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Abstract

:

Epigenetic modulation of DNA and histones facilitated by and histone deacetylases (HDAC) is associated with the development and progression of many cancers, although less is known about DNA methyltransferase (DNMT) in oral cancers and the regulation of these targets. Using commercially available cell lines, oral squamous cell carcinomas (SCC4, SCC9, SCC15, SCC25, and CAL27), and normal gingival fibroblasts (HGF-1), growth assays and mRNA expression were evaluated using ANOVA. These results revealed homeostasis enzyme DNMT1 expression was significantly higher among slow-growing HGF-1 cells than among fast-growing oral cancers, p < 0.05. In contrast, DNMT3A and DNMT3B expression was significantly higher among oral cancers compared with HGF-1 cells, p < 0.05. However, differential expression of HDAC1 and HDAC2 was observed among SCC4, SCC25, and CAL27 cells. Further analysis of miR-152 (regulation and control of DNMT expression) and miR-21, miR-221, and miR-145 (regulation of HDAC expression) revealed all oral cancers produced miR-21, but none produced miR-221. However, differential expression of miR-145 (SCC15) and miR-152 (SCC25) suggested alternative epigenetic pathways and mechanisms of DNMT and HDAC regulation may be responsible for some of the observations revealed in this study.
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1. Introduction


Dysregulations of DNA methylation facilitated by DNA methyltransferase (DNMT) are associated with the development and progression of many types of cancers [1,2]. Although the initiation and progression process of cancers was traditionally considered a syndrome of genetic disorders, such as mutations, deletions, and insertions, more complete and thorough analysis has revealed that epigenetic modifications including DNA methylation and demethylation may be central to the pathogenesis of subsequent DNA mutations, deletions, and other modifications and may also contribute to the phenotypes and behaviors of developing cancer lesions and tumors [3,4,5]. Much of the focus of these research studies has been the downregulation of DNMT-1 responsible for the maintenance of differentiation and homeostasis as well as the upregulation of DNMT-3 family members associated with dedifferentiation and changes to DNA methylation and associated disorders [6,7,8].



More specifically, DNMT-1 is an important regulator of homeostasis, functioning to recognize hemi-methylated DNA during mitosis to maintain tissue-differentiation status among cells undergoing replication for wound healing, repair, or normal cellular turnover [9,10]. However, dysfunction of DNMT-1 may often be observed as a hallmark of many types of cancer, suggesting this may be a key factor in the development and progression of many varied tumors [11,12,13]. Therefore, an understanding of how and when DNMT-1 may be dysfunctional and dysregulated may be critical to assist clinicians and oral health researchers to develop targeted therapies that seek to impair DNMT-1 inhibitors or restore DNMT-1 function [14,15,16].



In contrast, DNMT-3 family members are primarily responsible for DNA demethylation and DNA methyltransferase activity as well as de novo DNA methylation and other functions associated with early embryonic development and implantation [17,18,19]. Reactivation and engagement of DNMT-3 family members has become another hallmark of cancer development and progression, triggering many avenues of research to determine the mechanisms and pathways responsible for this type of epigenetic modification within tumors [20,21,22]. However, both DNMT-1 and DNMT-3 family members also interact with and mediate the activity of multiple histone acetyltransferases (HATs) and histone deacetyltransferases (HDACs) [23,24].



The depth and breadth of research regarding HDACs in cancer has grown extensively in recent years, with multiple HDAC inhibitors approved for the treatment of differing types of cancer, including Vorinostat, Belinostat, Panobinostat, and Romidepsin [25,26,27]. Many studies have demonstrated clinical efficacy in the treatment of certain types of cancer using HDAC inhibitors with side effects that are often less severe, while other unintended positive effects on other organ systems, such as the cardiovascular system, have been noted [28,29,30]. However, the research regarding epigenetic modifications and alterations in some types of cancer, such as oral cancer, has only more recently started to develop more substantially [31,32,33].



