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Abstract 

 

S100B regulates IL-6 signaling via the p90 ribosomal S6 kinase (RSK) in malignant 

melanoma. 

 

Milad Alasady, Doctor of Philosophy, 2017 

 

Dissertation directed by: David J. Weber, Professor, Biochemistry and Molecular 

Biology, University of Maryland, Baltimore. Nissim Hay, Distinguished Professor, 

Biochemistry and Molecular Genetics, University of Illinois, Chicago. 

 
 

The S100B protein, a member of the S100 protein family, is highly elevated 

during the progression of melanoma. Elevated level of S100B in the serum is used as a 

marker in melanoma and other cancers. However, the function of S100B in the 

progression of melanoma is not completely understood. Here we uncovered a regulatory 

mechanism that defines interplay between S100B, Interleukin-6 (IL-6), STAT3, and 

CREB. First, we show that S100B inhibits IL-6 mRNA and protein levels. Silencing 

S100B in melanoma cells induces the expression and secretion of IL-6, which in turn 

induced STAT3 phosphorylation and activation. S100B exerts its effect on the IL-

6/STAT3 pathway via the p90 ribosomal S6 kinase (RSK), and the phosphorylation and 

activation of transcription factor CREB. High S100B in melanoma cells binds to RSK 

and sequesters RSK in the cytoplasm. Silencing of S100B enables RSK nuclear 

translocation, which in turn elevates CREB phosphorylation and its transcriptional 

activity in the nucleus to induce IL-6 expression. Therefore, high S100B in melanoma 

suppresses IL-6 expression. Since IL-6 was shown to inhibit the proliferation of 

melanocytes and early stage melanoma cells, we propose that the suppression of IL-6 by 

S100B evolved to circumvent the inhibitory effect of IL-6 and STAT3 at early stages of 

melanoma. It is also possible that suppression of IL-6 by S100B evolved to curb the local 



 
 

 
 

immune response, which otherwise would be elevated by the secreted IL-6.  Indeed, we 

show that S100B silencing upregulates the expression of several chemokine ligands, 

chemokine receptors, and interleukins that are involved in the immune response. For 

example, we show that S100B depletion induces expression of cytokines, CSF-1 and 

CSF-2, in STAT3-dependent manner. These results suggest that S100B inhibits 

interleukins and chemokines to perhaps curb the immune response within the tumor 

microenvironment. Future experiments in mice models and cell culture systems are 

necessary to further evaluate the role of S100B in regulating the immune response in 

malignant melanoma. 

We are also in search for S100B inhibitors that can potentially prevent S100B-

target complex formation and reduce tumor growth. Cellular characterization of 

pentamidine/heptamidine derivatives, covalently bound inhibitors, and SC0025 were 

explored in the non-targeting scrambled and stable S100B knockdown WM115 cell line. 

We show that lower concentrations of SC124, SBi4172, SC1982, and SC0025 inhibitors 

were needed to inhibit cell growth in the non-targeting scrambled WM115 versus stable 

S100B knockdown WM115 cells indicating that these compounds have specificity 

toward S100B-containing cells. We also show that SC1982 restored p53 protein level by 

more than 2-fold, while SC0025 restored only IL-6 protein level. The characterization of 

SC1982 and SC0025, which occupy sites 2 and 3 within S100B binding pockets, 

respectively, reveals that occupying one binding site within S100B binding pocket is not 

sufficient to restore multiple S100B targets. The goal is to identify S100B inhibitors that 

can prevent binding of multiple targets and reduce tumor growth as therapeutic 

intervention for melanoma therapy with elevated S100B.  
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RAGE:  receptor for advanced glycation endproducts  

Rb: retinoblastoma 

RGP: radial growth phase 

ROS: reactive oxygen species  

RSK: p90 ribosomal S6 kinase  

RTK: tyrosine receptor kinase  

SOCS3: Suppressor of cytokine signaling 3  

SSM: superficial spreading melanoma 

STAT3: Signal transducer and activator of transcription 3 

https://en.wikipedia.org/wiki/Receptor_(biochemistry)
https://en.wikipedia.org/wiki/Advanced_glycation_end-product
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TBX2: T-Box transcription factor 2 

TSC2: Tuberous Sclerosis Complex 2 

TYR: trans-activate tyrosinase 

TYRP1: tyrosinase related peptide 1 

VGP: vertical growth phase 

Wnt: wingless-type 
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Chapter 1 

Introduction 
  

 

1.1 Malignant Melanoma  

Melanoma is a skin cancer that originates in the melanocytes of the basal layer of 

the epidermis. Malignant melanoma is the most aggressive form of skin cancer 

accounting for most skin cancer deaths, although it accounts for less than 2% of all skin 

cancer cases; basal cell carcinoma and squamous cell carcinoma being the most common 

forms of skin cancer (1). The American Cancer Society predicted that ~ 87,000 new cases 

of melanoma will be diagnosed in 2017.  Early stage melanoma can be cured if treated 

early. However, metastatic melanoma is very invasive and contributes to poor response 

rate among patients. The median survival rate is 6 months and only less than 5% of 

patients have 5 years survival rate.  Thus, continuous understanding of melanoma biology 

is crucial to advance therapeutic strategies for this cancer (2,3).  

 

1.1.1. Melanocytes  
 

 The skin is divided into 3 layers, the epidermis, dermis, and subcutaneous. The 

epidermis is the top layer, which is a thin layer to protect the underneath layers.  The 

epidermis includes there types of skin cells: the squamous cells, basal keratinocytes, and 

melanocytes.  The squamous cells are the top layer, which are constantly peeling off. The 

basal cells or basal keratinocytes divide to replace the squamous cells (4). As the basal 

keratinocytes move up, they change shape and become squamous cells  
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Figure 1-1: Anatomy of the skin.  

The skin is divided into three layers; the epidermis, dermis, and subcutaneous. The 

melanocytes are located within the keratinocytes. The major function of melanocytes is 

melanin synthesis, which is used by keratinocytes to protect the skin from UV exposure 

 

(Figure 1-1). Melanocytes are specialized pigmented cells that make a brown pigment 

called melanin; melanin gives the skin a tan or brown color. Melanin protects the skin 

from exposure of the sun (4). Upon UV radiation, via p53-dependent mechanism, the 

keratinocytes produce and secrete α-melanocyte stimulating hormone (αMSH), which 

binds to the melanocortin 1 receptor (MICR) on the melanocytes. The signaling of the 

αMSH/MICR initiates a transduction cascade to activate expression of Micropathalmeia-

associated transcription factor (MITF). MITF induces expression of tyrosinase (TYR) 

and tyrosinase-related peptide 1 (TYRP1) that are involved in the synthesis of melanin 
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(Figure 1-2). Melanin is then delivered to the keratinocytes. In the keratinocytes, melanin 

is dispersed among the cells to absorb UV radiation (5,6).   

