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FLAD1 is overexpressed in breast cancer and is a  
potential predictor of prognosis and treatment
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Abstract: Flavin adenine dinucleotide synthetase 1 (FLAD1) is an important protein-coding gene involved in flavin 
metabolism and oxidative-reductive process. The expression of FLAD1 is vital to cell survival. The significance of 
FLAD1 expression has not yet been explored in breast cancer (BC). We used the Oncomine database to mine and 
analyze FLAD1 expression and found FLAD1 is elevated in BC tissues compared to normal ones. We then investi-
gated its correlation with clinicopathological features using the Breast Cancer Gene-Expression Miner. The results 
revealed FLAD1 correlated with negative receptor status, high histological grade, and a subtype of worse prognosis. 
To further clarify the relationship between FLAD1 and the outcome of BC patients, we used the Kaplan-Meier plot-
ter to generate a survival curve. FLAD1 was associated with poor outcome, especially poor recurrence-free survival 
(RFS) in luminal A, B, and basal-like subtypes. FLAD1 also indicated a worse outcome for grade 2 and lymph node 
negative BC. For patients with systematic treatment, FLAD1 indicated poor RFS in luminal A, B and basal-like sub-
types, as well as in grade 2 and lymph node positive BC. Taken together, our work suggests FLAD1 could be an inde-
pendent prognostic factor for BC. Further elucidation of FLAD1’s function and pathway may provide new strategies 
for future BC assessment and treatment.
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Introduction

Breast cancer (BC) is the most common malig-
nant tumor in women. In 2015, it was estimat-
ed that 1,384,155 new cases occurred world-
wide and approximately 459,000 died from the 
disease [1]. Nearly 1 in 33 women is likely to be 
diagnosed with in-situ BC throughout her life-
time [2]. The high incidence and mortality rates 
have made BC a major public health concern. 
As BC is a heterogeneous disease with various 
histopathologic subtypes, genetic characteris-
tics and prognoses, it is necessary to distin-
guish among different types to fully under- 
stand and develop strategies against them, 
respectively. The gene expression profile com-
prising hormone receptors (HR), namely estro-
gen receptor (ER) and progesterone receptor 
(PR), and human epidermal growth factor 
receptor 2 (HER2) status can categorize BC into 
at least four intrinsic subtypes with distinct clin-

icopathological characteristics, prognoses and 
treatment schemes, i.e. luminal A (ER/PR posi-
tive, HER2 negative), luminal B (ER/PR positive, 
HER2 positive), HER2-enriched (ER/PR nega-
tive, HER2 positive), and basal-like (ER/PR neg-
ative, HER2 negative). Studies have shown this 
subtype model could predict the 10-year out-
come regardless of the systemic treatment 
administered and the residual risk of distant 
recurrence after 5 years of endocrine therapy 
[3]. Although ER, PR, and HER2 are useful bio-
markers in the diagnosis and treatment of BC, 
new biomarkers associated to BC can help 
build a much deeper and more comprehensive 
understanding and also provide new treatment 
targets. Apart from the molecular subtypes, 
many other clinical factors, such as age at  
diagnosis [4] and expression of other molecular 
biomarkers [5] may also impact the prognosis 
of BC. 
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FLAD1 codes for flavin adenine dinucleotide 
(FAD) synthetase, a key enzyme in the FAD bio-
synthesis process [6]. It is involved in phospho-
adenosine phosphosulfate metabolism, FMN 
biosynthesis and the oxidative-reduction pro-
cess. Human FLAD1 is ubiquitously expressed 
in the thyroid, lymph node, and 25 other tissues 
as four transcription variants, isoform 1-4 [7]. 
Mutation of the FLAD1 gene might result in 
multiple acyl-CoA dehydrogenase deficiencies 
(MADDs), a severe metabolic disorder with 
mitochondrial respiratory-chain deficiency [8]. 
Due to its significance in the oxidation-reduc-
tion chain, FLAD1 is closely related to the sur-
vival of tumor cells and thus the metastasis 
and prognosis of cancer. Previous studies have 
identified FLAD1 as a set of potential biomark-
ers to assess patients with non-small cell lung 
cancer (NSCLC) for their outcomes, combined 
with other genes [9]. It has been targeted for 
potential anti-tumor treatment by target-identi-
fication phenotypic screening and competitive 
affinity-based proteome profiling [10]. However, 
currently, there is no study available to illus-
trate the relationship between FLAD1 and BC; 
the role of FLAD1 in BC stratification remains to 
be explored.