For example, much less is known specifically about the dysfunction of DNMT-1 in oral cancers, although some evidence strongly suggests this may be an important prognostic and diagnostic indicator for oral squamous cell carcinomas [34,35]. Even less information is available regarding DNMT-3 in oral cancers, although some evidence now suggests that microRNAs may be involved in their activation within some oral cancers, including miR-152 [36,37]. More is known about HDACs and their role in the development and progression of oral squamous cell carcinoma as well as their regulation in many types of cancer by microRNAs miR-21, miR-221, and miR-145, although the interactions and pathways that intersect with DNMT-1 or DNMT-3 expression remain unclear [38,39,40].



Based upon the paucity of information regarding DNMT1 and DNMT3 in oral cancers, this study sought to assess expression of DNMT-1 and DNMT-3 as well as HDAC1/2 among well-characterized oral cancer cells, including analysis of the microRNA expression of potential epigenetic regulators miR-21, miR-145, miR-152, and miR-221.




2. Materials and Methods


2.1. Cell Lines


Commercially available oral cancer cell lines were obtained from American Type Tissue Culture Collection (ATCC) (Manassas, VA, USA). These included oral squamous cell carcinoma lines (OSCC) SCC-4, SCC-9, SCC-15, SCC-25, and CAL-27 as well as the normal, non-cancerous human gingival fibroblast cell line HGF-1. Cells were thawed and cultured according to the manufacturer recommendations, which included Dulbecco’s modified eagle’s medium (DMEM) or DMEM:F12 supplemented with 10% bovine growth serum (FBS) and 1% antibiotic penicillin–streptomycin solution all obtained from Grand Island Biologic Company or Gibco (Brooklyn, New York, NY, USA). Cells were passed 1:3 at 70–80% confluence and maintained at 37 °C in a Biosafety Level Two (BSL-2) humidity incubator supplemented with 5% carbon dioxide.




2.2. Cell Culture


Specific culturing requirements and conditions were followed according to the manufacturer-recommended protocols and handling instructions, as previously described [41,42]. Handling requirements and other culture conditions were summarized, along with the short tandem repeat (STR) cell line verification analysis from the manufacturer, as follows:



	Cell line
	Culture
	Sex
	Age
	Cell type
	STR analysis



	HGF-1 (CRL-2014)
	DMEM
	Male
	28
	Fibroblast
	100% match



	CAL-27 (CRL-2095)
	DMEM
	Male
	56
	OSCC
	93%



	SCC-15 (CRL-1623)
	DMEM:F12
	Male
	55
	OSCC
	95%



	SCC-25 (CRL-1628)
	DMEM:F12
	Male
	70
	OSCC
	100%



	SCC-4 (CRL-1624)
	DMEM:F12
	Male
	55
	OSCC
	95%



	SCC-9 (CRL-1629)
	DMEM:F12
	Male
	25
	OSCC
	100%









2.3. RNA Isolation


Total RNA was isolated from each cell line following a minimum of five passages using the TRIzol reagent from Invitrogen (Waltham, MA, USA) and phenol–chloroform extraction protocol recommended by the supplier, as previously described [41,42]. Briefly, cells grown in six-well tissue culture dishes had media aspirated and 1000 uL of TRIzol reagent applied. Following cell lysis, the mixture was transferred to a microcentrifuge tube, and 200 uL of chloroform was added and incubated for ten minutes on ice. Samples were centrifuged in a refrigerated microcentrifuge from Eppendorf 5425-R (Hamburg, Germany) at 10,000× g relative centrifugal force (RCF) for ten minutes. The upper aqueous phase was removed, and the RNA precipitated using an equal volume of isopropanol. Samples were then centrifuged using the same settings, after which the isopropanol was removed, and the pellet was washed with ethanol. Following an additional centrifugation, the ethanol was removed, and the pellet was resuspended with nuclease-free water for storage and subsequent screening. Qualitative analysis was completed using a NanoDrop 2000 spectrophotometer and absorbance readings of A260 and A280 nm, as previously described [41,42].




