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1.1. Quantification Cycle (Cq) and the Need for Lineralization  

 

The Cq (quantification cycle) values (previously referred to as Ct – threshold cycle or Cp – crossing 

point) represent the number of cycles that are required for the fluorescent signal to cross the threshold. The 

raw values obtained from and used by the PCR machine are not necessarily suggestive of the absolute 

quantity of template in terms of intergenic/inter-run comparisons, but in a simplified way, reflects the 

abundance of the individual template mRNA in wells [1,2]. As Livak et al., described, the raw Cq values 

are determined from a log linear plot of PCR signal vs the cycle number, thereby making Cq an exponential 

term rather than a linear term [3]. Ergo, for any gene expression analysis or comparisons it is necessary to 

convert the Cq values to a linear scale using the 2-Cq method [3].  

It is interesting to note that on an initial analysis of Table 1 (Section 2.1 of main text), one could argue 

that the mean Cq values of all genes in both cultures are very comparable to each other and hence the gene 

expression is stable for all genes in both cultures. However, equal raw Cq values does not necessarily imply 

that the gene expression is also uniform, it merely implies presence of nearly equal template mRNA in the 

wells. A 2x-3x fold significant difference between gene expression may still exist once the raw Cq values 

are converted to a linear scale.  

As shown by CV% analysis (Table 2; Section 2.2 of main text), the variance between gene expression in 

both cultures is evident and could otherwise have been overlooked in a case where raw Cq values were 

only considered. Furthermore, the 2-Cq analysis (Figure 1 and 2) also shows significant fold change for many 

genes over multiple passages (Supplementary table S1, see Additional file 1). The raw Cq values can, 

however, give information regarding the intragroup and intergroup variation, as a gene with low 

variations, both inter- and intra-group would have less Cq dispersion [4]. Also, the use of Cq values can be 

done on semi-quantitative basis whereby a comparison simply indicates that there were fewer/more copies 

of gene A than gene B in a well. 

 

1.2. Selecting the Algorithms and Calculations for Validation and Selection of Reference Genes 

 

A pivotal aspect in any gene expression related study is the selection of the most appropriate and 

accurate reference gene/s. Given the widespread availability of tools and algorithms including web-based 

platforms (RefFinder) and stand-alone or R-based algorithms (geNorm, BestKeeper, NormFinder etc.), it 

becomes difficult for researchers without in-depth mathematical background to choose the appropriate 

software based on their experimental needs. 

Each algorithm has been reported to have their own advantages and disadvantages that could render 

variable results depending on the specific experimental conditions. Considering the limitations and merits 

of all the algorithms, Sundaram et al. [5], suggested to use an approach that involves using CV% analysis 

(calculated from 2-Cq linearized values) along with 2-Cq analysis (with calibrator) supported with ANOVA 

(or Kruskal Wallis test) to roughly estimate the stable reference genes. They also suggest using NormFinder 

to analyze the stability of the genes and conclude the best pair/s of reference genes. Lastly, it was 



recommended following the selected pair/s further by analyzing the normalized profile of the target gene/s 

(gene of interest) to validate the selection. 

Since determining suitable reference genes for every sub-clone or sub-type of MCF-7 cell line is not 

practically and economically viable, we suggest that the strategy outlined by Sundaram et al. [5] can be 

employed. We suggest supplementing the methodology with TCGA analysis for bolstering the selection. 

 

1.3. Choosing the Workflow for TCGA Analysis   

 

Most samples in TCGA were originally aligned against the Genome Reference Consortium build 

GRCh37 (hg19) or the “legacy” dataset [6]. However, with advances in technology and drop in sequencing 

costs, GDC (Genomic Data Commons – conceived by NCI) undertook harmonization efforts to align the 

data to GRCh38 (hg38) build (“harmonized” dataset). The workflow for generating RNA-Seq data in both 

legacy and harmonized dataset differs substantially [6] leading to introduction of bias between the hg19 

and hg38 abundance estimates. However, Gao et al., [6] demonstrated that excellent concordance exists 

between the two workflows in relation to BRCA PAM50 subtypes. Furthermore, they reported that relative 

change between conditions is preserved across all subtypes of BRCA PAM50. Hence, in the present study, 

the legacy dataset was accessed and analyzed for comparing the expression profiles of the reference genes. 

