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ABSTRACT
The aryl hydrocarbon receptor (AHR) is a ligand-activated transcription factor
noted for its role in the metabolism of dioxin and other environmental xenobiotics.
However, recent research has shown an expanded role of AHR in pro- and antiinflammatory signaling through DNA-dependent and independent modes of action.
AHR-mediated suppression of acute-phase response genes, such as cytokines and
complement proteins, has previously been shown in heptatoma cells. The complement
system is an effective, non-specific mechanism of identifying and destroying damaged or
foreign cells. Often, tumor cells express complement inhibitory proteins, such as CD55
and Factor H (CFH), to avoid detection by the complement system and promote
proliferation. Expanding upon previously published work on AHR-mediated
suppression of complement genes, a therapeutic pathway using AHR was explored in
MCF-7 breast cancer cells and several head and neck squamous carcinoma cell (HNSCC)
lines. As canonical DNA-dependent AHR activation of phase I metabolism genes has
noted deleterious effects, a selective AHR modulator (SAHRM) was used to induce an
AHR effect instead of an agonist. The flavonoid 3’, 4’-dimethoxy-α-naphthoflavone
(DiMNF) has been used successfully in previous research as a SAHRM to repress
cytokine-mediated complement induction. The ability to selectively repress expression of
complement inhibitory proteins by tumor cells invokes a potential mode of natural cancer
clearance by the organism.
MCF-7 cells were determined to be an inconclusive model for complement as
they do not express factor H. DiMNF (10 µM) treatment of HNSCC lines exhibited
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inconsistent effects on each cell line. Although CFH and CD55 expression levels of
mRNA and protein were expected to decrease, only one cell line (HNSCC-13) exhibited
this effect. Two other lines, HNSCC-15 and -30, showed an inverse pattern of increase
and decrease between the two complement proteins, possibly suggesting a compensatory
mechanism. HNSCC-2095 and HNSCC–9 did not present any observable DiMNFmediated effects. Although it appears that DiMNF does mediate a significant level of
attenuation of CD55 and CFH protein levels in certain cases, further study into the
relationship between AHR and the complement system is required before a viable
therapeutic application is can be explored.
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INTRODUCTION

Aryl Hydrocarbon Receptor
The aryl hydrocarbon receptor (AHR) is a ligand-activated transcription factor
that controls the expression of a diverse set of genes1. It plays a critical role in xenobiotic
responses and its classical ligands include halogenated aromatic hydrocarbons and
polycyclic aromatic hydrocarbons, many of which are found in pesticides, solvents, and
other industrial products2. Among these environmental pollutants is the potent AHR
ligand 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD or dioxin)3. TCDD is a potent
carcinogen that gained notoriety as a residual compound found in Agent Orange during
the Vietnam War era1. Another noted carcinogen, benzo[a]pyrene (B[a]P), which is
found in cigarette smoke, is an AHR ligand4. The prevalence and effects of these AHR
ligands and others highlighted the importance of understanding the mechanisms of
environmental toxicology. AHR was found to be directly linked in activating Phase I and
Phase II enzymes1. As these enzymes began to metabolize AHR ligands, genotoxic
intermediates were formed, partly explaining the carcinogenic effects of these chemicals.
As such, AHR was found to be involved in the bioactivation of chemicals to carcinogens
and accordingly, most of its ligands labeled as possible carcinogens1. While this
assumption is based on its historical characterization as a transcription factor involved in
environmental toxicity responses, further research into the receptor has revealed a much
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wider range of ligands and transcriptional effects5. It is now known that along with
environmental contaminants, AHR may also be activated by dietary compounds and
endogenously produced chemicals, notably indoles and tryptophan derivatives6. More
importantly, cross talk between AHR and receptors involved in estrogen, immune
response, and the endocrine system has broadened the scope of AHR research1,7. These
non DRE-mediated effects hold potential for significant therapeutic applications and are
the focus of this paper.

Structure of AHR
Determining the structure of AHR was a necessary step in identifying its
mechanism of transcriptional regulation. AHR was originally studied as a close analog of
steroid receptors, specifically the glucocorticoid receptor8. However, while biochemically
similar, AHR belongs to the basic helix loop helix- (bHLH) Period-ARNT-Single minded
(PAS) protein family9,10. The PAS domain (~260-310 amino acids long), is divided into
PAS-A and PAS-B. PAS-A primarily serves in dimerization with other bHLH-PAS
proteins, as well as association with non-PAS proteins9,10. PAS-B is implicated in ligand
binding, along with other small molecule binding. Meanwhile, the bHLH domain’s
primary responsibility is to bind to DNA. It has also been noted that bHLH-PAS proteins
usually function as heterodimers consisting of one binding partner that is ubiquitously
expressed and the other that is expressed in specific tissues, is inducible or is temporally
controlled11. The final domain of AHR worth noting is the Q-Rich domain, which serves
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as a site for coactivator recruitment12,14. The orientation of the functional domains of
AHR can be seen in Figure 1-1.