2.4. cDNA Synthesis


Total RNA was converted into cDNA using the Verso One-Step reverse transcription–polymerase chain reaction (RT-PCR) kit from ThermoFisher Scientific (Fair Lawn, NJ, USA). Briefly, 2X One-Step ReddyMix (25 uL), nuclease-free water (20 uL), RT enhancer (2.5 uL), Verso Enzyme Mix (1.0 uL), Universal forward and reverse primers (1.0 uL each,) and sample (1.0 uL) were mixed and processed using an Eppendorf Mastercycler thermal cycler (Hamburg, Germany). Thermocycler settings included the manufacturer-recommended protocol of 50 °C for 30 min for cDNA synthesis, 95 °C enzyme deactivation for two minutes, and 40 cycles of 95 °C denaturation and 30 s of annealing at the appropriate primer pair specific temperature, followed by 60 s of extension at 72 °C. Qualitative analysis was completed using a NanoDrop 2000 spectrophotometer and absorbance readings of A260 and A280 nm, as described [41,42].




2.5. microRNA Amplification


Due to the potential for low and difficult-to-detect expression of microRNA targets, an additional reaction was performed using the TaqMan miR-Amp Reaction Mix from Applied Biosystems (Waltham, MA, USA). In brief, 2X miR-Amp Master Mix (25 uL), RNase-free water (20 uL), 20X Primer Mix (2.5 uL), and total RNA sample (2.5 uL) were mixed and processed using an Eppendorf Mastercycler thermal cycler (Hamburg, Germany). Settings included one cycle for five minutes at 95 °C to activate the enzyme, followed by 14 cycles at 95 °C for denaturation and 60 °C for annealing for 30 s, ending with the stop reaction for ten minutes at 99 °C.




2.6. qPCR Screening


Screening was performed using the SYBR Green PowerTrack qPCR Master Mix system from Fisher Scientific (Fair Lawn, NJ, USA). Each reaction consisted of 25 uL SYBR Green PowerTrack Master Mix, 7.5 uL nuclease-free water, 1.5 uL each of forward and reverse primers, and 2.0 uL of the experimental sample cDNA. Reactions were formed using the QuantStudio Real-Time Polymerase Chain Reaction (PCR) system from Applied Biosciences (Waltham, MA, USA) and the protocol recommended by the manufacturer. In brief, this involved an activation of enzyme activation for 15 min at 95 °C, a subsequent 40 cycles involving denaturation for 15 s at 95 °C, and primer pair-specific temperature annealing for 30 s, with a 30 s final extension at 72 °C. Cycle threshold (CT) was determined by the Applied Biosciences QuantStudio system using the delta-delta Ct method, as previously described [41,42,43]. Relative quantification (RQ) was performed by normalizing CT expression with the internal positive control (GAPDH with DNMT and HDAC; miR-16 for microRNAs) [41,42,43]. Validated primers were synthesized by Eurofins Scientific (Lancaster, PA, USA) as follows [41,42,43]:






	Positive Control



	Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)



	GAPDH forward, 5′-ATC TTC CAG GAG CGA GAT CC-3′; Tm: 66 °C



	GAPDH reverse, 5′-ACC ACT GAC ACG TTG GCA GT-3′; Tm: 70 °C



	



	DNMT1



	DNMT1 forward, 5′-GGC TAC CTG GCT AAA GTC AAG TCC-3′; Tm: 69 °C



	DNMT1 reverse, 5′-CAA AAA GGG TGT CAC TGT CCC GAC-3′; Tm: 70 °C



	



	DNMT3A



	DNMT3A forward, 5′-GAA GCG GAG TGA ACC CCA AC-3′; Tm: 69 °C



	DNMT3A reverse, 5′-CCT TGG TCA CAC AGC AGC C-3′; Tm: 69 °C



	



	DNMT3B



	DNMT3B forward, 5′-GCC AGC CTC ACG ACA GGA AAC-3′; Tm: 71 °C



	DNMT3B reverse, 5′-GAC TGG GGG TGA GGG AGC ATC-3′; Tm: 73 °C



	



	HDAC1



	HDAC1 forward, 5′-GGT CCA AAT GCA GGC GAT TCC T-3′; Tm: 70 °C



	HDAC1 reverse, 5′-TCG GAG AAC TCT TCC TCA CAG G-3′; Tm: 68 °C



	