Figure 1-2: The synthesis of melanin in melanocytes.  
Upon UV exposure, the pro-opiomelanocortin (POMC) is transcribed in p53-dependent 

manner, which is cleaved into αMSH. αMSH is released from keratinocytes and binds 

MCIR on melanocytes to initiate MITF transcription. MITF trans-activate synthesis of 

tyrosinase (TYR) and tyrosinase related peptide 1 (TYRP1), enzymes involved in 

melanin synthesis. Melanin is then released into keratinocytes to protect against UV.   
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1.1.2. Progression of melanoma  
 

  Melanoma arises when melanocytes undergo unregulated growth due to genetic or 

acquired mutation. Under normal conditions, the melanocytes are highly regulated by 

keratinocytes via cell-cell communication and regulatory growth factors. Disruption of 

any of these factors can cause abnormal proliferation of melanocytes, which can lead to 

melanoma (4). Melanoma can progress to undergo radial growth phase (RGP). The RGP 

is manifested by horizontal-growth lesions in which naevi grow along the epidermal layer 

but are less likely to metastasize. However, melanoma in the RGP phase can expand to 

enter the vertical-growth phase (VGP), in which melanocytes proliferate and invade the 

dermis. The VGP is more metastatic because it has the potential to invade not only the 

dermis but other tissues as well. The linear progression model indicates that melanoma 

can grow and spread radially to enter the RGP, progress to enter the VGP, and then 

metastasize to the dermis and other tissues. However, not all melanoma will progress in 

this manner. Some melanoma grows and spreads to enter the VGP directly and 

metastasize faster by bypassing the RGP (7,8) .  

 

1.1.3 Types of melanoma 
 

 There are four types of melanoma: superficial spreading melanoma (SSM), 

nodular melanoma (NM), lentigo melanoma, and acral lentiginous melanoma (ALM). 

The superficial spreading melanoma is the most common melanoma contributing to 70% 

of melanoma cases. SSM grows along radial phase of the epidermis and it is 

characterized as RGP. SSM can progress from RGP to VGP, and then metastases to other 

tissues. Nodular melanoma is the most aggressive and 2
nd

 most common melanoma 
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contributing to 15-20% of melanoma cases. NM is characterized by VGP without the 

radial growth phase. Lentigo melanoma is the third type that grows and spreads in the 

same manner as the superficial spreading melanoma; on the top layer of the epidermis. 

Lentigo melanoma is non-invasive that is considered melanoma in-situ. Once it becomes 

invasive, it is called lentigo maligna melanoma. Finally, the fourth type of melanoma is 

acral lentiginous melanoma that spreads superficially along the surface of the epidermis. 

Acral lentiginous melanoma becomes invasive and progress to the VGP, where 

melanoma cells enter and invade the dermis (4,6,9).  

 

1.1.4. Altered signaling pathways in melanoma 

1.1.4.A. The RAS/RAF/MEK/ERK pathway  

The RAF/MEK/ERK cascade plays a central role in the proliferation and growth 

of melanoma.  This MAPK pathway is activated by growth factors, cytokines, and other 

extracellular signals to induce cellular proliferation, growth, survival, migration, and 

differentiation. The extracellular signal regulated kinase (ERK1/2) is activated by 

MEK1/2 kinases, which are themselves activated by the MAPKKK kinases of the RAF 

family including CRAF, ARAF, and BRAF. The pathway is initially activated via cell 

surface receptors such as the G-protein coupled receptors (GPCR) and receptor tyrosine 

kinases (RTK) (10). Once these receptors are activated by growth factors such as 

fibroblast growth factor (FGF), the signal is transduced to the RAS family of small 

GTPases. RAS is located in the inner leaf of the plasma membrane. Activated RAS 

subsequently transmits the signal to activate the RAF/MEK/ERK module. ERK activates 

enzymes and kinases that are important for cellular functions (11,12). 
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 The RAF/MEK/ERK pathway plays an important role in melanoma, in which the 

ERK kinase is abnormally activated in more than 90% of melanoma patients. The activity 

of the ERK kinases correlates with melanoma stages; where higher activity is in 

advanced stages indicating that constitutively active ERK may contribute to tumor 

invasion and metastasis. The most common mutation, described in majority of 

melanomas, is in the BRAF gene, in which valine at amino acid position 600 is mutated 

to glutamic acid. This mutation causes the BRAF to be constitutively active. As a result, 

BRAF constantly phosphorylates and activates MEK1/2, which in turn hyperactivates 

ERK (Figure 1-3). Mutations in RAS also exist but less common; only 15-30 % of 

melanomas have RAS mutations. Both RAS and/or BRAF mutations activate ERK 

signaling, which can lead to increased proliferation, survival, and growth of tumor in 

melanoma (4,6).  

 

1.1.4.B. The PI(3)K/Akt pathway 
 

The phosphoinositide-3-OH kinase (PI3K) signaling pathway is another altered 

pathway in melanoma. The PI3 kinase, which is activated by tyrosine receptor kinases 

and G-protein-coupled receptors, induces the phosphorylation and production of 

phosphatidylinositol (3,4,5) triphosphates (PIP3) from phosphatidylinositol (4,5) 

bisphosphates (PIP2). The PIP3 lipids are located in the plasma membrane and serve as a 

docking site for downstream effectors such as Akt/PKA and phosphoinositide-dependent 

kinase 1 (PDK1). PDK1 contains a pleckstrin homology domain (PH domain) that  
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Figure 1-3: Altered mechanisms in melanoma.  
Mutation is BRAF or NRAS leads to hyperactive ERK, which enhances proliferation and 

survival. Mutation in PTEN leads to the activation of PI(3)K pathway; enhancing 

survival and translation. Inactive p16
INK4

 or ARF due to mutation in the CDKN2A gene 

leads to inhibition of cell cycle arrest and apoptosis. (See text for details).  

 

recognizes and binds to the PIP3. Once recruited to the PIP3 at the plasma membrane, 

PDK1 phosphorylates and fully activates Akt (Figure 1-3). The PI3K pathway is 

inhibited by protein phosphatase 2A (PP2A) and the PH-domain Leucine-rich-repeat-

containing protein phosphatases (PHLPP1/2), both of which dephosphorylate Akt. 

Furthermore, the phosphate and tension homologue (PTEN) dephosphorylates PI3 kinase; 

thus, mediating another inhibition mechanism of the PI(3)K pathway (13,14).  

The PI3K/Akt signaling pathway is involved in many cellular processes such as 

proliferation, survival, growth, and translation; it is highly altered in melanoma (Figure 1-

3). Akt is overexpressed in 60% of melanoma patients. Also, loss of PTEN is highly 

common in melanoma with PTEN mutations occurring in late stage of melanomas. 
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Furthermore, hyper activating mutations in PI3K occur in 3% of metastatic melanomas.  

The PI3K and the MAPK pathways must be both altered to enhance melanoma 

progression (Figure 1-3). BRAF mutations that activate the ERK pathway are not 

sufficient to induce melanoma progression. For example, in melanoma with BRAF 

mutations, another mutation in PTEN must occur in order for the MAPK and PI3K 

pathways to be activated to enhance tumor progression. However, both BRAF and PI3K 

are downstream of RAS, a gain of function mutation in NRAS only can still activate both 

the MAPK/MEK/ERK and PI3K pathways (Figure 1-3) (4,15,16).  

 

1.1.4.C. The p16
INK4a

/ARF pathway 

 The retinoblastoma (Rb)/E2F signaling pathway regulates cell proliferation and 

cell-cycle progression. E2F belongs to a family of transcription factors that activate the 

expression of genes involved in cell cycle progression and DNA synthesis. The tumor 

suppressor Rb interacts with and inhibits the activity of E2F; therefore, inhibiting cell 

cycle progression (Figure 1-3). The Rb/E2F interaction is disturbed when Rb is 

phosphorylated by the cyclin D-dependent kinase 4 (CDK4) and cyclin D; hence, E2F is 

active to initiate transcription activation and cell cycle progression. The tumor suppressor 

p16
INK4a

 binds and inhibits CDK4/Cyclin D; therefore, preventing Rb phosphorylation 

(Figure 1-3). Thus, p16
INK4a 

inhibits cell cycle progression and DNA replication allowing 

the cells to enter a state called senescence, in which cell proliferation is arrested. 