In this study, we mined online bioinformatics 
database for FLAD1 profiles in BC and analyzed 
the relationship between its expression and 
several clinicopathological parameters of BC. 
We believe such analysis will provide an option 
for the assessment, stratification, and treat-
ment of BC patients.

Material and methods

The Kaplan-Meier plotter

The relationship between FLAD1 expression 
and the prognostic parameters of BC was ana-
lyzed using the Kaplan-Meier plotter (www.
kmplot.com), which contains the assessment 
of prognostic parameters of cancer by various 
genes [13]. Samples were divided into two 
cohorts according to the median expression 
level of FLAD1 (FLAD1-high vs FLAD1-low  
group: expression level ranking the upper vs 
lower half). The survival curve of the two 
cohorts was plotted and then compared across 
subtypes, histological grades, systematic treat-
ment, as well as these factors combined. The 
prognoses were evaluated by the following cri-
teria: overall survival (OS), recurrence-free sur-
vival (RFS), post-progression survival (PPS), and 

distal metastasis-free survival (DMFS). The uni-
variate and multivariate survival analyses were 
conducted using the Cox proportional hazard 
model. The number at risk and the log-rank 
p-value and hazard ratio (HR) with 95% confi-
dence intervals (CI) of FLAD1 overexpression 
were calculated.

Oncomine 4.5

Oncomine (www.oncomine.org) is an online 
cancer microarray database that provides 
researchers with gene expression profiles as 
well as clinical and pathological analyses for 
major types and subtypes of cancer with 
respective normal tissues [11]. Currently, 
Oncomine has more than 700 independent 
data sets. In this study, the expression level of 
FLAD1 was acquired and compared to normal 
breast tissue. All datasets were extracted and 
analyzed from October 2017 to December 
2017. Student’s t-test was performed to verify 
FLAD1 overexpression. The threshold value of 
this study was defined as: 2.0 fold change, 
p-value < 0.05, and top 10% gene rank. 

Breast cancer gene expression miner

Breast Cancer Gene-Expression Miner v4.0 
(bc-GenExMiner v4.0), an online database 
which provides the effect of gene expression 
on clinical outcomes [12] was used to compare 
the expression level of FLAD1. The clinicopath-
ological features of BC analyzed in this study 
included age, HR and HER2 status, nodal sta-
tus, histological grades, subtypes, etc. The cor-
relations between FLAD1 expression and the 
clinicopathological parameters of BC patients 
were assessed using a chi-square test. The 
FLAD1 mRNA level was compared and plotted 
according to the above parameters, and the 
Dunnett-Tukey-Kramar’s test was conducted. 

Results

FLAD1 was associated with a poor prognosis 
of BC patients

We used the Kaplan-Meier plotter to plot and 
investigate the prognosis of BC patients with 
elevated FLAD1, including their OS, RFS, PPS 
and DMFS. The results indicated that up-regu-
lated FLAD1 expression is correlated with 
worse OS (HR = 1.41, P = 0.0015), RFS (HR = 
1.34, P < 0.001), DMFS (HR = 1.37, P = 0.033), 
and PPS (HR = 1.3, P = 0.0016) (Figure 1). We 
then examined FLAD1’s impact on survival of 
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the four subtypes and discovered no obvious 
correlation between FLAD1 expression and OS 
(Figure 2A-D), but RFS was closely related to 
the FLAD1 expression level except in the HER2-
enriched group (luminal A HR = 1.42, P = 
0.0074; luminal B HR = 1.54, P = 0.0011; 
HER2-enriched HR = 0.77, P = 0.34; basal-like 
HR = 1.47, P = 0.034) (Figure 2E-H).

Further efforts were made to clarify whether 
FLAD1 expression could stratify prognosis in 
different histological grading and lymph node 
status, as well as the effectiveness of treat-
ment. In the end, FLAD1 showed a capability in 
distinguishing prognosis in grade 2 BC (OS HR 

= 1.65, P = 0.023; DMFS HR = 1.69, P = 
0.0033) (Figurse 3B, 4B), while having a minor 
influence in grade 1 or 3 BC. As for nodal sta-
tus, FLAD1 expression is a better prognostic 
factor in the LN negative group than it is in the 
LN positive group, indicating poor OS (HR = 
1.52, P = 0.028) and DMFS (HR = 1.4, P = 
0.014) (Figure 5E-G). Finally, to determine 
whether there was deviation caused by system-
atic treatment, we compared the outcomes of 
treated patients across subtypes, histological 
grades, and nodal statuses, respectively. As a 
result, RFS was still different in luminal A, B and 
basal-like BC among all subtypes (luminal A HR 
= 1.42, P = 0.0074; luminal B HR = 1.54, P = 