	HDAC2



	HDAC2 forward, 5′-CTC ATG CAC CTG GTG TCC AGA T-3′; Tm: 69 °C



	HDAC2 reverse, 5′-GCT ATC CGC TTG TCT GAT GCT C-3′; Tm: 68 °C



	



	miRNA primers



	Positive control microRNA primer (miR16)



	miR-16 forward, 5′-TAG CAG CAC GTA AAT ATT GGC G-3′; Tm: 65 °C



	miR-16 reverse, 5′-TGC GTG TCG TGG AGT C-3′; Tm: 65 °C



	



	miR-21



	miR-21 forward, 5′-GCC ACC ACA CCA GCT AAT TT-3′; Tm: 66 °C



	miR-21 reverse, 5′-CTG AAG TCG CCA TGC AGA TA-3′; Tm: 65 °C



	



	miR-145



	miR-145 forward, 5′-AGA GAA CTC CAG CTG-3′; Tm: 56 °C



	miR-145 reverse, 5′-GGC AAC TGT GGG GTG-3′; Tm: 64 °C



	



	miR-152



	miR-152 forward, 5′-GGT TCA AGA CAG TAC GTG ACT-3′; Tm: 64 °C



	miR-152 reverse, 5′-CCA AGT TCT GTA TGC ACT GA-3′; Tm: 62 °C



	



	miR-221



	miR-221 reverse, 5′-TGT GAG ACC ATT TGG GTG AA-3′; Tm: 64 °C



	miR-222 forward, 5′-CGC AGC TAC ATC TGG CTA CTG-3′; Tm: 68 °C









2.7. Statistical Analysis


All experimental assays (growth) were performed in triplicate for each time point, and data were imported into Microsoft Excel, Office 365 version (Redmond, WA, USA) for analysis. Data from all three experiments were summarized and averaged, with standard deviation (STD) reported and graphed. In addition, screening of RNA (isolated at multiple time points) using qPCR was also performed in triplicate, with data from the experimental targets averaged and normalized to the positive controls (DNMT1, DNMT3a, DNMT3b, HDAC1, and HDAC2 with GAPDH; miR-21, miR-145, miR-152, and miR-221 with miR-16), with STD reported and graphed. Statistical significance for parametric data was determined using two-tailed Student’s t-test and verified using single-factor analysis of variance (ANOVA) and statistical significance levels of 0.05.





3. Results


Each of the experimental cell lines was placed into culture to evaluate the relative growth during a three-day growth assay (Figure 1). These data demonstrated that normal gingival fibroblasts (HGF-1) growth over three days ranged between 11.7% and 17.2%. In addition, all of the oral cancer cell lines grew between 14.0% (SCC15) and 19.9% (CAL27) over 24 h (day 1), which were all significantly different compared to baseline (day 0), p < 0.05. Growth observed at 48 h (day 2) ranged between 29.9% (SCC4) and 46.2% (CAL27), which was also significantly different from baseline as well as day 1, p < 0.05. Finally, growth observed at 72 h (day 3) ranged between 42.8% (SCC4) and 69.2% (SCC25), which was also statistically significant, p < 0.05.



Each of the cell lines was subsequently screened for the expression of DNMT family members (Figure 2). These data demonstrated that the normal, non-cancerous HGF-1 cell line expressed DNMT1 at levels relatively consistent with expression levels of GAPDH (RQ = 0.86). However, expression of DNMT3A (RQ = 0.59) and DNMT3B (RQ = 0.51) was significantly lower than GAPDH within this cell line. In contrast, oral cancer cell lines exhibited reduced expression of DNMT1 ranging between RQ = 0.52 (SCC15) and RQ = 0.57 (SCC9) with the noted exception of SCC4, which did not express DNMT1. Expression of DNMT3A was relatively consistent between RQ = 0.76 (SCC9) and RQ = 0.90 (SCC25), as was the expression of DNMT3B that ranged between RQ = 0.75 (SCC9) and RQ = 0.88 (SCC25).