Senescence is an important process for the cells to stop abnormal cell proliferation (17).  

 The gene that encodes p16
INK4a

 is cdkN2A, which also encodes tumor suppressor 

p14
ARF

. The tumor suppressor p14
ARF

 induces apoptosis and arrest cell-cycle by 
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inhibiting MDM2; therefore, promoting p53 activation. Subsequently, p53 induces 

apoptosis and inhibits cell cycle progression under DNA damage or cell stress. For 

example, p53 activates p21, which inhibits CDK/cyclin complexes. As noted above, 

inhibition of CDK/cyclin complexes prevents phosphorylation of Rb and therefore, cell 

cycle progression is halted (Figure 1-3).  

 The p16
INK4a

/ARF pathway is often inactivated in malignant melanoma. The 

cdkN2A is mutated in 70 % of melanoma patients.  In addition, cyclin D is overexpressed 

in 44 % of melanomas. Also, a mutation in CDK4 that blocks p16
INK4a

 binding to CDK4 

exists and contributes to melanoma progression. Several studies showed that mutation of 

either BRAF or NRAS alone is not enough to initiate melanoma progression; a defect in 

the p16
INK4a

 pathway is required to transform melanocytes into melanoma (18).  

   

1.1.4.D. The MITF pathway  
 

MITF is a helix-loop-helix leucine zipper transcription factor that plays a major 

role in melanocyte/melanoma differentiation and growth. The main function of MITF is 

to enhance the transcription of several genes directly involved in the production of 

melanin such as TYR and TYRP1 (Figure 1-2). The MITF gene contains nine promoters 

that give rise to nine different MITF isoforms; the MITF-M promoter is specifically 

expressed in melanocytes. MITF-M is activated by several transcription factors such as c-

AMP responsive element-binding protein (CREB) via α-MSH and MICR signaling, 

paired box gene 3 (PAX3) through IL-6 signaling, and lymphoid enhancer-binding factor 

1 (LEF1/TCF) via Wingless-type (WNT) signaling (Figure 1-4). MITF is also regulated 
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in a post-translational manner by the RAF/MEK/ERK. For example, the phosphorylation 

of MITF by ERK directs the MITF for proteasome-dependent degradation (19).  

 MITF plays a role as oncogene in melanoma development and progression.  

The MITF gene is amplified in 20% of melanoma cases with higher incidence in 

metastatic melanoma. MITF regulates proliferation, growth, and survival of melanoma by 

targeting and regulating several genes such as T-Box transcription factor 2 (TBX2) and 

CDK2. Several studies showed a positive correlation between MITF and CDK2, which is 

known to induce cell-cycle progression by inhibiting tumor suppressor Rb. Also, MITF 

targets and activates TBX2, which is highly elevated in melanoma. TBX2 represses 

p19
ARF

 and p21 to maintain proliferation and suppress senescence (19-22).  
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Figure 1-4: Regulation of MITF expression. 

MITF expression is regulated via different pathways. IL-6 signaling through STAT3 

inhibits PAX3, which in turn lead to inhibition of MITF expression. WNT signaling 

activates MITF expression via β-catenin and TCF/LEF. Further, αMSH released from 

keratinocytes binds to MCIR on melanocytes and activates CREB in c-AMP-dependent 

manner, which in turn activates MITF expression. In melanocytes, MITF activates the 

expression of several genes involved in proliferation, cell survival, and differentiation.  

 

Thus, MITF plays an important role in transforming melanoma; however, MITF is 

phosphorylated by hyperactive ERK1/2 and directed for degradation via the proteasome 

(23,24). Since MITF is required for transforming melanoma as suggested above, 
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melanoma must adopt another pathway or mechanism to gain MITF level for tumor 

growth and transformation (19,23).   

 

1.1.5. Targeted therapy 
 

Current melanoma therapy consists of alkylating agents, such as Dacarbazine, 

which methylate DNA and trigger cell death (25). Promising treatment options for 

malignant melanoma patients involve immune checkpoint inhibitors. Immunotherapeutic 

strategies such as CTLA-4 antigens have recently been approved for melanoma therapy. 

One monoclonal antibody targeting CTLA-4 called Ipilimumab enhanced patients’ 

survival for < 10.1 months in a phase III study. Other monoclonal antibodies targeting 

programmed cell death 1 receptor (PD1) and its ligands (PDL1/2) are also in clinical 

trials (26). 

BRAF inhibitors such as Vemurafenib and dabrafenib are also used for targeted 

melanoma therapy. However, patients’ response is partial and resistance develops after 5-

7 months of therapy. Development of resistance is due to the reactivation of MAPK 

pathway via second mutation in the MEK gene (2). Hence, development of combination 

therapies that target both BRAF and MEK were invented. BRAF and MEK inhibitors 

such as vemurafenib and trametinib, respectively, show improved response rate and 

overall survival indicating the importance of not only MEK inhibitors but also combined 

therapy (27). In addition, combination therapy of both BRAF inhibitor and either anti-

PDI1 or anti-PDL1 monoclonal antibodies improved response, sustained survival, and 

reduced tumor growth further confirming the efficiency of targeting multiple mechanisms 

using combined therapy (28). Combinations of BRAF, MEK, and Aurora kinase A 



 
 

13 
 

(AurkA) inhibitors had greater effect on the proliferation and tumor growth of a A375 

melanoma cell line harboring the BRAF V600E mutation. However, elevated levels of 

S100B, which is a melanoma biomarker and positive tumor growth regulator, were still 

detected in the majority of dermal stratum suggesting the presence of proliferating cells 

(2). The latter study raises the question of S100B effects on the outcome of current 

melanoma therapies. The presence of S100B in these proliferating cells can lead to 

therapeutic resistance and emphasizes the importance of S100B as a melanoma 

biomarker and prognostic factor. Thus, molecular characterization of S100B may be 

necessary for development of new therapeutic approaches.  

 

1.2. Calcium-binding S100B protein  

Although several prognostic melanocytic biomarkers have been identified such as 

melanoma inhibitory activity (MIA) protein, lactate dehydrogenase (LDH), HMB 45, and 

Melan A/Mart 1, S100B protein remains the most common and useful biomarker in 

malignant melanoma. S100B is highly expressed in the peripheral blood of 95% of 

melanoma patients. Elevated S100B in the serum of patients correlates with poor 

response, increased recurrence, and lower survival (1,29).  

 

1.2.1 S100 family of proteins 
 

 S100B belongs to the S100 family of proteins; a large family consisting of more 

than 20 members of intracellular and extracellular calcium-binding proteins. The first 

form to be identified in 1965 was from bovine brain and thus was initially classified as 

brain-specific. It was called S100 because of its ability to be soluble in 100%-saturated 



 
 

14 
 

solution with ammonium sulfate. In 1981, Isobe et al. showed that this S100 sample 

consists of two distinct proteins, now called S100A and S100B, both of which have a 

molecular weight of ~10 kDa. Subsequent study has identified S100B protein in human 

skin and specifically in melanocytes indicating that S100B is not only a brain-specific 

protein but also expressed in other cells (30,31).  

  The S100 proteins can act as intracellular regulators controlling a wide variety of 

cell functions. The cytoplasmic forms of S100 proteins can be secreted; thus acting as 

extracellular signaling proteins regulating target cells via either autocrine or paracrine 

mechanisms. S100 proteins exert their function via interactions with many target proteins 

such as enzymes, transcription factors, receptors, and cytoskeleton proteins to regulate 

proliferation, survival, cell growth, apoptosis, cell structure and shape, differentiation, 

migration, and invasion. (31,32).   