Figure 1-1: Molecular Domain Model of AHR13,14

AHR Ligands and Activation
AHR is known to have a rather promiscuous binding site, binding many different
exogenous and endogenous ligands6,15. Some of the more prominent ligands are shown in
Figure 1-2. As previously mentioned, many aromatic hydrocarbons can activate the AHR.
Activation of AHR is typically measured by the levels of one of the Phase I enzymes it
activates; Cytochrome P450, family 1, subfamily A, polypeptide 1 or CYP1A1. CYP1A1
is also known as aryl hydrocarbon hydroxylase, given its activity upon aryl hydrocarbons.
TCDD, the prototypical activator, maximally induces CYP1A1 at concentrations as low
as 10 nM1. The dissociation constant (kD) of TCDD’s interaction with AHR is typically
in the nanomolar range6.
Variations of polycyclic aromatic hydrocarbons featuring various chemical
modifications can be used in treatments to observe effects on AHR and CYP1A1.
Modifications of known ligands often result in new ligands that may serve as AHR
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agonists or antagonists16. In this manner, the compound used in this project, 3’,4’dimethoxy-α-naphthoflavone, was discovered to be a modified version of the known
AHR ligand, a-naphthoflavone. In preliminary experiments, 3’,4’-dimethoxy-αnaphthoflavone (DiMNF) was found to be an AHR antagonist, in contrast to β-NF, which
is an AHR agonist17. A comparison of the two is featured in Figure 1-3.
Many aromatic hydrocarbons and AHR ligands are found in the environment as a
result of industrial processes, yet the search is still on for an endogenous ligand for AHR.
Scientists are unaware if a natural endogenous ligand exists for AHR, but hypothesize
that AHR’s sole purpose must be for more than xenobiotic metabolism15. While some
endogenously produced chemicals (indoles, primarily) serve as ligands, a primary
endogenous ligand remains to be found. Until that compound is found, AHR will remain
known as an “orphan receptor”15.
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Figure 1-2: Examples of AHR Ligands6

Figure 1-3: A Structural Comparison of β-naphthoflavone (β-NF) and 3’,4’-dimethoxyα-naphthoflavone (DiMNF)18

Classical Mechanism of AHR
In the cytosol, AHR associates with the hepatitis B-virus X-associated protein 2
(XAP2), p23 and two molecules of heat-shock protein 90 (HSP90) to form a stable
heterotetrameric cytosolic complex19,20. While the physiological function of these
proteins in the AHR complex is unknown, it has been shown that they are all required to
maintain protein stability20,21. The tetrameric complex is required to localize AHR to the
cytoplasm and prevent transient activation21. Once a ligand, such as TCDD, binds this
cytosolic complex, a series of undefined events occur that result in a nuclear
translocation. It is hypothesized that the tetrameric complex holds AHR in a
conformation that masks its nuclear localization signal21. The ligand-induced
conformational change most likely exposes the NLS. Obviously, in order for this
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transcription factor, to function it needs access to the nucleus and DNA. Once in the
nucleus, the components of the cytoplasmic complex (XAP2, HSP90, P23) appear to
dissociate from the AHR-ligand complex. At the same time, the aryl hydrocarbon
dimerizes with another bHLH-PAS protein, the Aryl Hydrocarbon Receptor Nuclear
Translocator (ARNT). It is this heterodimer that recruits cofactors and then binds to
DNA. Typically, the AHR-ARNT complex recognizes a specific nucleotide sequence
known as the dioxin response element (DRE) or xenobiotic response element (XRE).
Binding to this element is what induces the classical CYP1A1 response22. The classical
AHR signaling pathway is shown in Figure 1-4.

Figure 1-4: The classic AHR signaling pathway and its effects.6
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Selective AHR Modulation
Generally, ligand binding to AHR results in activation of the classic AHR
signaling pathway. As is typically the case with xenobiotic metabolism, the AHR-ARNT
complex binds to the DRE and drives the expression of detoxification enzymes, such as
CYP1A1. However, recent studies have shown that AHR’s role may expand from
xenobiotic metabolism on the premise of receptor cross-talk7,23. AHR’s presumed
interaction with other cellular receptors allows an avenue by which AHR can modulate
transcription of other cellular processes. The recent discovery of selective AHR
modulators (SAHRMs) is an example of another medium of AHR activation24. SAHRMs
are defined as AHR ligands that are not capable of mediating a dioxin responsive element
driven transcription yet are still able to mediate other cellular processes25. It is important
to note that the term selective “is used to describe an AHR (or ER) ligand that exhibits a
subset of altered transcriptional activities. The term is not used to infer that a given AHR
ligand does not interact with other proteins.25” In essence, SAHRMs have the ability to
affect gene expression and transcription of other cellular processes, such as inflammation,
without activating the typical DRE xenobiotic detoxification enzymes. Off-target effects,
such as modulation of the inflammatory transcription factor NF-kB, have been known to
occur even in the activation of the classic signaling pathway23. However, the activation of
CYP1A1 and other metabolic enzymes limited the therapeutic value of AHR activation
on the basis of possible carcinogenic effect. However, the discovery of SAHRMS, which
appear to somehow avoid a DRE-driven response, rekindles the hope of a therapeutic
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effect. The research conducted in this paper focuses on the effect of the established
SAHRM 3’,4’-dimethoxy-α-naphthoflavone (DiMNF)24.