Expression of HDAC was also evaluated among all experimental cell lines (Figure 3). This screening and analysis revealed differential expression of HDAC1 and HDAC2 among the various experimental cell lines. For example, HDAC1 was expressed among most cell lines at relatively consistent levels (HGF-1, RQ = 0.90; SCC4, RQ = 0.77; SCC9, RQ = 0.86; and SCC15, RQ = 0.76) but was not expressed among SCC25 or CAL27 cells. Expression of HDAC2 was also found to be relatively consistent among most cell lines (HGF-1, RQ = 0.83; SCC9, RQ = 0.74; SCC15, RQ = 0.78; and SCC25, RQ = 0.96) but was not expressed among SCC4 or CAL27 cells. Expression of both HDAC1 and HDAC2 was found among the normal HGF-1 cell line in addition to the oral cancer cell lines SCC9 and SCC15. However, differential expression was observed among SCC4 (HDAC1 only), SCC25 (HDAC2 only), and CAL27 (no HDAC1 or HDAC2 expression).



Expression of selected microRNAs among each of these cell lines was also examined, including the DNMT-associated miR-152 and HDAC-associated miR-21, miR-145, and miR-221 (Figure 4). This screening demonstrated that all experimental cell lines produced the positive control microRNA miR-16. In addition, each of the oral cancer cell lines expressed miR-21 at levels consistent with miR-16 (SCC4, RQ = 0.76, SCC9, RQ = 0.71; SCC15, RQ = 0.72; SCC25, RQ = 0.78; and CAL27, RQ = 1.06). However, differential expression was observed with miR-145, which was expressed only among the normal cell line, HGF-1 (RQ = 0.61), and the SCC15 cell line (RQ = 0.61). In addition, miR-152 was also differentially expressed, with results observed only within the SCC25 cell line. Finally, no cell lines were found to express miR-221.



The data from this study can be used to complete a more thorough understanding of DNMT1, DNMT3A, DNMT3B, HDAC1, and HDAC2 mRNA expression (Figure 5). More specifically, this study provides information to complete the gaps in the understanding of DNMT1 expression for SCC4, SCC9, SCC25, and CAL27 cells, demonstrating relatively reduced levels of expression compared to GAPDH and the normal, non-cancerous controls. In addition, these data also complete missing gaps in knowledge regarding DNMT3A expression, which was demonstrated in this study to be upregulated among SCC4, SCC9, SCC25, and CAL27 cells compared with expression within the normal HGF-1 cell line, and also, DNMT3B was highly expressed among SCC9 cells. These data also provide novel information regarding upstream microRNA regulators that have been demonstrated to modulate DNMT expression, such as miR-154, which was not expressed in any cells except SCC25. This study also confirmed upstream HDAC target regulators including miR-21 expression in all oral cancer cell lines and miR-145 expression in SCC15 cells but also confirmed the lack of miR-145 expression previously observed in the other oral cancer cell lines as well as the lack of miR-221 expression among any of the cell lines evaluated.




4. Discussion


The overall objective of this project was to evaluate the expression of DNMT and HDAC family members among oral cancers, with an additional goal to determine if specific DNMT- and HDAC-associated microRNAs were also expressed. These results demonstrated that the tissue-differentiation-associated and homeostatic DNMT1 was expressed in normal oral cells, with relatively lower levels or entirely missing expression among most of the oral cancer cell lines evaluated in this study. These results confirm observations of other recent studies that demonstrate this type of downregulation among oral cancers and other cell lines as well as the effects of DNMT1 suppression and inhibition, which may be more widespread among oral squamous cell carcinomas and head and neck cancers than previously known [34,44,45].



Moreover, this study is among the first to describe and delineate the upregulation of DNMT-3A and DNMT-3B among these oral cancer cell lines, although this type of enhanced expression has been observed in other studies of oral cancer explants and tumor biopsies [35,46,47]. These data also support other observations of DNMT-3A/B dysregulation in other oral pathologies, such as oral leukoplakias and salivary gland neoplasms, that have similar underlying risk factors as oral cancers, including heavy smoking and alcohol consumption [48,49,50]. Although some other research evaluating DNMT expression has utilized well-characterized oral cancer cell lines such as SCC15 or SCC25 this may be the first study to encompass multiple additional oral squamous cell carcinomas, such as SCC9, SCC9, and CAL27 [51,52].