Figure 1. Up-regulated FLAD1 was correlated with a poor outcome of BC patients. The survival curve was generated 
using the Kaplan-Meier Plotter. The red curve represents patients with high FLAD1 expression; the black curve rep-
resents patients with low FLAD1 expression.
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Figure 2. The relationship between FLAD1 expression and the OS/RFS of the different subtypes of BC. The survival curve was generated using the Kaplan-Meier 
Plotter. The red curve represents patients with high FLAD1 expression; the black curve represents patients with low FLAD1 expression. A-D: OS of luminal A, luminal 
B, HER2-enriched and basal-like BC. E-H: RFS of luminal A, luminal B, HER2-enriched and basal-like BC.



FLAD1 is overexpressed in breast cancer

3142 Int J Clin Exp Med 2019;12(4):3138-3152

Figure 3. The relationship between FLAD1 expression and the OS/RFS of different grades of BC. The survival curve 
was generated using the Kaplan-Meier Plotter. The red curve represents patients with high FLAD1 expression; the 
black curve represents patients with low FLAD1 expression. A-C: OS of grade 1~3 BC. D-F: RFS of grade 1~3 BC.

Figure 4. The relationship between FLAD1 expression and the DMFS/PPS of the different grades of BC. The survival 
curve was generated using the Kaplan-Meier Plotter. The red curve represents patients with high FLAD1 expression; 
the black curve represents patients with low FLAD1 expression. A-C: DMFS of grade 1~3 BC. D-F: PPS of grade 1~3 
BC.
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Figure 5. The relationship between FLAD1 expression and the outcome of different nodal status. The survival curve was generated using the Kaplan-Meier Plotter. 
The red curve represents patients with high FLAD1 expression; the black curve represents patients with low FLAD1 expression. A-D: OS, RFS, DMFS and PPS of 
lymph node positive BC. E-H: OS, RFS, DMFS, and PPS of lymph node negative BC. 
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Figure 6. The relationship between FLAD1 expression and the OS/RFS of different subtypes of BC after systematic treatment. The survival curve was generated 
using the Kaplan-Meier Plotter. The red curve represents patients with high FLAD1 expression; the black curve represents patients with low FLAD1 expression. A-D: 
OS of luminal A, luminal B, HER2-enriched and basal-like BC. E-H: RFS of luminal A, luminal B, HER2-enriched and basal-like BC.
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0.0011; basal-like HR = 1.47, P = 0.034) (Figure 
6E-H) and in grade 2 BC among all histological 
grades (HR =1.53, P = 0.019) (Figure 7); mean-
while, OS was different in lymph node positive 
BC (HR = 0.53, P = 0.027) (Figure 8A). Taken 
together, these observations implied systemat-
ic treatment did have an impact on the devia-
tion of outcome, and the response to treatment 
was different with FLAD1 expression levels in 
some groups.

The expression level of FLAD1 was elevated in 
BC patients

To investigate whether FLAD1 overexpression 
can account for the poor prognosis, we com-
pared the expression levels of FLAD1 in BC and 
normal breast tissues in the Oncomine data-
base. Based on the cross-comparison of 19 
studies, we found that the expression of FLAD1 
is significantly elevated in BC tissue with a 
median rank of 567.0 and p-value = 0.007 
(Figure 9). We also investigated FLAD1 expres-
sion in different histopathologic subtypes of BC 
and found that FLAD1 expression was up-regu-

lated in ductal breast carcinoma in-situ (P < 
0.001), invasive ductal breast carcinoma (P < 
0.001), medullary breast carcinoma (P < 
0.001), and invasive lobular breast carcinoma 
(P < 0.001) (Figure 10).

The relationship between FLAD1 mRNA ex-
pression and clinicopathological features

Further attempts were made to clarify the rela-
tionship between FLAD1 overexpression and 
clinicopathological features such as age, recep-
tor status, histological grade, subtypes, and 
nodal invasion. The results suggested no sta-
tistical difference between the FLAD1 mRNA 
levels in patients > 51 years and < 51 years (P 
= 0.1582, Figure 11A). However, other clinical 
parameters were closely related to the FLAD1 
mRNA level. To begin with, FLAD1 mRNA levels 
were different in patients with different recep-
tor status: BC with negative PR (P < 0.001) and 
ER (P < 0.001) had higher levels of FLAD1 
mRNA, while the difference was insignificant in 
regard to HER2 express statuses (P = 0.1816) 
(Figure 11B-D); high mRNA levels of FLAD1 

