2006) noted that brd-1 (dw1) worm extracts lack detectable levels of brd-1 

and brc-1 protein in the western blots, indicating the mutated brd-1 is unstable and degraded 

which also causes degradation of brc-1. In humans, it has been established that BRCA1 and 

BARD1 are needed to stabilize each other 33,34. This might be the reason why we observed the 

upregulation of cyp-13A genes in brd-1 (dw1) strain even though the RING domain is predicted 

to remain intact.  

 

In the brc-1 (ok1251) genetic mutant, we only observed the upregulation of cyp-13A5. Loss of 

140 amino acids from BRCT region might not have a significant effect in its transcriptional 

regulatory function as it has only regulates the HR mediated DNA damage repair, whereas the 
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same encoded brc-1 protein also has an intact RING domain. This might be sufficient enough to 

repress the expression of cyp-13A subfamily through ubiquitination. This would explain why we 

did not observe the upregulation of more cyp-13A genes in the brc-1 (ok1261) strain.  

 

 

 

 

 

 

 

 

 

 

Figure 7: Venn diagram showing the upregulated cyp-13A genes in worm strains. Pink 

circle indicates cyp-13A genes that are significantly upregulated only in brc-1 (xeo4) strain and 

yellow circle lists cyp-13A genes that are significantly upregulated only in brd-1 (dw1) strain. 

Orange indicates genes that are upregulated in both strains and cyp-13A7 is the only gene that 

was not regulated in either strains. Red circle indicates cyp-13A genes that are not included in 

our current study.  

 

As shown in the figure 7, cyp-13A5 and cyp-13A11 were the common genes that were 

upregulated in both the brc-1 (xeo4) and brd-1 (dw1) strain and cyp-13A7 was not upregulated in 

any strain. We also observed variation in the regulation by brc-1/brd-1 of expression within cyp-

13A gene subfamilies which might suggest that not all genes within cyp-13A gene families are 

regulated equally by brc-1/brd-1. It is unknown why brc-1 and brd-1 is repressing cyp-13A in 
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worms, when worms do not use estrogen as a hormone.  This also seems to be case in the few 

studies that have explored the possible role of cyp-13A subfamily of genes in C. elegans.  

Chakrapani et al. (2008) showed increased expression of cyp-13A7 in worms treated with 

antibiotics (Rifampicin), indicating its possible role in drug metabolism. Its human homolog also 

plays a role in metabolizing antibiotics 36. Research by Keller et al. (2014) demonstrated that 

cyp-13A12 is an essential component for lipid biosynthesis that helps in metabolism of 

eicosapentaenoic acids (EPA) and arachidonic acids. Similarly, exposing worms to the heavy 

metal cadmium leads to the overexpression of cyp-13A4, cyp-13A5, cyp-13A6, and cyp-13A7 38. 

Together with our results there is an indication that cyp-13A in worms functions in a variety of 

pathways and brc-1/brd-1 might influence their ability to metabolize drugs, lipids, and 

xenobiotics substances.  

 

Overall, through our studies using C. elegans as a model system we were able to explore how 

brc-1/brd-1 influences the expression of cyp-13A subfamily of genes and show how the 

transcriptional regulation function of brc-1 is conserved in worms. This puts us one step closer to 

our goal of using worms as a model to study brc-1 functions and for testing human variants in 

BRCA1. Not only is brc-1/brd-1 in worms similar in sequence to human BRCA1/BARD1, but 

they also share the functions known to lead tumor suppression in humans. It enables researchers 

to look at the mechanism of how certain unknown genetic mutations in brc-1/brd-1 affects their 

normal functions in worms and these finding are highly applicable for humans. For example, in 

the past two decades the research in cancer biology using C. elegans has contributed to the 

discovery of RNAi, miRNA, and apoptosis 35; all of which have since been used to make medical 

discoveries applicable to humans. Specifically, in the field of BRCA1/BARD1 recent research in 
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C. elegans has found new roles for these proteins in mediating meiotic recombination and axon 

regeneration 12, 36, proving work in C. elegans is applicable for discovering more about BRCA1 

functions. As a new research topic in the field of C. elegans biology we are left with a plethora 

of exciting questions that can be addressed in the future work. 
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Breast cancer susceptibility gene 1 encoded BRCA1 and its heterodimeric partner BARD1 play 

an essential role in genomic stability by regulating DNA damage repair, cell-cycle checkpoints, 

and transcription regulation. Germline mutations in either of these genes exposes individuals to a 

higher risk of developing breast and ovarian cancer. The Caenorhabditis elegans orthologs, brc-1 

and brd-1, also regulate DNA damage repair and cell cycle checkpoints; however, their role in 

regulating gene transcription is still unknown. We hypothesized that, similar to humans, brc-1 of 

C. elegans regulates expression of the cyp-13A gene subfamily, which are the homologs of the 

human estrogen metabolizing gene, CYP3A4.  Here, we show the transcriptional regulation of 

brc-1 and brd-1 is conserved in worms. Using gene expression analysis, we found that knocking 

out brc-1 resulted in significant upregulation of four members of the cyp-13A subfamily, and loss 

of brd-1 function led to upregulation of six member of the cyp-13A subfamily. Our finding 

provides insights into how brc-1/brd-1 transcriptional regulation function is conserved in worms 

and further validates using C. elegans as a model system to investigate BRCA1 functions.  

 