 

1.4. Normalization in Nutrient Stress  

 

In the present study we compared the fold change in expression of reference genes when the MCF-7 

cells are cultured in different growth media, enriched with different supplements. Additional Tables 1-4 

enlist the stability ranking of the reference genes in the four stress cultures – B5, D5, E5 and R5, respectively. 

The least variable genes in these cultures were CCSER2-PUM1-SF3A1 in B5, PUM-SF3A1-HNRNPL in D5, 

HSPCB-PGK1-RNA28S in E5 and PGK1- HSPCB-SF3A1 in R5. Clearly at the other end of the spectrum, the 

genes to be constantly ranked most variable included ACTB and GAPDH in B5, D5 and R5. In E5, CCSER2 

and HNRNPL were ranked most variable. The ranking obtained from the nutrient stress shows that the 

stability of the reference genes is not uniform in varying growth media supplements.  

ACTB, a commonly employed reference gene is certainly not the best reference gene in MCF-7 cell line 

and should not be employed for gene of interest normalization, at least not as a single internal control. It 

was found to be close to or violating the cutoff for CV% analysis (CV< 50%), rendering it out as a choice for 

internal control. Our analysis revealed CV% of 48.35 (B5), 58.71 (D5) and 46.12 (R5) for ACTB. Furthermore, 

the fold change for ACTB violated the < 2-fold change cutoff in all culturing conditions (Supplementary 

Table S14; see Additional File 1). GAPDH, another commonly used internal control also seems to follow the 

footsteps of ACTB. It violated the CV% cutoff in cultures B5 (51.99) and D5 (58.71) with > 2-fold change in 

culture E5. Indeed, a strong case for variability of gene expression of GAPDH is evident from the present 

analysis and we strictly advice against using GAPDH as a single internal control (unless tested 

experimentally using comprehensive reference gene matrix).  



Although GAPDH is not a suitable candidate alone, our analysis in triplet pair of GAPDH-PCBP1-

CCSER2 (as shown in Figure 9), showed successful normalization of fold change in gene expression of both 

KRT19 and AURKA (genes of interest), indicating potential application of GAPDH in association with other 

reference genes. Furthermore, the normalized fold change for both genes of interest was under the 

suggested cutoff (< 2) and was found to be statistically non-significant, bolstering the wide range ability of 

the triplet pair to successfully handle variations in gene expression.  

Albeit out of the scope of the present study, a non-exhaustive list of the effects of different supplements 

on cell growth/ culturing is shown in Additional Table 5 to provide the readers with a broader image of 

the role these supplements can play in influencing reference gene expression and stability. Further in-depth 

and comprehensive studies are required to observe the individual effects of these supplements on reference 

genes (a work in progress by various research groups) to postulate or conclude an explanation for the 

variance in gene expression obtained in the present study. 

 

1.5. Insight into Other Culturing Conditions (Literature Review)  

 

Parab et al. [7] studied the gene expression of five reference genes in three breast cancer cell lines (MCF-

7, MDA-MB-231 and BT474) which underwent progesterone treatment. They concluded PUM1 and PSMB2 

(Proteosome 20S Subunit β2) as the most stable gene pair across all three cell lines. Use of PUM1 as an 

internal control has been recommended by many authors in the past [7-9]. However, it is important to point 

out that the Parab et al. study lacked control cultures (without progesterone treatment) with differences in 

growth media and supplements when compared with the present study. Furthermore, the reference genes 

identified were not employed for normalization of genes of interest. In our analysis, PUM1 was found to 

be amongst top 5 when evaluated in culture A1/A2 and was not found to violate the fold change in all 

nutrient stress cultures (although its fold change between passages in cultures A1/A2 was found to be 

significant). In our analysis, genes clearly better than PUM1 had been identified, but we could recommend 

PUM1 as another potential candidate (although its stability would need to be validated first before use). 