Figure 7. The relationship between FLAD1 expression and the OS/RFS of different grades of BC after systematic 
treatment. The survival curve was generated using the Kaplan-Meier Plotter. The red curve represents patients with 
high FLAD1 expression; the black curve represents patients with low FLAD1 expression. A-C: OS of grade 1~3 BC. 
D-F: OS of grade 1~3 BC.
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were found in triple-negative BC patients (Fig- 
ure 11E). As for the Scarff Bloom & Richard- 
son (SBR) grade, a higher FLAD1 mRNA level 
was related to a higher histological grade of  
BC (P < 0.0001; between-group P < 0.0001) 
(Figure 11F). Moreover, different subtypes of 
BC had different FLAD1 mRNA levels, in brief: 
luminal A type had a lower FLAD1 mRNA level 
than any of the other three types (P < 0.001), 
while the difference among the other three 
types was not significant (P > 0.10) (Figure 
11G). The status of nodal invasion was not 
related to FLAD1 expression (P = 0.7714) 
(Figure 11H).

Discussion

FLAD1 (FAD1, FADS, PP591, or LSMFLAD) is 
the protein-coding gene for FAD synthetase. 
The human FLAD1 gene is located on the long 
arm of chromosome 1q21.3 and is expressed 
ubiquitously across all tissue types, with the 
highest expression level in lymph nodes, testis, 
and adipose tissue [7]. FAD-related enzymes 
constitute a considerable proportion of intra-
cellular proteins [15]. Consistent with this, they 
possess cellular functions including FAD bio-
synthesis, oxidation-reduction, and riboflavin 
metabolism [6]. A defect of the FLAD1 gene  

Figure 8. The relationship between FLAD1 expression and the OS/RFS of different nodal statuses after systematic 
treatment. The survival curve was generated using the Kaplan-Meier Plotter. The red curve represents patients 
with high FLAD1 expression; the black curve represents patients with low FLAD1 expression. A: OS of lymph node 
positive BC. B: OS of lymph node negative BC. C: RFS of lymph node positive BC. D: RFS of lymph node negative BC.
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Figure 9. FLAD1 expression is elevated in BC patients compared to normal breast tissue, according to heat map 
obtained from Oncomine database.

can result in metabolic disorders, such as 
MADDs [8]. Besides supporting the above cell 
functions, FAD synthetase has been identified 
as interacting with other genes, for example, 
ANXA7 [16], possibly unveiling a large-scale 
protein-protein interaction network.

FLAD1 has been found to correlate with not 
only metabolic syndromes but also the occur-
rence and development of cancers. Eeles et al. 
have identified FLAD1 as one of the common 
prostate cancer susceptibility loci [17]; Mitra et 
al. further investigated the relation between 
FLAD1 and non-small cell lung cancer and 
found significant differential expression of 
FLAD1 in recurrent tumors, suggesting that a 
high FLAD1 expression level might be a risk fac-
tor for tumor relapse [9]. Unfortunately, the 
expression of FLAD1 in BC has not been 
explored to date, leaving a gap in the research 
of BC biomarkers and prognosis. We first 
explored the Oncomine database and found 
that FLAD1 overexpression was correlated with 
a poor prognosis of BC. Moreover, our study 

suggested FLAD1 was overexpressed in BC and 
associated with the invasive clinicopathological 
features of BC.

We conducted survival analyses using FLAD1 
levels and observed excellent stratifying power 
in terms of OS, RFS, DMFS, and PPS. We fur-
ther subdivided the groups according to sub-
types, histological grades, and nodal status to 
testify whether FLAD1 predicts poor prognosis 
in different subgroups. No obvious relationship 
between FLAD1 and OS was observed in the 
four intrinsic subtypes, respectively. However, a 
worse RFS was observed with high FLAD1 level 
in luminal A, B, and basal-like BC. As previously 
discussed, the subtypes were derived predomi-
nantly according to the gene-expression profile 
of HR and HER2; our finding implied a possible 
crosstalk between FLAD1 level and oncogene 
expression of the tumor cell; more importantly, 
it served to stratify risk within each subtype. 
First, among the four intrinsic subtypes, the 
luminal A type is associated with the most 
favorable outcome, but there still remains a 
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Figure 10. FLAD1 expression was elevated in different histopathologic subtypes, including invasive ductal carcino-
ma, medullary breast carcinoma, ductal breast carcinoma in-situ, and invasive lobular breast carcinoma. The gene 
expression level was compared between a normal breast (left box) and cancer (right box). 