 As calcium-binding proteins, calcium binding is required for S100 protein to 

interact with target proteins and regulate diverse cellular functions. The structure of S100 

proteins is composed of two EF-hand motifs. These EF-hand motifs are similar to the EF-

hand motifs found in calmodulin and troponin-C. Each motif consists of a helix-loop-

helix (HLH) and the two motifs are separated by a hinge region. The N-terminal HLH 

motif is called non-canonical (pseudo-) because it binds calcium with lower affinity. The 

canonical C-terminal HLH motif has a higher calcium binding affinity. Calcium binding 

alters the conformation of the S100 proteins exposing the hydrophobic surface of helix 

III; the pocket site for S100 target proteins.  S100 proteins bind calcium with very low 

affinity in the absence of target. The binding of S100 targets expose calcium binding 

pockets, which increases the affinity for calcium and locks S100 structure to secure 
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calcium and target binding. The S100 affinity to calcium upon target binding is crucial to 

maintain the physiological level of calcium. Otherwise, S100 proteins would sequester 

too much calcium ions that are needed for cellular functions (3,31,33).  

 

1.2.2 S100B protein  
 

S100B is the most commonly known and studied among all of the S100 proteins. 

S100B is expressed in a variety of cells such as neurons, chondrocytes, myoblasts, 

skeletal myofibrils, and melanocytes. S100B targets include transcription factors, 

receptors, enzymes, kinases, and cytoskeleton proteins (Figure 1-5). S100B is involved in 

many cellular processes such inhibition of differentiation and apoptosis while increasing 

proliferation, maintaining cell shape, and metabolism. Thus, S100B levels are regulated 

during different stage of development (31,34-36). For example, S100B is downregulated 

during differentiation; perhaps to prevent inhibition of the EAG1 potassium channel, 

which  
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Figure 1-5. Targets of S100B  

S100B interacts with many proteins that are involved in cell proliferation, microtubule 

assembly, and cell structure and shape.  

 

is required at start of differentiation. S100B targets and inhibits EAG1; thus, S100B 

inhibition is required for differentiation to start. However, S100B expression is induced  

after differentiation so that cells can maintain cell shape, for example, by interaction with 

microtubules, and type III intermediate filaments to maintain cytoskeleton assembly (31).  

At the extracellular level, S100B can be passively secreted to participate in 

paracrine and autocrine signaling in a concentration-dependent manner. For example, in 

normal physiological levels in the astrocytes, S100B is released to bind and activate one 

of its receptors, receptor for advanced glycation end product (RAGE), on neuron cells to 

enhance neuronal survival and outgrowth. However, elevated levels of S100B can lead to 

toxic effects such as ROS production and cell death via hyper activation of RAGE.  

These concentration-dependent effects of S100B indicate the importance of concentration 

gradient within cells. At nanomolar concentration, S100B exerts proliferative effect via 
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induction of anti-apoptotic factors. On the other hand, at microMolar concentrations, 

S100B leads to cell death and ROS production by hyper activating RAGE receptors 

(31,37).  

S100B is expressed in melanocytes and highly elevated in melanoma. A normal 

level of S100B in normal melanocytes is necessary to regulate cellular functions such as 

proliferation and differentiation. However, when highly increased in melanoma, S100B 

interactions with target proteins lead to unregulated proliferation, survival, and apoptosis.  

S100B contributes to tumor progression and metastasis via the p53 pathway, 

MEK/ERK/RSK pathway, and RAGE signaling (3,25,32,38-42) (Figure 1-5) 

 

1.2.2.A Tumor suppressor p53 protein  
 

 Tumor suppressor p53 is a protein encoded by the TP53 gene and plays a crucial 

role in cell-cycle regulation, apoptosis, and differentiation. The transcription factor p53 

directly activates transcription of genes that are involved in cell cycle arrest, intrinsic and 

extrinsic apoptosis, DNA damage recognition, and DNA repair. Further, p53 activates 

apoptotic signaling in a transcription-independent manner (43). In response to stress, p53 

translocates to the mitochondria where it interacts with and activates many pro-apoptotic 

factors or inhibits anti-apoptotic proteins. p53 is synthesized with three domains. The 

central DNA-binding domain (DBD) binds the response elements in target genes. The N-

terminal transactivation domain binds to both positive and negative transcriptional co-

regulators. The C-terminal oligomerization domain (CTD) is subject to post-translation 
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Figure 1-6: The role of S100B in melanoma.  

S100B interacts with and prevents p53-transcriptional activity; thus, melanoma cells with 

elevated S100B continue to proliferate with decreases in apoptosis and cell cycle arrest. 

S100B/RSK complex formation sequesters RSK to the cytoplasm. See text for details.  

 

modifications, which strongly affect p53 oligomerization and activity; phosphorylation 

and/or acetylation in the C-terminus protect p53 from degradation (44,45).  

Many mutations in the p53 gene lead to the development and progression of 

several cancers by inhibiting apoptosis and increasing unregulated cell growth.  In 

addition, loss of p53 can be due to p53 degradation or reduced activity via interaction 

with other proteins such as S100B (45). 

  S100B binds and inhibits p53 activity, preventing activation of downstream p53-

target genes (Figure 1-6). Jacques Baudier’s group was the first to characterize the 

interaction of S100B and p53. Baudier et al. have shown that S100B interacts with both 

cellular and recombinant p53 and prevents protein kinase C-dependent phosphorylation 



 
 

19 
 

of p53. Moreover, the same group has shown that S100B binding inhibits p53 

oligomerization and activity (46,47).   

In melanoma, elevated S100B corresponds to low p53 level. Several melanoma 

cell lines with wild type p53 show negative correlations between p53 and S100B protein 

levels. For example, the UACC-2571 and C8146A malignant melanoma cell lines with 

high S100B have relatively low p53 level (39). On the other hand, LOX-MM, UACC-62, 

and SK-MEL-5 have low S100B protein but high p53 protein levels (39). S100B 

knockdown restores the p53 protein level and expression of genes downstream of p53 

such as p21, Bcl-2, and Hdm2. Furthermore, restoring p53 activity rescued the cleavage 

of PARP, activation of caspases 3 and 8, and DNA fragmentation following UV 

treatment. Thus, inhibiting S100B recovers p53 activity. S100B binds to the 

oligomerization and C-terminal domains of p53 and prevent its tetramerization; an event 

necessary for p53 function (3,39,47-51).  It is possible that multiple S100B proteins bind 

to different sites and synergistically effect p53 function in a dose-dependent manner.   

More importantly, the S100B promoter has seven regions with consensus p53-

binding elements. One of these S100B promoter regions perfectly matches the p53-

binding consensus sequence. P53 binds directly to this region of the S100B promoter 

suggesting that another feedback mechanism exists, other than Hmd2 and/or Hdm4, to 

downregulate the p53 levels (49). In the case of S100B protein, p53-dependent 

transactivation of S100B negatively regulates p53.  

Even though wild type p53 is present in melanoma, high S100B suppresses p53’s 

ability to activate apoptosis and halt the cell-cycle (39,49). Inhibition of p53 by S100B is 
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thus one possible mechanism behind the aggressive proliferation of melanoma cells 

despite having wild type p53.  

  

1.2.2.B. The p90 ribosomal S6 kinase (RSK)  
 

BRAF mutation causes BRAF to be constitutively active; as a result, BRAF 

constitutively phosphorylates and activates MEK1/2. Consequently, MEK1/2 activates 

ERK kinases. ERK then activates mitogen-and stress-activated kinase (MSK), the 

MAPK-interacting kinase (MNK), and RSK. Once active, RSK can phosphorylate and 

activate transcription factors such as c-Jun, c-Fos, and CREB to activate gene expression 

involved in cell proliferation, growth and survival (4,52). 