 In a different treatment, reference genes were identified in apoptosis induced MCF-7 cells treated with 

salicylic acid, either in the presence or absence of a heat shock [10]. They identified HIST (Histone 2A) and 

YWHAZ (Tyrosine 3-monooxygenase/trytophan 5 monooxygenase activation protein, 14-3-3) as the most 

stable gene pair. They identified ACTB as a third potential candidate however, reported against the use of 

GAPDH as an internal control. Their study did have a negative control (untreated MCF-7 cells), but didn’t 

report on individual ranking (only cumulative ranking was provided). Furthermore, they suggested 

against RNA18S as an internal control, a suggestion that gains our support as well.  

Gene expression in Doxorubicin (chemotherapy drug) resistant MCF-7 cells has also been investigated 

[11]. The researchers found that many phase I/II metabolizing genes (including CYPs) are upregulated 

along with drug efflux pump genes. Meanwhile, cell cycle associated genes, DNA repair genes and p53 

signaling pathway genes were found to be downregulated [11], showcasing the wide spectrum of 

adaptability shown by MCF-7 cells.  



 Manipulating the availability of serum for varying time periods is a common laboratory practice in 

molecular biology. It may serve as the impetus for increasing homogeneity of culture and uniformity of 

growing conditions when preparing cells for experiment or could constitute an experiment per se [12,13]. 

Hence, effects of FBS (serum) availability (serum free and 10% FBS) on reference gene expression has also 

been studied in other cell lines like colon adenocarcinoma [13]. The authors concluded 

PPIA/RPLP0/SDHA (Peptidylprolyl isomerase 1/ Ribosomal protein lateral stalk subunit P0/ Succinate 

dehydrogenase complex flavoprotein subunit A) as the most stable triplet for normalization in colon 

adenocarcinoma cell lines whilst ranking ACTB and PGK1 amongst the least stable genes. 

Das et al. [14] identified endogenous controls for miRNA quantification in six cancer cell lines including 

MCF-7 cell line (others included cervical, colon, lung, etc.). They identified miR-25-3p as the single most 

suitable reference gene across the cell lines whilst miR-25-3p-miR-93-5p pair was reported as the best 

endogenous group. In another study Karimi et al. [15] studied the effects of silver nanotoxicity on reference 

gene expression in MCF-7 cells. They concluded TBP-GAPDH (TATA box binding protein) as the most 

stable pair for normalization of gene expression in MCF-7 cells that underwent silver nanotoxicity. Effects 

of Melatonin hormone (N-acetyl‑5-methoxytryptamine) on MCF-7 cells have also been investigated [16]. 

ACTB-GAPDH pair had been identified as the most stable pair in MCF-7 cells that were treated with 

melatonin [16].  

 UBC (Ubiquitin C) and YWHAZ have been identified as the most suitable reference genes in MCF-

7 cells cultured in both control and treatment conditions (treated with DNA demethylating agent, 5-aza-

deoxycytidine, and a histone deacetylase inhibitor, Trichostatin A) [17]. They found that both GAPDH-

ACTB are not stably expressed in treatment groups. Finally, Lazaro and Kostarelos [18] reported the change 

in reference gene expression in MCF-7 cells when exposed to graphene oxide sheets. They reported that 

exposure to graphene oxide sheets altered reference gene expression, including that of ACTB and GAPDH 

and concluded with the importance of performing a reference gene matrix analysis that is specifically 

determined according to defined experimental conditions. These may include, but are not be limited to, 

physicochemical characteristics of the material, dose, exposure conditions and cell type of interest [18]. 

However, it is interesting to note that preservation of GAPDH expression upon altered conditions has been 

reported for human umbilical vein endothelial cells (HUVECs) grown under hyperglycemic conditions 

[19], chondrocytes cultured at different temperatures [20] or blood cells subjected to radiation [21]. 