demand for more accurate stratification [18]; 
FLAD1 can be a potential prognostic marker to 
spare low-risk luminal A type BC patients from 
unnecessary endocrine and targeted thera-
pies. Secondly, the luminal B/HER2-enriched 
type responds well to an HER2 blockade com-
bined with chemotherapy [3]; FLAD1 expres-
sion can possibly identify patients in need of 
further intervention. Finally, basal-like type B, 
with basal or myoepithelial markers, has the 
worst prognosis [19] and accounts for up to 
15% of all BC [20]; it represents a heteroge-
neous group of BC that demands further clas-
sification. We confirmed FLAD1 could differenti-
ate the outcome of basal-like type BC patients, 
but whether FLAD1 is an independent prognos-
tic factor within each basal-like subtype 
remains to be explored.

Using the histological grade is an important 
method of describing tumor behavior. The 
Nottingham Grading System considers three 

aspects of tumor histology to grade BC: degree 
of differentiation, nuclear pleomorphism, and 
mitotic activity, with each given 1 to 3 points, 
adding up to a final score ranging from 3 to 9 
(3-5 points: grade 1, 6-7 points: grade 2, 8-9 
points: grade 3). This grading system is well 
established and recognized for BC risk stratifi-
cation: grade 3 BC cancer has a high incidence 
of relapse and early distal metastasis; mean-
while, although the behavior of grade 2 BC is 
intermediate during early follow-up, there is an 
obvious deterioration of outcomes after long-
term follow-up [21]. Our analysis suggested 
FLAD1 was associated with the OS and DMFS 
of grade 2 BC patients among all grades. While 
the underlying mechanism was unclear, it can 
potentially assist with the identification of high-
risk grade 2 BC patients and facilitate attentive 
follow-up and prompt intervention.

The lymph node status has a significant impact 
on the prognosis of BC [22]; however, it should 
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Figure 11. The FLAD1 mRNA expression level according to the clinicopathological features. Welch’s test was conduct ed for global differences and a p-value was 
generated for each group. Dunnett-Tukey-Kramar’s test was conducted where statistical differences existed (P < 0.05). A: FLAD1 mRNA expression level was not 
different in the > 51 and < 51 age groups. B-D: FLAD1 mRNA expression level was different with receptor status. E: FLAD1 mRNA expression level was different 
with triple-negative status. F: The FLAD1 mRNA expression level was different with each SBR grade. G: The FLAD1 mRNA expression level was different with each 
subtype. H: The FLAD1 mRNA expression level was not correlated to nodal status.
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be emphasized that lymph node status is only 
one manifestation of tumor metastasis and 
can often shift from negative to positive 
throughout its progression. We found that a 
high FLAD1 level indicated a poor OS and DMFS 
for the lymph node negative subgroup, but the 
correlation was not prominent in the lymph 
node positive group, one plausible explanation 
being that lymph node status is time-depen-
dent so that there is often a lag time between 
molecular changes and lymph node invasion 
[21]. With FLAD1 showing more capacity in the 
lymph node negative group, it may help identify 
high-risk patients from other lymph node nega-
tive patients and buy them more time for fur-
ther treatment.

After systematic treatment, the luminal A type 
had robust distinction on OS; FLAD1 was asso-
ciated with a worse RFS for luminal A and bas-
al-like BC. Regarding the histological grading, 
only grade 2 BC showed a statistical difference. 
Current endocrine therapy and chemotherapy 
mainly work by suppressing cell proliferation. 
FLAD1 promotes oxidation-reduction activity 
and is consistent with the energy demand dur-
ing cell proliferation; therefore, FLAD1-high 
tumors are more likely to resist proliferation 
suppression. According to the results, FLAD1 is 
a potential monitoring item during the system-
atic treatment for luminal BC, basal-like BC, 
and any grade 2 BC.