As newer hypomethylating agents, for example, azacitidine (Vidaza) and decitabine (Dacogen), which are approved for the treatment of myeloid leukemia, may be evaluated for their effectiveness in treating other types of cancer with this type of characteristic DNMT dysregulation, this study may provide an important model for evaluating the range of oral cancer cell types that are responsive to these types of treatments [53,54]. For example, azacitidine has been recently evaluated in vitro for potential effectiveness using only CAL27 cells, while one additional pilot study regarding potential effectiveness in oral cancers used primary tumor explants without cell line treatments for comparison [55,56]. Similarly, decitabine was evaluated in a pilot study using only SCC25 cells to determine chemosensitivity responses, although more robust studies regarding the efficacy of this treatment in myeloid leukemia are available [57,58,59,60,61,62]. This research provides a model and template for these types of initial treatment evaluations, which could be expanded to cover the full range of commercially available oral cancer cell lines, and provides some pathway-specific information that could help contextualize any differential responses.



In addition, these data also provide analysis of more epigenetic dysregulation and dysfunction among HDACs among these oral cancer cell lines, which confirms other reports of CAL27, SCC25, and SCC4 dysregulation [63,64,65]. However, this study also expands the range of oral cancer cell lines evaluated to encompass HDAC analysis among normal non-cancerous HGF-1 cells and also additional oral cancers such as SCC9 and SCC15. These types of comparative studies have been an increasingly important component of designing treatments and fostering evidence-based decision making, as more information regarding these types of dysregulation among well-characterized cells can lead to more accurate understanding, prognosis, and potential treatment options for the increasing number of therapies involving HDAC inhibitors that have reached clinical trials and clinical drug approval in recent years [38,39,40].



This study also provides evidence that only one of the oral cancer cell lines (SCC25) expressed miR-152, which has been previously associated with DNMT-3 dysregulation in cancers [36,37]. Previous findings from this group also confirmed the differential expression of miR-152 among these cell lines but revealed another association between DNMT-3 expression and miR-720 within all of the cell lines evaluated [41,42,43]. These data combined may suggest that further research may be needed to determine the mechanisms that might be associated with lack of miR-152 expression and DNMT-3 expression found in the current study as well as the potential role that miR-720 may play in DNMT-3 dysregulation among these oral cancers.



Finally, this study also evaluated miR-21, miR-145, and miR-221 expression, which has been strongly associated with HDAC dysregulation among oral cancers [38,39,40]. This study not only confirms other reports from this group regarding the expression of miR-21 among all the oral cancer cell lines evaluated but also the absence of miR-221 expression within these same cell lines, which adds more complexity to the understanding that differential expression of both HDAC1 and HDAC2 were also observed that does not strictly correlate with these specific miR-21 or miR-221 expression profiles [41,42]. Moreover, the expression of miR-145 only among SCC15 cells confirms previous reports of this phenomenon but also suggests that other microRNAs and mechanisms of epigenetic regulation may play significant roles in the expression of HDACs among oral cancers [38,39,40,41,42].



Despite the significance of these findings, there are some limitations associated with this study that should also be considered. For instance, this study utilized well-characterized oral cancer cell lines available within the United States (U.S.). Additional commercial cell lines (outside the U.S.) that were not available to the study authors should also be evaluated to determine if the same expression patterns among DNMT1, DNMT3A, DNMT3B, HDAC1, and HDAC2 can be observed. In addition, although no clinical samples were available for use in this study, future research involving tumor samples and oral biopsies could be analyzed for comparison with the observations made in this study to determine if any other relevant expression patterns may be uncovered. Finally, as more microRNA targets are identified in future studies, it may be necessary to evaluate additional microRNAs that might be more directly related to DNMT or HDAC expression (or inhibition) in oral cancers to explain the phenomenon observed in this (and other) recent studies.