 In the case of RSK, ERK binds the C-terminal domain and phosphorylates the 

linker region at residues Thr-359, Ser-363, and the C-terminal kinase domain (CTKD) at 

Thr-573. The latter phosphorylation activates the CTKD, which subsequently 

phosphorylates Ser-380 at the linker region. The phosphorylated Ser-380 recruits PDK1 

to phosphorylate the N-terminal kinase domain (NTKD) at Ser-221. At this point, RSK is 

fully active to phosphorylate and activate downstream targets important for cell 

functions. Inactivation of RSK is done via phosphorylation of the NTKD at Ser-749, 

which attenuates RSK/ERK complex formation and reduces RSK activity (11,52,53).  

 Elevated S100B regulates the RAF/MEK/ERK pathway. Hartman et al., showed 

that S100B binds specifically to RSK and reduces the ERK-dependent phosphorylation at 

Thr-573 (Figure 1-6). More importantly, a calcium-binding mutant form of S100B did 

not inhibit RSK phosphorylation at Thr-573. This finding suggests the importance of both 

S100B and calcium signaling and demonstrates calcium-dependent S100B activity. 
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Importantly, concentration as low as 0.1-2 µM of intracellular calcium was enough to 

activate S100B. Interestingly, no direct interaction was observed between S100B and 

ERK. The formation of S100B-RSK complex in melanoma prevents ERK-dependent 

phosphorylation of RSK. As a result, RSK remains in the cytoplasm and possibly targets 

cytoplasmic proteins. In the cytoplasm, RSK can possibly decrease the activity and/or 

stability of many proteins such as tumor suppressors DAPK2, TSC2, and other 

transcription factors leading to decreases in apoptosis and differentiation, respectively. 

Cytoplasmic RSK can also activate rapamycin complex 1 (mTORC1) to increase cell 

growth, survival, proliferation, and migration of melanomas (42,54). Furthermore, 

S100B-dependent inhibition of RSK translocation to the nucleus prevents the activation 

of several RSK nuclear targets such as CREB.   

 

1.2.2.C. Receptor for Advanced Glycation Endproduct (RAGE) 

 In addition to an intracellular function, S100B functions as an extracellular 

protein in autocrine and paracrine manners. The most common receptor for S100B is the 

RAGE, which belongs to the immunoglobulin protein family. Although RAGE 

expression is important in early development, RAGE upregulation can lead to many 

diseases such as neurodegenerative diseases and cancer.  RAGE is composed of an 

extracellular region, one transmembrane spanning helix, and a short cytosolic domain. 

The extracellular domain consists of one V-like domain and two constant C-like domains.  

In 1999, S100B was the first of the S100 proteins to be characterized to bind RAGE and 

induce cell signaling. S100B can specifically interact with V-domain of RAGE 

extracellular region and mediates cell survival (55,56). 



 
 

22 
 

 In WM115 melanoma cell line, RAGE overexpression increased cell migration 

and invasion; whereas cellular proliferation was decreased (25). RAGE overexpression 

caused the cells to have mesenchymal-like morphology and collapsed F-actin, both of 

which resemble the mesenchymal-transition state suggesting a role of RAGE in 

melanoma metastasis. In the same study, intracellular and extracellular S100B levels 

increased in response to RAGE overexpression in WM115 cells suggesting a positive 

feedback loop (25). Indeed, competition assay using a monoclonal anti-RAGE antibody 

and increasing concentrations of S100B showed that S100B is able to displace the anti-

RAGE antibody and specifically bind the RAGE V domain in a calcium-dependent 

manner (25,57). These data are consistent with previous results that showed S100B 

binding to the V domain of the RAGE extracellular region (40,56). RAGE/S100B 

signaling also corresponds with melanoma tumor progression and metastasis. In fact, 

stage IV melanoma tumors highly overexpress RAGE and S100B compared to stage III 

melanoma highlighting the contribution of RAGE and S100B signaling as melanoma 

switches from proliferative to invasive states (40).  

 

1.3. The interleukin-6 (IL-6) signaling pathway 

  The IL-6 cytokine family is composed of IL-6, leukemia inhibitory factor (LIF), 

oncostatin M (OSM), and others. These cytokines have a common a mechanism by which 

they activate target genes. These cytokines bind to their corresponding non-signaling α 

receptors (e.g. IL-6Rα); thereafter, cytokine/receptor complex recognizes and binds the 

signaling transducing gp130 receptor. IL-6/IL-6Rα recognizes homodimers of gp130 
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receptors, while LIF and OSM interact with LIFR/gp130 and OSMR/gp130 heterodimers, 

respectively (58,59).  

 IL-6 signaling is initiated through the binding of IL-6 to the membrane-bound IL-

6 receptor. The IL-6/IL-6 receptor complex then binds the gp130 receptor and induces 

phosphorylation and activation of the Janus Kinases (JAK1/2). Phosphorylated JAKs 

thereafter induce phosphorylation of the cytoplasmic portions of gp130, which provide 

docking sites for the phosphorylation and activation of downstream effectors such as 

Ras/MAP kinase, Akt, and STAT3. Although gp130 is expressed on almost all cell types, 

IL-6R expression is limited to only some cell types. Thus, cells that do not express IL-

6Rα initiate IL-6 signaling through a slightly different mechanism: IL-6 trans-signaling 

(Figure 1-7). The IL-6 trans-signaling depends on a soluble form of IL-6 receptor (sIL-

6R), which is generated from protease cleavage of membrane-bound IL-6Rα or 

alternative splicing of the IL-6Rα mRNA. The sIL-6R released from one cell type binds 

to IL-6 and, as a complex, binds the gp130 receptor of adjacent cells. This IL-6 trans-

signaling mechanism is crucial because cells that do not express IL-6 receptor on their 

surfaces can still respond to growth factors or cytokines to initiate IL-6 signaling and 

activate downstream transcription factors (e.g. STAT3) (58-60).  
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Figure 1-7: Two mechanisms of IL-6 signaling. 

In classical IL-6 signaling, IL-6 cytokine recognizes and binds IL-6 receptor, which then 

binds to the gp130 receptor. In the IL-6 trans-signaling, soluble IL-6 receptor (sIL-6R) 

binds IL-6 cytokine. sIL-6R/IL-6 complex then recognizes gp130 on cells that lack IL-

6R.(See text for details).  

 

1.3.1 JAK/STAT3.  
 

 Signal of transducer and activator of transcription 3 (STAT3) transcription factor 

is localized to the cytoplasm in the absence of a stimulatory signal. STAT3 contains three 

domains, DNA-binding domain, transactivation domain with phosphorylation site 

(Tyr705), and SH domain. Janus kinases (JAK1/2) are tightly bound to the cytoplasmic 

portion of gp130. The binding of IL-6/IL-6Rα to gp130 receptors induces dimerization of 

gp130 and activates the transphosphorylation of JAK. From then on, JAK phosphorylates 

six tyrosine residues in the gp130 cytoplasmic portion. Four of the six phosphorylated 
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residues serve as docking site for STAT3 activation. STAT3 binds the phosphorylated 

residues through its SH2 domain. Once STAT3 is recruited to gp130, JAK 

phosphorylates STAT3 at Tyr705 (59). Thereafter, STAT3 is removed from the gp130 

receptors, homodimerizes with another STAT3 molecule, and translocates to the nucleus 

to activate STAT3 target genes. STAT3 activates many genes such as suppressor of 

cytokine signaling 3 (SOCS3), CCAAT/enhancer-binding protein (CEBPD), CDK 

inhibitor p27, cytokines, and transcription factors (60). SOCS3 expression serves as a 

negative feedback loop to inhibit STAT3. The IL-6 pathway is also inhibited through 

protein inhibitor of activated STAT (PIAS), which is an E3 SUMO-protein ligase that 

interacts with STAT3 and mediates STAT3 inhibition (61,62).  