Our investigation of expression identified FL- 
AD1 overexpression in BC tissue. Specifically, 
FLAD1 expression was up-regulated across the 
board in ductal breast carcinoma in-situ, inva-
sive ductal breast carcinoma, medullary breast 
carcinoma, and invasive lobar breast carcino-
ma. Interestingly, the FLAD1 mRNA level varied 
in the different subtypes of BC. Our analyses 
suggested an elevated FLAD1 mRNA level was 
associated with negative ER and PR; triple-neg-
ative BC patients had higher expression levels 
of FLAD1 mRNA. This was consistent with our 
observation that luminal A type BC had a signifi-
cantly lower FLAD1 mRNA level than any of the 
other subtypes, especially the basal-like sub-
type. These results suggested a higher FLAD1 
mRNA level was associated with lower HR 
expression, indicating a poor response to en- 
docrine and molecular targeted treatment. 
Meanwhile, we observed that the FLAD1 mRNA 
level was positively correlated with the histo-

logical grade of BC, but the status of the nodal 
invasion was not relevant to the FLAD1 mRNA 
level. It is known that nodal invasion represents 
a tumor’s ability to metastasize, so we specu-
lated that FLAD1 contributed to the develop-
ment of BC predominantly by affecting differen-
tiation and proliferation instead of migration.

One limitation of this study was the lack of 
mechanism investigations. As it remains to be 
seen whether the FLAD1 pathway exerts unique 
impact on tumor cells other than flavin metabo-
lism, we were not able to explain but only 
hypothesize how FLAD1 was related to the poor 
prognosis of BC. Nevertheless, FLAD1 still 
offers a path forward towards a future BC risk 
assessment system.

Acknowledgements

This study was supported by grants from the 
National Natural Science Foundation of China 
(81672661), and the Guangdong Province 
Natural Science Foundation (2015A0303101- 
26), and Guangzhou Medical and Health Te- 
chnology Program (20161A011062).

Disclosure of conflict of interest

None.

Address correspondence to: Lihua Xu, Department 
of Hematology, The First Affiliated Hospital of 
Guangzhou Medical University, No.1 Kangda Road, 
Guangzhou 510230, Guangdong, PR China. Tel: 
+86-020-34297481; E-mail: xlhua@gzhmu.edu.cn

References

[1] Tao Z, Shi A, Lu C, Song T, Zhang Z and Zhao J. 
Breast cancer: epidemiology and etiology. Cell 
Biochem Biophys 2015; 72: 333-338.

[2] Ward EM, DeSantis CE, Lin CC, Kramer JL, Je-
mal A, Kohler B, Brawley OW and Gansler T. 
Cancer statistics: breast cancer in situ. CA 
Cancer J Clin 2015; 65: 481-495.

[3] Prat A, Pineda E, Adamo B, Galvan P, Fernan-
dez A, Gaba L, Diez M, Viladot M, Arance A and 
Munoz M. Clinical implications of the intrinsic 
molecular subtypes of breast cancer. Breast 
2015; 24 Suppl 2: S26-35.

[4] Liedtke C, Rody A, Gluz O, Baumann K, Beyer 
D, Kohls EB, Lausen K, Hanker L, Holtrich U, 
Becker S and Karn T. The prognostic impact of 
age in different molecular subtypes of breast 
cancer. Breast Cancer Res Treat 2015; 152: 
667-673.

mailto:xlhua@gzhmu.edu.cn


FLAD1 is overexpressed in breast cancer

3151 Int J Clin Exp Med 2019;12(4):3138-3152

[5] Li Y, Gao P, Yang J, Yu H, Zhu Y and Si W. Rela-
tionship between IL-10 expression and progno-
sis in patients with primary breast cancer. Tu-
mour Biol 2014; 35: 11533-11540.

[6] Barile M, Giancaspero TA, Leone P, Galluccio M 
and Indiveri C. Riboflavin transport and me-
tabolism in humans. J Inherit Metab Dis 2016; 
39: 545-557.

[7] Fagerberg L, Hallstrom BM, Oksvold P, Kampf 
C, Djureinovic D, Odeberg J, Habuka M, Tah-
masebpoor S, Danielsson A, Edlund K, Asplund 
A, Sjostedt E, Lundberg E, Szigyarto CA, Skogs 
M, Takanen JO, Berling H, Tegel H, Mulder J, 
Nilsson P, Schwenk JM, Lindskog C, Daniels-
son F, Mardinoglu A, Sivertsson A, von Feilitzen 
K, Forsberg M, Zwahlen M, Olsson I, Navani S, 
Huss M, Nielsen J, Ponten F and Uhlen M. Anal-
ysis of the human tissue-specific expression  
by genome-wide integration of transcriptomics 
and antibody-based proteomics. Mol Cell Pro-
teomics 2014; 13: 397-406.

[8] Auranen M, Paetau A, Piirila P, Pohju A, Salmi T, 
Lamminen A, Lofberg M, Mosegaard S, Olsen 
RK and Tyni T. Patient with multiple acyl- 
CoA dehydrogenation deficiency disease and 
FLAD1 mutations benefits from riboflavin ther-
apy. Neuromuscul Disord 2017; 27: 581-584.