AHR and Inflammatory Signaling Pathways
Inflammatory signaling is controlled at a transcriptional level by several
transcription factors, including NFkB, AP-1, STAT3 and CEBP/β1,23. Often,
inflammatory genes are activated synergistically and through a combination of regulatory
factors. For example, COX-2, one of the more studied inflammatory genes, requires both
C/EBPβ and NFkB for high-level induction1. Inflammation often leads to a repression of
drug metabolism, in particular the suppression of cytochrome P-450s23. In fact, the ability
of cytokines IL-1β, IL-6, TNF-α, and bacterial lipopolysacharide (LPS) to suppress
constitutive and AHR-induced CYP1A1 activity and protein levels has been firmly
established in Hepa 1 cells26. Cross talk between these two pathways is further
highlighted by data that shows the ability of AHR antagonists to repress LPS-mediated
IL-6 mRNA transcription27. Of all the inflammatory regulators, cross talk between NFkB
and AHR is the most widely studied1. Recent studies have shown AHR-mediated
modulation of NFkB, as well as evidence that suggests NFkB playing a major role in the
effect of TCDD toxicity23.
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Inflammation and the Acute-Phase Response
Prolonged exposure to AHR agonists has been shown several times to enhance
inflammatory signaling23,26,27. Still, evidence exists of AHR-mediated anti-inflammatory
effects, primarily through interference with NFkB and repression of IL-6 induction26,27.
Given these facts, it becomes increasingly important to have an understanding of the
mechanisms of inflammation and acute-phase response.

Acute-Phase Response
The acute-phase response (APR) is a major physiological first-line response to a
variety of physical stresses including infection, inflammation, burns, and cancers28. The
acute-phase response leads to a number of dramatic changes in the plasma concentration
of several actue-phase proteins. These proteins, which increase or decrease by at least
25% during inflammatory disorders, are defined as acute-phase proteins. The magnitude
of these changes varies– one protein, serum amyloid A (SAA) levels increase as much as
1000-fold28. Some important acute-phase proteins are listed in Table 1-1.
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Table 1-1 Human Acute-Phase Proteins28
Proteins whose plasma concentrations increases
Complement System
C3
C4
C9
C1 Inhibitor
Coagulation/Fibrinolysis
Plasminogen
Tissue Plasminogen
Activator
Vitronectin
Participants in inflammatory response
phospholipase A2
LPS-binding protein
IL-1 receptor antagonist
Other
C-reactive Protein
SAA
a1-antitrypsin
fibronectin
Proteins whose plasma concentrations
decreases
albumin
insulin-like growth factor I
factor XII

Regulation of Acute-Phase Response
Typically, induction of acute-phase proteins is a result of cytokine activity.
Cytokines are intercellular signaling polypeptides produced by activated immune system
cells, as well as other cell types (e.g. fibroblasts). Not only are they produced in
inflammation, but many cytokines trigger further release of cytokines and inflammatory
signals. Cytokines are said to “operate both as a cascade and as a network” in the
stimulation of acute-phase proteins. The most prominent inflammation-associated
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cytokines include interleukin-6 (IL-6), interleukin-1β (IL-1β), and tumor necrosis factorα (TNF-α)28. IL-6 is considered to be the chief stimulator of most acute-phase proteins,
but requires IL-1β to stimulate its production. Clinically, acute-phase proteins typically
are markers of inflammation and are high in areas of stress, such as in the tumor
microenvironemnt.