 

1.6. Validation of Expression Fold Change at Different Time Points  

 

To further provide proof of concept, we analyzed the fold change in the expression of select reference 

genes from our 12 genes in control conditions (A1/A2) using RT-qPCR at different time points and 

essentially in two different plates (using 2-Cq method; refer to Additional File 5 – Calculations for Section 

2.15). Apart from GAPDH, PCBP1, CCSER2 we analyzed RNA28S (because it was one of the stable genes 

in culture A2), ACTB (commonly used reference gene), RNA18S and RPL13A (both because they were 

ranked consistently at most variable in cultures A1 and A2). As shown in Additional Table 6, all reference 



genes upon repeat qPCR reaction managed to stay below the cutoff of < 2-fold change (illustrating the fact 

that cDNA isolated was of sufficient quality and preserved appropriately and ergo, the changes in reference 

gene expression reported didn’t arise from methodological errors).  

PCBP1 and CCSER2 showed the least variations in expression fold change (F.C. = 0.812 and 0.931 

respectively). GAPDH was outranked by other genes – RNA18S, RPL13A and ACTB in both culture A2 and 

overall MCF-7 cell line however, in culture A2, GAPDH was ranked as third least variable gene. Finally, 

we looked upon the expression fold change of the triplet GAPDH-PCBP1-CCSER2. The triplet showed a 

minimum fold change in expression i.e. 1.01x-fold change which shows that the triplet overall remains very 

stable in terms of gene expression even if the qPCR reactions are repeated at different time points. 

 

1.7. Generalizability of the Results from Present Study  

 

The present study reports an exhaustive and extensive overview of the stability of reference genes 

studied over multiple passages in two biological sub-clone (replicate) cultures as well MCF-7 cells cultured 

in four different nutrient stress conditions. It is evident from prior studies that even the slightest change in 

culturing conditions can lead to substantial and significant changes in reference gene expression in MCF-7 

cell line. Hence, a universal gene pair that is optimized to handle the expression variances in the cell line is 

yet to be determined and proved. With the present study, GAPDH-PCBP1-CCSER2 triplet pair proves its 

utility in optimizing the expression of genes of interest in both control and different nutrient stress 

environments. Nevertheless, more detailed analysis is required (despite the detailed analysis of the present 

study) to test the gene pairs in different culturing conditions like hypoxia, melanin exposure, etc. The triplet 

needs to be tested in established drug resistant MCF-7 sub-lines as well as an inter-laboratory assay to 

confirm the results from our study. These are also recommended as topics for further exploration. Finally, 

as stated by Lazaro and Kostarelos [18], “the magnitude and nature of the changes induced (by different 

culturing conditions) vary between different cell types and therefore reference gene validation cannot be 

extrapolated but must be specifically determined according to defined experimental conditions” gains our 

support as well. 

 

 

 

 

 

 

 

 



Additional Table 1. Comprehensive analysis of candidate reference gene ranking in Culture B5 

(Nutrient Stress) 