5. Conclusions


The data from this study demonstrated new information regarding potential differences in DNMT, HDAC, and microRNA expression between normal, non-cancerous cells such as HGF-1 and multiple oral cancer cell lines, including SCC4, SCC9, SCC15, SCC25, and CAL27. In addition, the results from this study revealed that some upstream mechanisms of microRNA control related to DNMT and HDAC expression, including miR-21, miR-145 miR-52, and miR-221, were not correlated with expression of these downstream targets among oral cancers, suggesting alternative epigenetic pathways and mechanisms of DNMT and HDAC regulation may be responsible for the observations. Further research into these pathways is needed to determine the mechanisms that may be responsible for these observations.
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Figure 1. Relative growth of experimental cell lines over three days. Normal gingival fibroblasts (HGF-1) growth ranged between 11.7% and 17.2% over three days. Oral cancer cell lines grew between 14.0% (SCC15) and 19.9% (CAL27) over 24 h (day 1), between 29.9% (SCC4) and 46.2% (CAL27) over 48 h (day 2), and between 42.8% (SCC4) and 69.2% (SCC25) over 72 h (day 3), which were all statistically significant, p < 0.05. 
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Figure 2. Expression of DNMT family members among experimental cell lines. The normal HGF-1 cell line expressed DNMT1 with expression levels consistent with GAPDH (RQ = 0.86) but exhibited reduced expression of DNMT3A (RQ = 0.59) and DNMT3B (RQ = 0.51). Oral cancer cell lines exhibited reduced expression of DNMT1 between RQ = 0.52 (SCC15) and RQ = 0.57 (SCC9) with the noted exception of SCC4, which did not express DNMT1. DNMT3A expression ranged between RQ = 0.76 (SCC9) and RQ = 0.90 (SCC25), with DNMT3B expression ranging between RQ = 0.75 (SCC9) and RQ = 0.88 (SCC25). CT = cycle threshold; RQ = relative quantification. 
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Figure 3. Expression of HDAC among experimental cell lines. HDAC1 was expressed at relatively consistent levels among HGF-1, RQ = 0.90; SCC4, RQ = 0.77; SCC9, RQ = 0.86; and SCC15, RQ = 0.76, but it was not expressed among SCC25 or CAL27 cells. HDAC2 was expressed among HGF-1, RQ = 0.83; SCC9, RQ = 0.74; SCC15, RQ = 0.78; and SCC25, RQ = 0.96, but it was not expressed among SCC4 or CAL27 cells. Expression of both HDAC1 and HDAC2 was observed among the HGF-1, SCC9, and SCC15 cells. Differential expression was observed among SCC4 (HDAC1 only), SCC25 (HDAC2 only), and CAL27 (no HDAC1 or HDAC2 expression) cells. CT = cycle threshold; RQ = relative quantification. 
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Figure 4. Screening for expression of selected microRNAs (miR-21, miR-145, miR-152, and miR-221). All cell lines expressed the positive control microRNA miR-16. In addition, all oral cancer cell lines expressed miR-21 (SCC4, RQ = 0.76; SCC9, RQ = 0.71; SCC15, RQ = 0.72; SCC25, RQ = 0.78; and CAL27, RQ = 1.06) but not HGF-1 cells. Differential expression was observed with miR-145, which was expressed only among the normal cell line, HGF-1 (RQ = 0.61), and the SCC15 cell line (RQ = 0.61). Similarly, miR-152 was differentially expressed within the SCC25 cell line but no other cell lines. Finally, no cell lines were found to express miR-221. CT = cycle threshold; RQ = relative quantification. 
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Figure 5. Assessment of DNMT, HDAC, and microRNA knowledge gaps. Data from this study filled knowledge gaps, including information regarding DNMT1 and DNMT3A expression in SCC4, SCC9, SCC25, and CAL27 cells as well as DNMT3B expression in SCC9 cells. Novel expression data for the upstream microRNA target regulator miR-154 for DNMT was observed in SCC25 cells, with lack of expression among other cell lines. Novel data regarding the lack of expression of the HDAC regulator microRNA miR-221 was also observed. Key: Up and down arrows indicate novel data regarding relative expression compared to normal HGF-1 cells; ***** indicates novel data regarding lack of expression observed. 
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