Complement System
The complement system is a critical part of a body’s innate immune response
against pathogens29. It plays a critical role in an inflammatory response, as well as direct
immune recognition of foreign bodies. In fact, the traditional function of complement, the
network of more than 30 soluble or membrane-associated proteins, is recognition and
elimination of pathogens through direct killing29. There are three pathways that the
complement system uses in order to create the membrane attack complex (MAC)
required to directly kill pathogens. The classic and lectin pathways are similar in that they
require binding of recognition proteins to specific targets. The classical pathway is
activated by antibody IgM, followed by fixation of antibody IgG and acute-phase
response proteins (including SAA)29,30. Recognition allows C1q to be directly bound to
the complex, initiating the classical complement cascade. The lectin pathway requires
recognition of microbial surface, and then joins the classical pathway by activating the
proteolysis of C4 and C2. Eventually the cascade activates C3 (found in blood plasma)
through proteolysis to the C3a and C3b products. Activated C3 proteins continue to
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induce other immune responses as well as participate in the formation of the membrane
attack complex29,30.
The alternative pathway differs from the classical and lectin pathways because it
does not require antibody or lectin recognition29. As such, it is in fact the first response
and first identifier in the innate immune response. The alternative pathway begins with
spontaneous hydrolysis of C3 (called “tickover”) and association with factor B (which is
cleaved into Ba and Bb by Factor D). The association of C3b and Bb is known as C3
convertase that can then activate more C3 and follow the complement cascade into the
MAC29. Given its “spontaneous” nature, the alternative pathway serves as the major
mechanism of recognition and elimination of “foreign” or “dangerous” pathogens. The
alternative pathway recognizes pathogens that are identified as “non-self”, while “self”
proteins are spared. The alternative pathway is primarily regulated by Complement
Factor H (CFH), a soluble glycoprotein found in blood plasma that inhibits the cascade at
C3 convertase29,31. To inhibit the alternative pathway, cells may express CD55, a
membrane bound complement protein that is also known as complement decay
accelerating factor (DAF). CD55 essentially operates as a membrane-bound CFH by
inhibiting assembly of the C3 convertase complex29,31. All three pathways, along with
some common regulators are shown in figure 1-5. Clinically, it should be noted that
imbalance of the alternative pathway is suspected to play a key role in rheumatoid
arthritis29.
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Figure 1-5: The three different pathways of complement activation: alternative, classical
and lectin pathways; factors that can inhibit the pathways are indicated in boxes30
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Overview and Significance of Research
AHR’s role in xenobiotic metabolism has been characterized extensively in the
literature1. With this understanding of its structure and mode of action, research into its
role in other cellular processes has moved research away from environmental toxicology.
Now, a multi-discipline approach is used to discover possible areas of modulation that
were previously unknown. One such area is the regulation of inflammation and acutephase response. Historical data had shown overlap between inflammatory signals and
AHR, but the threat of a carcinogenic DRE-driven metabolic response had forced
therapeutic research using AHR to the wayside. Fortunately, research into AHR mutants
showed that repression of NF-kB pathway, which had been examined in previous AHR
studies, could actually be achieved without DNA binding. Using structural mutants of
AHR, it was seen that nuclear translocation and heterodimerization with ARNT are
essential, but DNA binding was not involved in AHR-mediated Saa repression5.
Further research in the area found that certain AHR ligands were able to have the
same repression of the acute-phase response repression and still did not drive the typical
DRE-mediated response25. These ligands were termed selective AHR modulators
(SAhRM), and are a source of vast therapeutic potential. The ligand used in this
experiment, DiMNF, has recently been confirmed to be a SAhRM with the ability to
suppress cytokine acute-phase response genes (i.e. SAA, C3) without binding to the DRE
element24. Research into inflammatory suppression via AHR has been primarily focused
in Huh-7 human hepatocellular carcinoma, as a possible treatment of chronic
inflammatory diseases in the liver17.
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However, the complement system’s role extends beyond that of just
inflammation. As noted, it is a first responder in recognizing non-self cells such as
tumors. One strategy for tumors to escape detection by the complement system is overexpression of complement inhibitory proteins32. As discussed, these inhibitory proteins
include CD55 (decay-accelerating factor) and Factor H, in addition to CD46, an
inhibitory receptor. Studies including osteosarcoma, colorectal, and gastric tumor cell
lines showed significant increase in CD55 levels when compared to normal cells32,33.
This is a result that has been repeated several times, especially in breast cancer
models33,34. High CD55 expression has been linked to the ability to form colonies more
efficiently in MCF-7 breast cancer cells34. In vivo experiments confirmed that high CD55
expression resulted in larger tumors and statistical analysis demonstrated a link between
high CD55-character and cancer relapse rates32,34. Given the data, it appears that CD55
plays an essential in protecting tumors and would seem to be a good target for
experimental therapeutics.
Studies have also indicated a direct link between cytokine signaling and the upregulation of CD5526. Specifically, treatment of human hepatoma cells with acute-phase
cytokines IL-1, IL-6, and TNF-α resulted in significant up-regulation of CD5524,26,.
Given the established relationship between AHR pathways and acute-phase response
genes, this experiment focused on exploiting that relationship for possible therapeutic
gain. Recent research has indicated that AHR antagonism inhibits constitutive cytokine
inducible IL6 production in head and neck tumor cell lines27. Initial research on MCF-7
cells concluded that this particular breast cancer cell line was generally unresponsive to
cytokines based on low basal and induced levels of IL-635.
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As SAhRM showed a significant effect on acute-phase-mediated inflammation, it
was hypothesized that a similar effect might occur on complement inhibitory proteins.
Given the fact that cancers often over-express complement inhibitory proteins to protect
from alternative-pathway-directed destruction, it would seem that a repression of these
factors (CD55 and CFH) would allow for immune system recognition. Theoretically,
repression of complement inhibitory factors would cause tumors to be recognized as
foreign and eliminated more easily by the innate immune complex, without the need for
other pharmaceutical drugs. In using a SAHRM such as DiMNF, a repressive effect of
CD55 and CFH was expected, without the activation of the DRE-driven CYP response.
The effect of DiMNF was tested in both breast cancer MCF-7 cells as well as several
head and neck squamous carcinoma cell (HNSCC) lines. This research presents an initial
step in developing a therapeutic method to repress complement inhibitory factors in order
to increase detection of cancerous cells by the complement system.
Overall Hypothesis: AHR modulation by a selective AHR modulator can result
in repressed expression of complement inhibitory proteins in cancer cells. This
hypothesis could lead to increased detection of cancerous cells by the innate immune
system without the need for other pharmaceutical intervention.
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MATERIALS AND METHODS

Cell Culture
MCF-7 and HNSCC lines (HN9, HN13, HN15, HN30, and HN2095) were
maintained at 37°C, 5% CO2 in a high glucose 1:1 DMEM:F12 (Sigma, St. Louis, MO),
supplemented with 10% fetal bovine serum (FBS; Hyclone Labs, Thermo Scientific
Hyclone, Logan, UT), 1,000 units/mL penicillin, and 0.1 mg/mL streptomycin (Sigma).
HN4, HN15, and HN2095 cells were obtained from Susan Mallery (Ohio State
University), following their purchase from ATCC. HN13 and HN30 cells were obtained
from J. Silvio Gutkind (NIH).