 

1.3.2. MAPK and PI(3)K pathways  
 

 The RAF/MEK/ERK pathway is also activated through IL-6 signaling. 

Phosphorylated tyrosine residues on gp130 are used to recruit SH2-domain-containing 

tyrosine phosphatase (SHP2). JAK1 phosphorylates and activates SHP2, which then 

binds Grb2-SOS. Grb2-SOS is a guanine nucleotide exchange factor that activates small 

GTPases (e.g. RAS) by mediating the exchange of GTP for GPD. Active RAS then 

activates the RAF/MEK/ERK pathway (59,60) (Figure 1-7).   

 IL-6 signaling is also involved in the activation of the PI(3)K pathway via Grb2-

associated-binding protein (Gab1). The adaptor protein Gab1 is translocated to the 

plasma membrane via its PH domain. Gab1 contains binding sites for SHP2, Grb2, and 

PI(3)K. The phosphorylation of Gab1 in response to IL-6 signaling recruits Grb2, PI(3)K, 

and SHP2. PI(3)K induces the production of PIP3 from PIP2. PIP3 located in the plasma 
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membrane serves as a docking site for the recruitment of Akt and PDKI. PDKI 

phosphorylates and activates Akt (Figure 1-3; see section 1.1.4B for more details). The 

activation of the PI(3)K pathway via IL-6 signaling enhances survival and growth, and 

prevents apoptosis through activation of the FOXO and anti-apoptotic Mcl-1 proteins 

(59).   

 

1.3.3. The role of IL-6 signaling in cancer 
 

 IL-6 exhibits both pro-inflammatory and anti-inflammatory functions. IL-6 has 

known pro-inflammatory roles in initiating tumor growth and metastasis. Through either 

classical or IL-6 trans-signaling, STAT3 transactivates many genes involved in tumor 

growth and metastasis such as c-Myc, cell cycle regulator cyclin D1, and mTORC1 to 

mediate translation and enhance metabolism (60,63).  Activation of c-Myc activates the 

expression of cyclin D1, which in turn inhibits cell cycle regulator p21; thus IL-6 

signaling activates cell cycle progression. IL-6 signaling is also involved in methylation 

and inactivation of the p53 gene through STAT3-dependent activation of DNA (cytosine 

5)-methyltransferase 1 (DNMT1). Furthermore, angiogenesis and invasion are also 

regulated by IL-6 signaling. The expression of matrix metalloproteinases (MMP) 

correlates with activation of STAT3 indicating a role for IL-6/STAT3 in invasion. In the 

case of angiogenesis, the expression of vascular endothelial growth factor (VEGF) is 

induced by STAT3 via IL-6 signaling (64).  

 Although IL-6 signaling is commonly known to mediate growth and survival; 

recent studies have shown that IL-6 also plays a major role in activating the immune 

response and killing tumor cells. Numerous studies showed a role of IL-6 in activating 
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the immune response by mediating growth, activation, delivery, and differentiation of 

multiple immune cells such as B and T lymphocytes, monocytes, dendritic cells, and 

tumor-infiltrating lymphocytes (64-74). Several groups showed that IL-6 activates the 

immune response against the tumor cells by activating B and T lymphocytes, promoting 

T cell trafficking to the lymph nodes, and transmigration of T lymphocyte into tumor 

tissues. Cytotoxic lymphocytes (CTL) activation and infiltration of metastatic tumors are 

required and essential steps of the immune response in many cancers including 

melanoma. Lymphocyte infiltration is the movement of active lymphocytes from the 

blood into the tumor where they are involved in killing the tumor. The movement of 

lymphocytes to tumor tissues requires the expression of many receptors and chemokines 

on the T lymphocytes and the high endothelial venules (HEV) that facilitate the 

movements of T cells to lymph nodes, where they get activated, and then move to tumor 

sites. IL-6 trans-signaling is highly engaged in mediating the expression of receptors and 

molecules involved in lymphocytes activation and infiltrations (64,75). These effects 

suggest a central role for IL-6 signaling in enhancing immune responses against tumors; 

thus, IL-6 signaling can also be anti-tumorigenic.  

1.4. Scope of Project  

 The tumor marker S100B represents a novel melanoma target since it is elevated 

in >90% of patients. Elevated S100B correlates directly with poor survival, contributes to 

the transcriptional inhibition of the p53 protein and may contribute to immune evasion, 

particularly as recognized in melanoma vaccine clinical trials.  However, the mechanism 

of action of S100B in cancer is still poorly understood.  For these reasons, consequences 

of high levels of S100B in malignant melanoma were examined here via cellular studies. 
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 First, we used RT
2
PCR arrays to evaluate and determine the effect of elevated 

S100B on the expression of many genes involved in proliferation, growth, and survival. 

We used molecular techniques to determine the effect of elevated S100B on the 

expression of IL-6 and downstream effectors such as Akt and STAT3 in different 

melanoma cell lines. Chapter 2 presents a model of how elevated S100B inhibits IL-6 

signaling in a RSK- and CREB-dependent manner.  

 One major challenge was the effect of a tumorigenic regulator such as S100B on 

IL-6, which is generally known as pro-tumorigenic. To address this question, we used 

RT
2
PCR arrays technique to evaluate cytokines and chemokines that are known to be 

involved in immune responses. Chapter 3 presents and discusses the implications of some 

central cytokines and chemokines in response to elevated S100B. With the current 

literature suggesting a role of IL-6 trans-signaling in mediating activation of the immune 

responses, we are able to propose a mechanism by which S100B-dependent regulation on 

IL-6 and other cytokines perhaps enhances melanoma tumor growth through evading 

immune surveillance. Future work is required to further address the effect of S100B on 

the immune response using in-vivo mouse models. In chapter 4, we show the effect of 

S100B inhibitors on the growth of melanoma cells. Furthermore, we show specific 

S100B inhibitors that restore p53 and secreted IL-6 protein levels.  Chapter 5 summaries 

our work and discusses some questions that we can address in the future to further 

understand the S100B-dependent effect on the immune response and/or growth in 

malignant melanoma. Further, chapter 5 introduces another target (MITF) that is perhaps 

regulated by S100B via inhibition of the IL-6 pathway.  
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Chapter 2 

Elevated S100B inhibits RSK- and CREB-dependent activation of IL-6 

signaling in malignant melanoma 

 

2.1 Introduction  

In healthy vertebrates, S100B is expressed cell-specifically in chondrocytes, 

myoblasts, skeletal myofibrils, and melanocytes, but it is often highly overexpressed in 

cancers, including most notably gliomas and malignant melanoma(1,31,33).  While 

several prognostic melanocytic biomarkers are available for melanoma such as the 

melanoma inhibitory activity (MIA) protein, and lactate dehydrogenase (LDH), the 

S100B protein is regarded as being most useful (38,76-78). Elevated S100B in the serum 

correlates highly with poor patient response to therapies, increased cancer recurrence, and 

lower survival rates (3,54,79).  S100B typically exerts its functions via calcium-

dependent interactions with target proteins that in turn regulate numerous downstream 

cellular properties including proliferation, survival, cell growth, apoptosis, cell structure 

and shape, differentiation, migration, and invasion (30-32,80,81).  Of notoriety, S100B in 

melanoma binds and inhibits p53 activity (3,39,43,46-49,79,82,83) and regulates cellular 

localization of RSK (42,54).  As functional roles and mechanisms of action are being 

delineated for S100B, it is clear that in addition to being a prognostic indicator for patient 

survival, S100B itself may be a contributor to tumor progression when overexpressed.  