[9] Mitra R, Lee J, Jo J, Milani M, McClintick JN, 
Edenberg HJ, Kesler KA, Rieger KM, Badve S, 
Cummings OW, Mohiuddin A, Thomas DG, Luo 
X, Juliar BE, Li L, Mesaros C, Blair IA, Sriran-
gam A, Kratzke RA, McDonald CJ, Kim J and 
Potter DA. Prediction of postoperative recur-
rence-free survival in non-small cell lung can-
cer by using an internationally validated gene 
expression model. Clin Cancer Res 2011; 17: 
2934-2946.

[10] Cheng K, Lee JS, Hao P, Yao SQ, Ding K and Li 
Z. Tetrazole-based probes for integrated phe-
notypic screening, affinity-based proteome 
profiling, and sensitive detection of a cancer 
biomarker. Angew Chem Int Ed Engl 2017; 56: 
15044-15048.

[11] Rhodes DR, Yu J, Shanker K, Deshpande N, 
Varambally R, Ghosh D, Barrette T, Pandey A 
and Chinnaiyan AM. ONCOMINE: a cancer mi-
croarray database and integrated data-mining 
platform. Neoplasia 2004; 6: 1-6.

[12] Jezequel P, Campone M, Gouraud W, Guerin-
Charbonnel C, Leux C, Ricolleau G and Campi-
on L. bc-GenExMiner: an easy-to-use online 
platform for gene prognostic analyses in breast 
cancer. Breast Cancer Res Treat 2012; 131: 
765-775.

[13] Adam Maciejczyk A. New prognostic factors in 
breast cancer. Adv Clin Exp Med 2013; 22: 
5-15.

[14] Marchler-Bauer A, Bo Y, Han L, He J, Lanczycki 
CJ, Lu S, Chitsaz F, Derbyshire MK, Geer RC, 

Gonzales NR, Gwadz M, Hurwitz DI, Lu F, 
Marchler GH, Song JS, Thanki N, Wang Z, Ya-
mashita RA, Zhang D, Zheng C, Geer LY and 
Bryant SH. CDD/SPARCLE: functional classifi-
cation of proteins via subfamily domain archi-
tectures. Nucleic Acids Res 2017; 45: D200-
D203.

[15] Galluccio M, Brizio C, Torchetti EM, Ferranti P, 
Gianazza E, Indiveri C and Barile M. Over-ex-
pression in Escherichia coli, purification and 
characterization of isoform 2 of human FAD 
synthetase. Protein Expr Purif 2007; 52: 175-
181.

[16] Huttlin EL, Bruckner RJ, Paulo JA, Cannon JR, 
Ting L, Baltier K, Colby G, Gebreab F, Gygi MP, 
Parzen H, Szpyt J, Tam S, Zarraga G, Pontano-
Vaites L, Swarup S, White AE, Schweppe DK, 
Rad R, Erickson BK, Obar RA, Guruharsha KG, 
Li K, Artavanis-Tsakonas S, Gygi SP and Harper 
JW. Architecture of the human interactome de-
fines protein communities and disease net-
works. Nature 2017; 545: 505-509.