Gene Silencing
Specific protein levels were decreased with the Dharmacon small interfering RNA
(siRNA) [control oligo D-001810-0X, AHR oligo J-004990-07, BRG1 (SMARCA4)
oligo D-010431-01]. Electroporation/nucleofection was performed with the Amaxa
nucleofection system essentially as described in manufacturer protocols. Briefly, cells
were washed and suspended at a concentration of 2.0 × 106 per 100 µL of nucleofection
solution. Control or targeted siRNA was added to the sample for a final concentration of
1.5 µmol/L. Samples were electroporated with manufacturer's MCF-7 high efficiency
program and plated into six-well dishes in complete media.
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Immunoblotting
HNSCC (4, 13, 15, 30, 2095) cells were cultured to ~80% confluence in six-well
plates and treated with vehicle or the indicated compounds. Cells were lysed with MENG
(25 mM MOPS, 2 mM EDTA, 0.02% NaN3, 10% glycerol, pH 7.) /20 mM sodium
molybdate/1% Nonidet P40/protease inhibitor cocktail (Sigma). Lysates were centrifuged
(13,000g, 10 min, 4°C) to remove insoluble material. Protein concentrations were
determined by use of the bicinchoninic acid kit (Thermo Fisher Scientific, Waltham,
MA). Fifty micrograms of protein were resolved on 8% SDS-PAGE gels and transferred
to PVDF membrane (Millipore, Billerica, MA). Where indicated, membranes were
probed at recommended dilutions for 1 h with the following primary antibodies: antiCD55 rabbit IgG (sc-9156; Santa Cruz Biotechnology, Santa Cruz, Ca), anti-CFH rabbit
IgG (sc-33156; Santa Cruz Biotechnology, Santa Cruz, CA), anti-β-actin mouse IgG (sc47778; Santa Cruz Biotechnology, Santa Cruz, CA). Secondary antibody detection was
achieved using species-appropriate biotin-conjugated IgG (Jackson ImmunoResearch
Laboratories Inc., West Grove, PA). Tertiary detection was achieved through incubation
with 0.03 µCi/ml 125I-streptavidin (GE Healthcare, Little Chalfont, Buckinghamshire,
UK). Blots were exposed to BioMAX (Eastman Kodak, Rochester, NY) film and
developed.

RNA Extraction and mRNA Expression
Treatment of cells was performed by diluting compounds to the desired working
concentration in culture media (described above). Total RNA was extracted from the
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cells with TRI reagent (Sigma) as specified by the manufacturer. The ABI high-capacity
cDNA archive kit (Applied Biosystems) was used to prepare cDNA from isolated RNA.
mRNA expression for all samples was measured by quantitative real-time PCR with the
Quanta SYBR Green kit on an iCycler DNA engine equipped with the MyiQ single color
real-time PCR detection system (Bio-Rad, Hercules, CA). Expressed quantities of mRNA
were normalized to mL13A mRNA levels and plotted with GraphPad Prism 4.0
(GraphPad Software). Histograms are plotted as mean values of three biological
replicates, error bars represent the standard deviation of replicates. Statistical significance
was calculated with the Student’s t-test and one-way ANOVA as appropriate for the
number of values and comparisons made. Significance is expressed as *; P 0.05, **; P
0.01, ***; P 0.001.
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RESULTS

MCF-7 AHR Interference via SiRNA
Previous research on interaction between AHR signaling and cytokine induction
in MCF-7 cells has yielded results showing the MCF-7 can undergo IL-6 induction with
IL1β treatment35. In addition, coexposure to AHR agonists and IL-1β prompts a marked
synergistic induction of IL-635. In order to determine if AHR and complement inhibitory
proteins had a similar interaction, MCF-7 cells were treated with TCDD, AHR-specific
siRNA, neither, or both. The treated cells were then analyzed for their mRNA content of
CD55, CFH, and CD46 via quantitative real-time PCR. CD55 mRNA levels remained
generally consistent and rather close to the values given by the control treated cells.
Exposure to TCDD prompted a reduction in CD55 in control transfected cells. SiRNA
knockdown of AHR removed the inhibiting effect of TCDD with regard to CD55,
indicating AHR dependency (Figure 3-1). Factor H mRNA could not be detected (data
not shown). Analysis of CD46 revealed a similar inhibitory effect of TCDD, which again
was lost in SiRNA transfected cells. Interestingly, knockdown of AHR diminished basal
CD46 perhaps indicating the involvement of AHR in mediating constitutive expression
(Figure 3-2). Immunoblot protein analysis was performed to confirm that the protein
levels matched with the mRNA reports. Unfortunately, a CD46 antibody was not
available so only CFH and CD55 were probed, compared to a β-actin control. CFH
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protein ran at around 150 kDa, CD55 at 75 kDa, and β-actin at 42 kDa. As predicted,
MCF-7 cells did not express CFH and levels of CD55 remained constant (Figure 3-3).