IL-6 is a cytokine that exhibits both pro-inflammatory and anti-inflammatory 

activities (63,64,84). IL-6 was originally identified as B-cell differentiation factor but was 

later found to affect cell growth, activation, and differentiation of multiple immune cells 
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such as B and T lymphocytes, monocytes, dendritic cells, and tumor-infiltrating 

lymphocytes (58,64,69,72,85-87).  In the classical pathway, IL-6 signaling occurs via the 

binding of IL-6 to the IL-6- and gp130 receptors.  The binding of IL-6/IL-6R to the 

gp130 receptor next initiates auto-phosphorylation of an intracellular domain on gp130, 

which leads to the phosphorylation and activation of JAK1/2. The phosphorylated 

JAK1/2 provides docking sites for the activation of downstream transcription factors, 

such as STAT3, Akt1/2, and RAS/MAPK kinases (60,88-90).     

In the present study, we determined that elevated S100B inhibits the mRNA of 

several genes related to the p53 pathway. Of particular interest was the IL-6 mRNA. We 

demonstrate that S100B inhibits the expression and secretion of IL-6 in malignant 

melanoma. Since several factors such as STAT3 and Akt, are downstream of the IL-6 

signaling pathway, we proposed that as a result of S100B-dependent inhibition of IL-6, 

phosphorylation and activation of STAT3 and/or Akt may also be inhibited. To address 

this question, we determined the phosphorylation and/or activation of STAT3 and Akt in 

the WM115 cell lines. Further, we tested the correlation of IL-6, STAT3, and S100B in 

several melanoma cell lines with varied S100B expression. We tested whether S100B 

silencing or overexpression may alter IL-6 and STAT3 phosphorylation in multiple 

melanoma cell lines. We demonstrated here that elevated S100B inhibits IL-6 production 

by blocking RSK signaling and the activation of nuclear CREB. Thus, a model is 

discussed in which elevated S100B may allow for melanoma cancers to accumulate in the 

tumor microenvironment by avoiding IL-6 dependent immune responses.  
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2.2. Materials and Methods  

2.2.1. Cell lines and cell cultures 

 WM115 malignant melanoma cell lines were obtained from ATCC and subjected 

to Lentiviral shRNA Particle Infection targeting S100B as described elsewhere (54). The 

cells were maintained in Minimal Essential Medium (MEM) supplemented with 10% 

heat-inactivated FBS, 1% Penicillin/Streptomycin at 100 units/mL, and 0.5 µg/mL 

Puromycin. WM793 and WM1158 melanoma cells were provided by Dr. David Kaetzel 

(University of Maryland, Baltimore). WM793 and WM1158 were maintained in MEM 

supplemented with 10% heat-inactivated FBS and 1% Penicillin/Streptomycin at 100 

units/ml. SK-MEL-28 melanoma cells were maintained in DMEM (high glucose), 10% 

heat-inactivated FBS, and 1% Penicillin/Streptomycin at 100 units/mL.  

 

2.2.2. RT
2
PCR Arrays 

 

 Total RNA was extracted from the non-targeting scrambled and stable S100B 

knockdown WM115 cells using cold 1x PBS and subjected to RNA extraction using the 

Plus RNeasy Mini kit (Qiagen). First strand cDNA synthesis was performed using the 

RT
2 

First Strand Kit (Qiagen) with 0.5 µg total RNA as recommended by the 

manufacturer. Real-time PCR was performed using the RT
2 

SYBR Green qPCR 

Mastermix at volumes recommended by the manufacturer. Transcript levels of 84 genes 

were normalized to the standard average of four internal genes; beta actin (β-actin), Beta-

2-Microglobulin (B2M), Glyceraldehyde 3-phosphate dehydrogenase (GAPDH), and 

Ribosomal Protein Lateral Stalk Subunit P0 (RPLP0). The fold change of each gene was 

calculated from the ∆∆Ct values (2
∆∆Ct

). 
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2.2.3. siRNA Transfection 
 

 Cells were seeded in 10 cm dishes at 500,000 cells/dish and allowed to adhere 

overnight. The cells were then transfected with siRNA duplexes listed in table 2-1 at 10 

nM final concentration using siRNA Transfection Reagent following the protocol 

provided by the manufacturer (Sigma). The cells were incubated with transfection 

mixture for 72 hours and then harvested with either cold 1x PBS or Trizol for 

Immunoblotting analysis or RNA extraction, respectively.    

Table 2-1: siRNA sequences used in this study  

 Oligo name   siRNA sense sequence (5’          3’) 

siS100B #1   GAGUCAGGUCUCAGUGAUA 

siS100B #2   GCUGUUCUUUAAAUGCGUU 

siCREB  #1   CUGAAAGCAACUACAGAAU 

siCREB #2   CCUUUACUGCCACAAAUCA 

 

2.2.4. Construction and transfection of S100B expressing vector into WM1158 cells.  

 The coding sequence of human S100B was inserted into the Lenti-X pLVX 

TetOne puromycin vector (Clontech) and virus was packaged in HEK293T Lenti-X cells.  

After confirming viral titer, parental WM1158 were transduced with either pLVX TetOne 

puro S100B or pLVX TetOne puro Luciferase as a control vector.  Cells were grown 

under selection for several weeks in MEM supplemented with 10% Tetracycline-free 

FBS (Gemini) and 1% Penicillin/Streptomycin at 100 units/mL, in the presence of 2 

µg/mL puromycin. Single colonies were picked, expanded and tested for the induction of 

S100B by exposing cells to Doxycycline (Dox) at a concentration of 2µg/mL for 24-72 

hours and running a western blot to detect S100B levels. For the detection of RNA and 
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proteins, WM1158 transfected with either empty vector or S100B-expressing vector were 

seeded in 60 mm dishes at 250,000 cells/ dish in MEM media as described above and 

allowed to adhere overnight. The following day, the old media was removed and new 

media containing Dox at 2 µg/mL was added. The cells were incubated for 72 hours. 

Subsequently, the old media was removed, replaced with fresh media containing Dox, 

and incubated for 24 hours. Then, the cells were harvested with either 1x PBS (Corning) 

or Trizol (Invitrogen) and subjected to Immunoblotting or RNA extraction, respectively.  

 

2.2.5. Real-time quantitative PCR (qRT-PCR) 

 Total RNA was extracted at the indicated conditions and time points using Trizol 

(Invitrogen). Transcript levels were quantified by quantitative RT-PCR using the iTaq 

Universal SYBR Green One-Step kit (Bio-Rad) with primers listed in Table 2-2. The 

mRNA levels of target genes were normalized to GAPDH mRNA. 

 

2.2.6. In-vitro STAT3 inhibitor (S31-201) assay 

Non-targeting scrambled and stable S100B knockdown cells were seeded in 

triplicate in 60 mm dishes at 70 x 10
4
 cells/dish in 1x MEM (Cellgro) supplemented with 

10% FBS, 100units/mL penicillin/streptomycin, 0.5µg/mL Puromycin and allowed to 

adhere overnight. The following day, the old media was removed and new media 

containing 100 µM S31-201 were added.  The cells were incubated for 48 hours. 