CV% NormFinder GeNorm 

Candidate 

Gene 
CV% Rank 

Candidate 

Gene 

Group 

S.D 
Rank 

Candidate 

Gene 

Stability 

value M 
  Rank 

CCSER2 3.552 1 CCSER2 0.034 1 CCSER2 0.068 1 

PUM1 4.788 2 PUM1 0.034 1 PUM1 0.068 1 

SF3A1 5.169 3 SF3A1 0.045 2 SF3A1 0.083 2 

HNRNPL 8.631 4 HNRNPL 0.077 3 HNRNPL 0.100 3 

PCBP1 10.113 5 PCBP1 0.134 4 PCBP1 0.114 4 

RPL13A 11.823 6 RPL13A 0.138 5 RNA18S 0.148 5 

HSPCB 18.615 7 HSPCB 0.289 6 RNA28S 0.171 6 

RNA18S 19.450 8 RNA18S 0.289 6 RPL13A 0.192 7 

RNA28S 20.172 9 RNA28S 0.223 7 HSPCB 0.238 8 

PGK1 21.151 10 PGK1 0.314 8 PGK1 0.267 9 

ACTB 48.383 11 ACTB 0.829 9 ACTB 0.364 10 

GAPDH 51.989 12 GAPDH 0.839 10 GAPDH 0.448 11 

BestKeeper Comparative ΔCt RefFinder 

Candidate 

Gene 
S.D Rank 

Candidate 

Gene 

Average 

S.D 
Rank 

Candidate 

Gene 
Geomean Rank 

CCSER2 0.041 1 CCSER2 0.300 1 CCSER2 1.000 1 

PUM1 0.051 2 SF3A1 0.300 1 PUM1 1.860 2 

SF3A1 0.060 3 PUM1 0.310 2 SF3A1 2.710 3 

HNRNPL 0.096 4 PCBP1 0.330 3 HNRNPL 4.230 4 

RPL13A 0.099 5 HNRNPL 0.330 3 PCBP1 4.950 5 

PCBP1 0.116 6 RPL13A 0.360 4 RPL13A 6.610 6 

RNA28S 0.188 7 RNA18S 0.410 5 RNA18S 7.420 7 

HSPCB 0.243 8 RNA28S 0.410 5 RNA28S 7.710 8 

RNA18S 0.247 9 HSPCB 0.440 6 HSPCB 8.210 9 

PGK1 0.265 10 PGK1 0.460 7 PGK1 10.000 10 

ACTB 0.665 11 ACTB 0.850 8 ACTB 11.000 11 

GAPDH 0.682 12 GAPDH 0.870 9 GAPDH 12.000 12 

 

 

 

 

 

 

 

 



Additional Table 2. Comprehensive analysis of candidate reference gene ranking in Culture D5 

(Nutrient Stress) 

CV% NormFinder geNorm 

Candidate 

Gene 
CV% Rank 

Candidate 

Gene 

Group 

S.D 
Rank 

Candidate 

Gene 

Stability 

value M 
  Rank 

PUM1 3.564 1 PCBP1 0.061 1 HNRNPL 0.046 1 

SF3A1 3.717 2 SF3A1 0.062 2 SF3A1 0.046 1 

HNRNPL 4.654 3 CCSER2 0.073 3 PUM1 0.058 2 

PCBP1 7.712 4 PUM1 0.090 4 PCBP1 0.092 3 

RNA28S 10.741 5 HNRNPL 0.094 5 RNA28S 0.136 4 

CCSER2 11.494 6 RNA28S 0.240 6 RPL13A 0.158 5 

RPL13A 12.125 7 RPL13A 0.301 7 PGK1 0.180 6 

PGK1 16.579 8 RNA18S 0.316 8 HSPCB 0.193 7 

HSPCB 17.284 9 PGK1 0.384 9 CCSER2 0.208 8 

RNA18S 31.062 10 HSPCB 0.399 10 RNA18S 0.262 9 

GAPDH 52.211 11 GAPDH 0.735 11 GAPDH 0.363 10 

ACTB 58.705 12 ACTB 0.795 12 ACTB 0.441 11 

BestKeeper Comparative ΔCt RefFinder 

Candidate 

Gene 
S.D Rank 

Candidate 

Gene 

Average 

S.D 
Rank 

Candidate 

Gene 
Geomean Rank 

PUM1 0.034 1 PUM1 0.310 1 SF3A1 1.680 1 

SF3A1 0.041 2 SF3A1 0.310 1 PUM1 1.860 2 

HNRNPL 0.053 3 HNRNPL 0.310 1 HNRNPL 2.570 3 

PCBP1 0.082 4 PCBP1 0.320 2 PCBP1 2.830 4 

RNA28S 0.129 5 CCSER2 0.340 3 CCSER2 5.330 5 

CCSER2 0.135 6 RNA28S 0.360 4 RNA28S 5.480 6 

RPL13A 0.145 7 RPL13A 0.380 5 RPL13A 6.740 7 

PGK1 0.212 8 PGK1 0.430 6 PGK1 7.970 8 

HSPCB 0.224 9 HSPCB 0.440 7 HSPCB 8.970 9 

RNA18S 0.356 10 RNA18S 0.480 8 RNA18S 9.460 10 

ACTB 0.734 11 GAPDH 0.780 9 GAPDH 11.240 11 

GAPDH 0.734 11 ACTB 0.830 10 ACTB 11.740 12 

 