Figure 3-1: qRT-PCR of MCF-7 cells treated with TCDD and AHR siRNA for CD55 gene
MCF-7 cells were electroporated with either control or AHR siRNA and then treated with TCDD
(1nM). No treatment had a statistically significant effect on CD55 mRNA expression as
determined by quantitative real-time PCR. (n=3) Statistical significance is indicated by an
asterisk (*, P <0.05, **, P < 0.01, and ***, P < 0.001).
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Figure 3-2: qRT-PCR of MCF-7 cells treated with TCDD and AHR siRNA for CD46 gene
MCF-7 cells were electroporated with either control or AHR siRNA and then treated with TCDD (1nM).
No treatment yielded statistically significant results. (n=3) Statistical significance is indicated by an
asterisk (*, P <0.05, **, P < 0.01, and ***, P < 0.001).
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+T/-S
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CFH
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>

CD55

38 K

>
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Figure 3-3: ImmunoBlot of AHR siRNA-treated MCF-7 cells for CD55 and CFH proteins
As analyzed by immunoblot, neither AHR-siRNA knockdown (S) nor 1nM TCDD treatment (T)
has a significant effect on CD55 expression in MCF-7 cells. CFH is not expressed in this cellline. β-actin is used as a loading control.
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Comparison of Inhibitory Complement Protein Expression in Different HNSCC
Lines
An examination of complement inhibitory protein expression in response to IL-1β
in MCF-7 cells demonstrated no induction following exposure to cytokine. We therefore
switched to examine cytokine inducibility in HNSCC cell lines, which had proved to be
more responsive to acute-phase proteins35. Initially, a basal reading of complement
inhibitory proteins was required of the HNSCC to confirm existence of key proteins (as
MCF-7 lacked CFH) and establish control points. Protein content of untreated cells was
analyzed via immunoblot and mRNA was analyzed via quantitative RT-PCR. mRNA
analysis revealed marked differences in basal expression of CFH and CD55 across 5
HNSCC lines. All cell lines expressed CFH, with HNSCC-15 expressing the most (near
10-fold increase compared to the control treatment), followed by HNSCC-2095 and
HNSCC -13. HNSCC-9 and HNSCC-30 comparatively had a small amount of CFH
expressed (Figure 3-4). CD55 levels were nearly the same for all lines, a ratio of about 1
compared to the control treatment (Figure 3-4). mRNA levels for HNSCC-2095 were not
available, but protein presence was confirmed in the immunoblot, at a level similar to the
other proteins (Figure 3-4). An examination of AHR protein expression identified that all
the HN lines express AHR with 2095 and 13 expressing to the highest degree followed
by 30 and 15. HN9 demonstrated the lowest level of AHR expression (Figure 3-5).
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Figure 3-4: Basal expression of CD55 and CFH mRNA and protein in several
HNSCC lines
CD55 Statistical Significance
Comparison
9 vs 15
9 vs 30
9 vs 13
9 vs 2095

Significance
***
ns
***
***

Comparison
15 vs 30
15 vs 13
15 vs 2095

Significance
***
***
***

Comparison
30 vs 13
30 vs 2095
13 vs 2095

Significance
***
***
**

Quantitative real-time PCR results of CD55 and CFH mRNA expression were compared with
immunoblot protein expression of the same proteins. Of note, HN15 relatively expressed twice as
much CFH as HN2095 and HN13, and nearly 10 times as much HN9 and HN30. Statistical
significance of CFH expression changes is summarized in the adjacent table. CD55 expression
levels were generally consistent and changes between the cell lines were not deemed to be
statistically significant.. L13a gene was used as a control gene for mRNA expression and β-actin
was a loading control for the immunoblot. All tests were done in triplicate (n=3). Statistical
significance is indicated by an asterisk (*, P <0.05, **, P < 0.01, and ***, P < 0.001).

2095

30

15

13

25

9
< 42 kDa : β-actin

< 102 kDa : AHR
Figure 3-5: Basal expression of AHR and IL-6 Receptor for several HNSCC lines.
Basal expression of AHR (size ~100kDa and IL-6 Receptor (size ~80 kDa) was examined in
several HNSCC lines in anticipation of future experiments, as well as to detect any sort of
abnormality. High or low expression may yield mechanistic clues, but both proteins were
consistently expressed.

DiMNF Treatment
Having established basal expression of CFH, CD55 and AHR, we wished to
examine the effect of exposure to IL-1β in conjunction with DiMNF, a SAhRM
previously demonstrated to suppress cytokine mediated gene induction. HNSCC lines 9,
13, 15, 30, and 2095 were grown to ~80% confluence and then, in addition to the control,
underwent treatments of either 2ng/mL IL-1B, 10 µM DiMNF, or a combination of IL1B and DiMNF. The control and IL-1B treatments were pre-treated with DMSO (vehicle)
for 1 hour. The DiMNF and IL-1B/DiMNF treatments were pre-treated with 10 µM
DiMNF for 1 hour. After this hour, IL-1B (2ng/ml) was added to the IL-1B and
DiMNF/IL-1B treatments. The cells were lysed after 24 hours and analyzed via
immunoblots. The results are summarized in table 3-1. The data revealed a heterogenous
response to cytokine and DiMNF across the HNSCC lines examined. In the case of
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HNSCC-13, IL-1B appeared to have no effect on CFH levels compared to the control.
However, DiMNF treatment down-regulated expression, even in the presence of IL-1B.
CD55 expression followed a similar trend (Figure 3-5). In HNSCC-15, IL-1B had no
effect compared to the control, but DiMNF increased CFH levels, even with cotreatment
of IL-1B. CD55 levels conversely started high and were unchanged with IL-1B.
However, CD55 decreased upon treatment with DiMNF, even with cotreatment of IL-1B.
HNSCC-30 actually displayed an inverse trend compared to HNSCC-15. DiMNF and
DiMNF/IL-1B treatments decreased CFH levels while CD55 levels increased, compared
to the control and IL-1B treatments. HNSCC-2095 and HNSCC-9 show no clear changes
in any treatments.
HNSCC
13
15
30
9
2095