[17] Eeles RA, Olama AA, Benlloch S, Saunders EJ, 
Leongamornlert DA, Tymrakiewicz M, Ghous-
saini M, Luccarini C, Dennis J, Jugurnauth-Lit-
tle S, Dadaev T, Neal DE, Hamdy FC, Donovan 
JL, Muir K, Giles GG, Severi G, Wiklund F, Gron-
berg H, Haiman CA, Schumacher F, Henderson 
BE, Le Marchand L, Lindstrom S, Kraft P, Hunt-
er DJ, Gapstur S, Chanock SJ, Berndt SI, Al-
banes D, Andriole G, Schleutker J, Weischer M, 
Canzian F, Riboli E, Key TJ, Travis RC, Campa D, 
Ingles SA, John EM, Hayes RB, Pharoah PD, Pa-
shayan N, Khaw KT, Stanford JL, Ostrander EA, 
Signorello LB, Thibodeau SN, Schaid D, Maier 
C, Vogel W, Kibel AS, Cybulski C, Lubinski J, 
Cannon-Albright L, Brenner H, Park JY, Kaneva 
R, Batra J, Spurdle AB, Clements JA, Teixeira 
MR, Dicks E, Lee A, Dunning AM, Baynes C, 
Conroy D, Maranian MJ, Ahmed S, Govindasa-
mi K, Guy M, Wilkinson RA, Sawyer EJ, Morgan 
A, Dearnaley DP, Horwich A, Huddart RA, Khoo 
VS, Parker CC, Van As NJ, Woodhouse CJ, 
Thompson A, Dudderidge T, Ogden C, Cooper 
CS, Lophatananon A, Cox A, Southey MC, Hop-
per JL, English DR, Aly M, Adolfsson J, Xu J, 
Zheng SL, Yeager M, Kaaks R, Diver WR, Gaud-
et MM, Stern MC, Corral R, Joshi AD, Shahabi 
A, Wahlfors T, Tammela TL, Auvinen A, Virtamo 
J, Klarskov P, Nordestgaard BG, Roder MA, 
Nielsen SF, Bojesen SE, Siddiq A, Fitzgerald 
LM, Kolb S, Kwon EM, Karyadi DM, Blot WJ, 
Zheng W, Cai Q, McDonnell SK, Rinckleb AE, 
Drake B, Colditz G, Wokolorczyk D, Stephenson 
RA, Teerlink C, Muller H, Rothenbacher D, Sell-
ers TA, Lin HY, Slavov C, Mitev V, Lose F, Sriniv-
asan S, Maia S, Paulo P, Lange E, Cooney KA, 
Antoniou AC, Vincent D, Bacot F, Tessier DC, 
Kote-Jarai Z and Easton DF. Identification of 23 



FLAD1 is overexpressed in breast cancer

3152 Int J Clin Exp Med 2019;12(4):3138-3152

new prostate cancer susceptibility loci using 
the iCOGS custom genotyping array. Nat Genet 
2013; 45: 385-391, 391e381-382.

[18] Lobbezoo DJ, van Kampen RJ, Voogd AC, 
Dercksen MW, van den Berkmortel F, Smilde 
TJ, van de Wouw AJ, Peters FP, van Riel JM, Pe-
ters NA, de Boer M, Borm GF, Tjan-Heijnen VC. 
Prognosis of metastatic breast cancer sub-
types: the hormone receptor/HER2-positive 
subtype is associated with the most favorable 
outcome. Breast Cancer Res Treat 2013; 141: 
507-514.

[19] Blows FM, Driver KE, Schmidt MK, Broeks A, 
van Leeuwen FE, Wesseling J, Cheang MC, Gel-
mon K, Nielsen TO, Blomqvist C, Heikkila P, 
Heikkinen T, Nevanlinna H, Akslen LA, Begin 
LR, Foulkes WD, Couch FJ, Wang X, Cafourek V, 
Olson JE, Baglietto L, Giles GG, Severi G, 
McLean CA, Southey MC, Rakha E, Green AR, 
Ellis IO, Sherman ME, Lissowska J, Anderson 
WF, Cox A, Cross SS, Reed MW, Provenzano E, 
Dawson SJ, Dunning AM, Humphreys M, 
Easton DF, Garcia-Closas M, Caldas C, Pharoah 
PD and Huntsman D. Subtyping of breast can-
cer by immunohistochemistry to investigate a 
relationship between subtype and short and 
long term survival: a collaborative analysis of 
data for 10,159 cases from 12 studies. PLoS 
Med 2010; 7: e1000279.

[20] Badve S, Dabbs DJ, Schnitt SJ, Baehner FL, 
Decker T, Eusebi V, Fox SB, Ichihara S, Jacque-
mier J, Lakhani SR, Palacios J, Rakha EA, Rich-
ardson AL, Schmitt FC, Tan PH, Tse GM, Wei-
gelt B, Ellis IO and Reis-Filho JS. Basal-like and 
triple-negative breast cancers: a critical review 
with an emphasis on the implications for pa-
thologists and oncologists. Mod Pathol 2011; 
24: 157-167.

[21] Rakha EA, Reis-Filho JS, Baehner F, Dabbs DJ, 
Decker T, Eusebi V, Fox SB, Ichihara S, Jacque-
mier J, Lakhani SR, Palacios J, Richardson AL, 
Schnitt SJ, Schmitt FC, Tan PH, Tse GM, Badve 
S and Ellis IO. Breast cancer prognostic classi-
fication in the molecular era: the role of histo-
logical grade. Breast Cancer Res 2010; 12: 
207.

[22] Carter CL, Allen C and Henson DE. Relation of 
tumor size, lymph node status, and survival in 
24,740 breast cancer cases. Cancer 1989; 63: 
181-187.