 

 

 

 

 

 

 



Additional Table 3. Comprehensive analysis of candidate reference gene ranking in Culture E5 

(Nutrient Stress) 

CV% NormFinder geNorm 

Candidate 

Gene 
CV% Rank 

Candidate 

Gene 

Group 

S.D 
Rank 

Candidate 

Gene 

Stability 

value M 
  Rank 

RPL13A 16.378 1 PGK1 0.025 1 PCBP1 0.051 1 

HSPCB 16.937 2 PCBP1 0.043 2 PUM1 0.051 1 

RNA28S 17.234 3 PUM1 0.050 3 PGK1 0.060 2 

GAPDH 17.718 4 ACTB  0.058 4 RNA28S 0.068 3 

PGK1 19.787 5 RNA28S 0.065 5 ACTB 0.074 4 

RNA18S 20.420 6 SF3A1 0.097 6 RPL13A 0.084 5 

PUM1 21.169 7 HSPCB 0.102 7 HSPCB 0.093 6 

ACTB 21.615 8 RPL13A 0.108 8 RNA18S 0.098 7 

PCBP1 22.403 9 RNA18S 0.115 9 SF3A1 0.107 8 

SF3A1 26.201 10 CCSER2 0.139 10 GAPDH 0.116 9 

CCSER2 28.651 11 GAPDH 0.142 11 CCSER2 0.125 10 

HNRNPL 30.186 12 HNRNPL 0.185 12 HNRNPL 0.137 11 

BestKeeper Comparative ΔCt RefFinder 

Candidate 

Gene 
S.D Rank 

Candidate 

Gene 

Average 

S.D 
Rank 

Candidate 

Gene 
Geomean Rank 

GAPDH 0.201 1 PGK1 0.100 1 PGK1 2.060 1 

HSPCB 0.208 2 PCBP1 0.110 2 PCBP1 2.450 2 

RPL13A 0.210 3 PUM1 0.110 2 PUM1 2.820 3 

RNA28S 0.224 4 RNA28S 0.110 2 RNA28S 4.230 4 

RNA18S 0.241 5 ACTB 0.120 3 HSPCB 4.920 5 

PGK1 0.262 6 HSPCB 0.140 4 ACTB 5.320 6 

PUM1 0.279 7 SF3A1 0.140 4 RPL13A 5.830 7 

ACTB 0.283 8 RPL13A 0.140 4 GAPDH 5.900 8 

PCBP1 0.294 9 RNA18S 0.140 4 RNA18S 7.540 9 

SF3A1 0.346 10 CCSER2 0.170 5 SF3A1 7.840 10 

HNRNPL 0.380 11 GAPDH 0.170 5 CCSER2 10.720 11 

CCSER2 0.381 12 HNRNPL 0.200 6 HNRNPL 11.740 12 

 

 

 

 

 

 

 

 



Additional Table 4. Comprehensive analysis of candidate reference gene ranking in Culture R5 

(Nutrient Stress) 