IL-1B
–
–
–
–
–

DiMNF
↓↓
↑↑
↓↓
–
–

IL/DiMNF
↓↓
↑↑
↓↓
–
–

CFH

HNSCC
13
15
30
9
2095

IL-1B
↓
–
–
–
–

DiMNF
↓↓
↓↓
↑↑
–
–

IL/DiMNF
↓↓
↓↓
↑↑
–
–

CD55

Table 3-1: Summary of effects of DiMNF and IL-1B treatments on various HNSCC
Lines
Immunoblot protein expression is compared to the control band. One arrow represents a slight
intensity change, while two indicates a substantial change. A dash indicates no change in intensity
from the control. IL-1B treatment had no change on the expression of either protein, although an
increase in complement proteins was expected. HN13 was the only line that showed simultaneous
decrease in both proteins.

C

IL

D

D/IL

C

IL

D

D/IL

C

IL

D

D/IL
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CFH 150 kDa>

76 kDa >
CD55
Treatment Key:
C = DMSO
IL = DMSO + IL-1B
D = DiMNF
D/IL = DiMNF + IL-1B

β-actin 42 kDa>
Figure 3-6: Immunoblot of Treated HNSCC-13

Protein was extracted from HN13 cells treated with DMSO (control), DMSO + IL-1B,
DiMNF, or DiMNF + IL-1B. Immunoblot analysis revealed a quantitative amount to infer the
effects of the treatments. The proteins ran according to size as follows: CFH – 150 kDa, CD55 –
70 kDa and β-actin (loading control) – 42 kDa. DiMNF has a repressive effect on the expression
of both CFH and CD55, even in the presence of IL-1B. Done in triplicate (n=3)
C

IL

D D/IL

C

IL

D

D/IL

C

IL

D

D/IL

CFH 150 kDa>

76 kDa >
CD55

β-actin 42 kDa>

Treatment Key:
C = DMSO
IL = DMSO + IL-1B
D = DiMNF
D/IL = DiMNF + IL-1B

Figure 3-7: Immunoblot of Treated HNSCC-15
Protein was extracted from HN15 cells treated with DMSO (control), DMSO + IL-1B, DiMNF,
or DiMNF + IL-1B. Immunoblot analysis revealed a quantitative amount to infer the effects of
the treatments. The proteins ran according to size as follows: CFH – 150 kDa, CD55 – 70 kDa
and β-actin (loading control) – 42 kDa. DiMNF increases CFH expression but attenuates CD55
expression. Done in triplicate (n=3)
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CFH 150 kDa>

76 kDa >
CD55

β-actin 42 kDa>
Figure 3-8: Immunoblot of Treated HNSCC-30

Treatment Key:
C = DMSO
IL = DMSO + IL-1B
D = DiMNF
D/IL = DiMNF + IL-1B

Protein was extracted from HN30 cells treated with DMSO (control), DMSO + IL-1B, DiMNF,
or DiMNF + IL-1B. Immunoblot analysis revealed a quantitative amount to infer the effects of
the treatments. The proteins ran according to size as follows: CFH – 150 kDa, CD55 – 70 kDa
and β-actin (loading control) – 42 kDa. DiMNF decreases CFH expression but augments CD55
expression. Done in triplicate (n=3)
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CFH 150 kDa>

76 kDa >
CD55

β-actin 42 kDa>

CFH 150 kDa>

76 kDa >
CD55

Treatment Key:
C = DMSO
IL = DMSO + IL-1B
D = DiMNF
D/IL = DiMNF + IL-1B

β-actin 42 kDa>
Figure 3-9: Immunoblot of Treated HNSCC-2095 and HNSCC-9
Protein was extracted from HN2095 and HN9 cells treated with DMSO (control), DMSO + IL1B, DiMNF, or DiMNF + IL-1B. Immunoblot analysis revealed a rough quantitative amount to
infer the effects of the treatments. The proteins ran according to size as follows: CFH – 150 kDa,
CD55 – 70 kDa and Β-actin (loading control) – 42 kDa. DiMNF does not have a noticeable
effect on either CFH or CD55 in either line. CFH was only slightly detected in HN9, a result of a
low basal expression. Done in triplicate (n=3)
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DISCUSSION