CV% NormFinder GeNorm 

Candidate 

Gene 
CV% Rank 

Candidate 

Gene 

Group 

S.D 
Rank 

Candidate 

Gene 

Stability 

value M 
  Rank 

HSPCB 2.725 1 PGK1 0.028 1 SF3A1 0.011 1 

PGK1 5.855 2 HSPCB 0.032 2 HNRNPL 0.011 1 

RNA28S 9.954 3 RNA28S 0.116 3 PCBP1 0.048 2 

PUM1 11.058 4 PUM1 0.178 4 CCSER2 0.061 3 

SF3A1 13.820 5 RNA18S 0.203 5 PUM1 0.075 4 

HNRNPL 14.104 6 SF3A1 0.225 6 HSPCB 0.117 5 

PCBP1 14.473 7 HNRNPL 0.231 7 PGK1 0.138 6 

RNA18S 15.072 8 PCBP1 0.239 8 RNA28S 0.170 7 

CCSER2 16.024 9 CCSER2 0.268 9 RNA18S 0.208 8 

GAPDH 19.299 10 GAPDH 0.278 10 GAPDH 0.237 9 

RPL13A 19.937 11 RPL13A 0.313 11 RPL13A 0.263 10 

ACTB 46.120 12 ACTB 0.634 12 ACTB 0.329 11 

BestKeeper Comparative ΔCt RefFinder 

Candidate 

Gene 
S.D Rank 

Candidate 

Gene 

Average 

S.D 
Rank 

Candidate 

Gene 
Geomean Rank 

HSPCB 0.030 1 HSPCB 0.240 1 HSPCB 1.860 1 

PGK1 0.064 2 PGK1 0.250 2 PGK1 2.300 2 

RNA28S 0.090 3 PUM1 0.270 3 SF3A1 3.500 3 

PUM1 0.140 4 RNA28S 0.280 4 PUM1 3.940 4 

SF3A1 0.179 5 SF3A1 0.280 4 HNRNPL 3.980 5 

HNRNPL 0.184 6 HNRNPL 0.280 4 RNA28S 4.120 6 

PCBP1 0.188 7 PCBP1 0.290 5 PCBP1 5.860 7 

RNA18S 0.197 8 CCSER2 0.310 6 CCSER2 7.140 8 

CCSER2 0.206 9 RNA18S 0.320 7 RNA18S 7.540 9 

GAPDH 0.217 10 GAPDH 0.370 8 GAPDH 10.000 10 

RPL13A 0.244 11 RPL13A 0.390 9 RPL13A 11.000 11 

ACTB 0.512 12 ACTB 0.660 10 ACTB 12.000 12 

 

 

 

 

 

 

 

 



Additional Table 5. Effects of supplements in cell growth and/or gene expression 

Supplement** Effects in Cell Culture and Growth*** Studied in MCF-7 

Cell Line 

References 

FBS 

• Increase in number of viable cells  

• Drives cells into S phase of cell cycle 

 

Yes 22 

Pen/Strep 

• Antibiotic effect (to maintain sterility) 

• Modest decrease in cell viability (≤ 2 FC) 

• Cytotoxic effect on mammalian cells 

(even at recommended concentrations) 

• Affects cell differentiation 

• Can induce global change in gene 

expression 

• Downregulates mainly chaperons, 

turnover and cytoskeletal proteins 

• Downregulates CFL-1 (cofilin) & ACTB  

 

Yes 23 – 28  

Insulin (I) 

 

 

• Increases viability, proliferation of cells 

• Enhances invasion by cells 

• Upregulates IRS1  

• Activates RAS/Raf/ERK pathway  

• Sensitizes cells to cytotoxic therapy  

• Lowers levels of ERs in cells without 

affecting binding affinity 

• Causes loss of nuclear MIER1α 

(transcriptional tumor repressor)   

• Stimulates phosphoprotein synthesis  

• Shortens G1 phase of cell cycle 

 

Yes 

 

MCF-7 cell line is 

dependent on 

insulin for 

propagation 

(Soule et al., 1973) 

29 – 36 

Hydrocortisone 

• Augments insulin effects on total protein 

and RNA accumulation 

 

Yes 37 

Epidermal G.F. 

(EGF) 

• Stimulates cell growth 

• Increases S-phase recruitment 

• Increases intracellular GSH 

Yes 38 – 45   



• Stimulates DNA synthesis (?); high 

concentrations shown to inhibit DNA 

synthesis completely 

• Induces cell motility 

• Induces multi-drug resistance 

• Upregulates pS2 and Cathepsin-D gene 

expression (TFF1 and CTSD 

respectively) 

 

Long-term exposure effects (in-vitro) of EGF 

and/or 17β estradiol (E2): 

• Enhanced cell proliferation 

• Mammo-sphere formation 

• Increased CD44+/CD24- cell ratio 

• Altered responses to short term 

treatment with EGF, E2 etc. 

17β – Estradiol 

• Direct mitogenic effect on MCF-7 cells 

• Responsiveness dependent on secretion 

of autocrine factor activating IGF-IR 

• Strain dependent response 

• Induces proliferation and migration 

• Attenuates expression of mfn2 

(mitofusion 2) 

 

Yes 46 – 50 

HEPES 

• Is up taken in intracellular compartment 

• Removal can require > 4 days from 

intracellular compartment 

• Can alter intracellular pH (?) 

• Can be used for enhancing protein 

transfection 

• Compensates reduced buffer capacity in 

low serum media 

• Independent of CO2 atmosphere 

 

Adverse effects (not investigated in MCF-7): 

• Forms H2O2 on light exposure 

• Stimulates cytotoxic O2 metabolites 

formation 

Yes 51 – 60  



• Can interact with anion channels 

• Induces vacuolization  

• Activates lysosomal transcription factors 

 

Transferrin 

• Stimulatory effects (although less 

pronounced when compared with 

insulin) 

• Stimulatory effect may be due to 

hormonal contaminant in preparations 

of transferrin (?) 

 

Yes 61 – 62  

T3 

• Stimulates cell proliferation (?) 

• Dose dependent effects 

• Potentiates effects of E2 

• Has been shown to induce apoptosis in 

MCF-7 cells by repressing SMP30 gene 

• Upregulates expression of TGFA and 

HIF1A 

 

Yes 63 – 68   

Se 

• Inhibits cell growth and proliferation 

• Low conc. – increases level of 

antioxidant GSH 

• High conc. – increases level of ROS 

• Pro-oxidant catalyst 

• Can cause beclin-1 transcriptional 

inhibition linked to HSP90 and nuclear 

factor kappa B 

• Decreases amount and mRNA of ER-α 

• Increases conc. of PR and pS2 mRNA 

expression 

Yes 69 – 74  

Cholera toxin 

• Increases intracellular cAMP 

• Enhanced cellular proliferation (?) 

• Synergism with 17β-Estradiol (?) 

Yes 75 – 76   

* (?) – indicates conflicting or unproved hypothesis/reports in the literature. **FBS – Fetal Bovine Serum; Pen/Strep – 

Penicillin/Streptomycin; Epidermal G.F. – Epidermal Growth Factor; HEPES - (4-(2-hydroxyethyl)-1-

piperazineethanesulfonic acid); T3 - 3,3′,5-triiodo-l-thyronine; Se—sodium selenite. ***FC – fold change; IRS1 – Insulin 

Receptor Substrate 1; ERs – Estrogen Receptor; GSH – Glutathione; SMP30 – Senescence marker protein 30 ; TGFA – 

transforming growth factor α; HIF1A – Hypoxia inducing factor; ROS – reactive oxygen species; PR- progesterone 

receptor   



Additional Table 6. Expression fold change of select reference genes when qPCR reaction is repeated at 

different time point 

Reference 

gene 

Culture A1 Culture A2 MCF-7 Cell Line (A1+A2) 

Expression 

fold change 
Ranking 

Expression 

fold change 
Ranking 

Expression 

fold change 
Ranking 

ACTB 1.331 5 1.263 4 1.291 4 

GAPDH 1.565 7 1.198 3 1.316 6 

CCSER2 0.799 1 1.040 2 0.931 2 

PCBP1 1.006 2 0.719 1 0.812 1 

RNA18S 1.124 3 1.286 6 1.208 3 

RNA28S 1.482 6 1.552 7 1.523 7 

RPL13A 1.315 4 1.280 5 1.292 5 

GAPDH/ 

CCSER2/ 

PCBP1 

1.077 - 0.972 - 1.010 - 
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