In vitro Model For SAHRM-mediated Complement Inhibition Repression
SAHRM-mediated modulation is a promising field of study that combines
toxicology, organic chemistry, and biochemistry. Recently, it has been shown that AHR
antagonists and SAHRMs can modulate acute-phase response in human hepatoma cells
without a DRE-driven CYP response17. Given the prevalence and notoriety of breast
cancer, this effect was tested in MCF-7 breast cancer cells. However, it was determined
that head and neck squamous cell carcinoma lines were more responsive to SAHRM
treatment35. In this experiment, complement inhibition factor expression was analyzed in
MCF-7 cells with and without AHR siRNA knockdown. MCF-7 cells appeared to
express no complement Factor H and expressed relatively unchanged low levels of
CD55. Over-expression of both membrane-bound CD55 and soluble CFH has been
attributed to tumor survival and concealment from complement attack complexes. Thus,
MCF-7 cells were determined to be a poor model for this specific experiment32,33,34.
SAHRMs had previously been used to elicit acute-phase response from HNSCC
lines with much success. This experiment focused on determining whether complement
proteins of HNSCC lines would respond as the acute-phase response proteins had. It is
worth hypothesizing that HNSCC-15, which expressed the highest basal levels of both
CD55 and CFH would be the most aggressive and fastest growing cancer cell line.
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Regardless, all of the HNSCC lines expressed at least some level of CFH and CD55,
making it a viable model for the experiment.

HNSCC Response to IL-1β
Several studies have provided evidence to the overlap between AHR and NFkB
inflammation pathways1,23. A critical part of the inflammation response is the signaling of
cytokines such as interleukin-1β (IL-1β) and interleukin-6 (IL-6). AHR ligand binding
has sometimes resulted in increased cytokine expression, while other times it has
repressed cytokine expression27,35. IL-1β is typically noted as a pro-inflammatory
cytokine that can further induce an IL-6-mediated inflammatory response26. However,
upon treatment with IL-1β, it was surprising to see little change from the control. It was
initially expected that expression of CD55 and CFH would increase in response to
exposure to IL-1β. For example, important complement proteins such as C3 and C4 are
known to increase in hepatoma cells upon treatment with IL-1β24. However, in this
project, CFH and CD55 levels remained unchanged from their control levels when
treated with IL-1β.

Effectiveness of DiMNF in Repressing Complement Inhibitory Proteins
Treatment of various HNSCC lines with the SAHRM DiMNF yielded a widerange of responses. Of particular note is the lack of effect that IL-1β had on treatment
outcomes, as all responses to DiMNF remained the same whether or not IL-1β was
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present in the treatment. Given the ultimate goal of reducing CD55 and CFH expression
in head and neck squamous cancer cells, it was hoped that DiMNF treatment would show
down-regulation of CD55 and CFH. The most promising cell line to be treated was
HNSCC-13, which showed decrease in both CD55 and CFH upon treatment with
DiMNF. Treatment of HNSCC-15 showed increased CFH expression, but decreased
CD55 expression. Curiously, HNSCC-30 demonstrated the opposite effect. In this line,
CFH expression decreased as CD55 increased. To add to the variety of responses,
treatment of HNSCC-9 and HNSCC-2095 appeared to elicit no change in either CFH or
CD55 levels. Given the variety of responses from cell line to cell line, it was concluded
that, while theoretically DiMNF should repress complement proteins including CFH and
CD55, HNSCC lines failed to respond in a manner that would be useful for future
SAhRM research.

Reasoning for Varied Responses of HNSCC to DiMNF
Part of this experiment relied on an assumed response to IL-1B’s
proinflammatory signal. However, some of these HNSCC lines may not be susceptible to
IL-1B-mediated inflammation as they may somehow suppress cytokine receptors.
Another possible explanation is that DiMNF minimally affected lines having very low
basal CD55 and CFH when IL-1B inflammation failed. HNSCC-13, which demonstrated
the expected repression, may warrant further receptor study to determine the reasoning
behind this. An interesting hypothesis for the inverse regulation of CFH and CD55 in
HNSCC-15 and HNSCC-30 is a compensatory mechanism that reacted to a decrease in
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one complement inhibitor factor with an increase in the other. This is a phenomenon that
may also warrant further study.

Conclusions
Both MCF-7 and HNSCC cell lines were demonstrated to be poor models for
testing of SAhRM-mediated repression of complement inhibitory proteins. It was
determined through AHR siRNA knockdown experiments that AHR signaling had an
effect on CD55 expression in MCF-7 cells. However, MCF-7 cells did not express any
CFH and did not respond to cytokine treatment. HNSCC lines demonstrated a similar
result as complement inhibitory proteins were unaffected by cytokine treatment. DiMNF
treatment did have an effect (albeit, a heterogeneous one) on complement inhibitory
proteins in the HNSCC lines examined.

Further Research
While this particular project failed in producing a cohesive result that
demonstrated universal complement repression across HNSCC lines by DiMNF, it did
show that in certain cases, it could work. SAHRM research, in general, is an exciting and
novel field that could unlock many therapeutic benefits as more is learned about the role
of AHR in non-xenobiotic metabolism roles. The evidence presented in the literature and
this experiment also implicates CFH and CD55 as major targets of repression for chronic
inflammatory disorders such as cancer and rheumatoid arthritis. Furthermore, the idea to
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selectively repress complement inhibition factors on cancer cells to enhance their natural
detection and elimination by the organism is a promising method to fight tumor growth
and metastasis.
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