Thereafter, cells were harvested with cold 1x PBS (Corning) or Trizol (Invitrogen) and 

subjected to immunoblotting or RNA extraction, respectively.  
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Table 2-2: qRT-PCR Primers used in this study 

DNA oligo   sequence (5’           3’) 
 IL6 primer set 

 Forward   TGGATGCTTCCAATCTGGATTCAAT 

 Reverse   AAATCTGTTCTGGAGGTACTCTAGGT 

 

 

 SOCS3 primer set 

 Forward   CATCTCTGTCGGAAGACCGTCA 

 Reverse   GCATCGTACTGGTCCAGGAACT 

 

 

CEBPD primer set 

Forward   TCCGGCAGTTCTTCAAGCAGCT 

 Reverse   GAGGTATGGGTCGTTGCTGAGT 

 

 

JUN primer set 

Forward   CGAGAACTAAAGCCAAGGGTATC 

Reverse   CCTCCTGAAACATCGCACTATC 
 

 

CREB primer set 

Forward     GAGCCGAGAACCAGCAGAGTG  

Reverse   AGTTACGGTGGGAGCAGATGATG  

 

 

GAPDH primer set 

Forward   GACAGTCAGCCGCATCTTC  

Reverse   ACTCCGACCTTCACCTTCC  

 

2.2.7. In-vitro RSK inhibitor II assay  

 Non-targeting scrambled and stable S100B knockdown cells were seeded in 

triplicate in 60 mm dishes at 70 x 10
4
 cells/dish in 1x MEM (Cellgro) supplemented with 

10% FBS, 100units/mL penicillin/streptomycin, 0.5µg/mL Puromycin and allowed to 

adhere overnight. SK-MEL-28 cells transfected with either control or S100B siRNA were 

seeded in 60 mm dishes at 70 x 10 
4
 cells/dish in DMEM media supplemented with 10% 

FBS, and 100units/mL penicillin/streptomycin.  The following day, the old media was 
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removed and new media containing 10 µM RSK Inhibitor II were added.  The cells were 

harvested at 0, 2, 4, and 8 hours post treatments using cold 1x PBS (Corning) or Trizol 

(Invitrogen) and subjected to Immunoblotting and RNA extraction, respectively.   

 

2.2.8. Immunoblotting and antibodies 

 Cells were harvested with cold 1x PBS, transferred to 1.5 ml Eppendorf tube, and 

subjected to centrifugation at 4000 rpm for 5 minutes in the cold room. Then, supernatant 

was removed and cells pellets were frozen in the -80 ºC for overnight. The following day, 

cells were lysed with lysis buffer (20 mM HEPES pH 7.4, 1% Triton 100X, 150 mM 

NaCl, 1 mM EGTA, 1 mM EDTA, 10 mM Na-Pyrophosphate, 100 mM NaF, 5 mM 

Iodoacetic acid, 20 nM Okadeic acid, 0.2 mM PMSF) and subjected to immunoblotting. 

Immunoblotting was performed using 25 µg of cell lysates loaded on either 8% or 12% 

SDS-PAGE gel. Subsequently transferred to PVDF membranes (BioRad) and reacted 

with mouse anti-S100B (1:2000, BD Biosciences), rabbit anti-Phopho-STAT3 (1:1000, 

Cell signaling), rabbit anti-STAT3 (1:1000, Cell signaling), rabbit anti-Pan-Akt (1:1000, 

Cell signaling), rabbit anti-Phospho-Akt (1:1000, Cell signaling), rabbit anti-SP1 

(1:1000, Cell Signaling), rabbit anti-Phospho-MEK1/2 (1:1000, Cell signaling), mouse 

anti-CREB (1:10,000, Cell signaling), rabbit anti-Phospho-CREB (1:10,000, Cell 

signaling),  rabbit anti-GAPDH (1:10,000, Cell signaling), or mouse anti-β-actin 

(1:10,000, Cell signaling) antibodies. The blots were then reacted with either horseradish 

peroxidase (HRP)-conjugated goat anti-mouse or anti-rabbit secondary antibodies 

(Invitrogen) and treated with enhanced chemiluminescence (ECL) Western blot HRP 

Substrate (Thermo Fisher).  
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2.2.9. Human IL-6 ELISA 

Whole media at the indicated conditions and time-points were removed prior to 

harvesting cells, and subjected to ELISA (Thermo Fisher). The absorbance was measured 

on an ELISA plate reader at 450 nm and 550 nm. The 550 nm values were subtracted 

from the 450 nm. Absorbance was obtained for each of the unknown samples in 

duplicates. Standard curve was generated by plotting the absorbance of each standard 

concentration on the y-axis and the sample concentrations (pg/mL) on the x-axis. The 

human IL-6 level in the unknown samples of two technical replicates was determined 

using the slope of the standard curve. Three independent biological replicates were 

performed for each experimental assay in two technical replicates.  

 

2.2.10. Statistics  

 Data are presented as mean ± S.D. or ± S.E.M as indicated in each figure. 

Differences in means were analyzed by using the Student’s t test (two-tailed). 

 

2.3. Results 

2.3.1. S100B inhibits IL-6 mRNA and protein levels in malignant melanoma.  

 The tumor marker S100B represents a target of malignant melanoma because 

S100B is elevated in >90% of patients and it correlates directly with poor survival. 

Previously we have shown that S100B contributes to the degradation and transcriptional 

inactivation of p53 and cytoplasmic localization of RSK. Further, S100B may contribute 

to immune evasion in vaccine clinical trials (91).  However, the mechanism of action of 

S100B in cancer is still poorly understood.  For these reasons, consequences of high 

levels of S100B in malignant melanoma were evaluated here via cellular studies. Since 
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S100B is known to inhibit p53 transcriptional activity, it is likely that genes related to the 

p53 pathway are also altered by elevated S100B. For this reason, we used real-time PCR 

arrays of 84 genes related to the p53-pathway that are involved in the processes of cell 

cycle, cell growth, proliferation, differentiation, apoptosis, and DNA repair. We 

employed the melanoma WM115 cell line in which S100B expression was silenced with 

lentiviral shRNA targeting S100B as was previously described (54). Table 2-3 lists the 

genes exhibiting a difference in expression in the stable S100B knockdown WM115 cells 

Table 2-3: Fold change of genes in stable S100B knockdown compared to non-

targeting scrambled WM115 cells  

 

Symbol  Gene name                Fold change         p-Value 

IL-6  Interleukin-6                2.6         0.027 

PCNA  Proliferating cell nuclear antigen 1.4   0.086 

CRADD CASP2/RIPK1 Domain  0.2   0.004 

   Containing Adapter with Death  

  Domain      

      

BAI1  Brain angiogenesis inhibitor 1 0.5          0.014 

SIAH1  E3 ubiquitin-protein ligase SIAH1 0.5          0.037 

TNFESR10D Tumor necrosis factor receptor  0.6   0.041 

  Superfamily Member 10d    

 

compared to the non-targeting scrambled WM115 cells. Of a particular interest is IL-6 

that showed a significant increase in both mRNA and secreted protein levels in the stable 

S100B knockdown WM115 cells compared to non-targeting scrambled cell line (Figure 

2-1A, B, and C). To further confirm these results, S100B was silenced by two different 

siRNAs and like the stable knockdown, the silencing of S100B by siRNA increased IL-6 

mRNA (Figure 2-1D). These results further confirm and eliminate the possibility of an 
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off-target effect from the shRNA targeting S100B. We were not able to detect the 

intracellular IL-6 protein level (data not shown). It is possible that rapid IL-6 secretion 

eliminates intracellular accumulation of the IL-6 cytokine.  

   

Figure 2-1: Elevated S100B in malignant melanoma blocks IL-6 production.  (A) 

Immunoblot analysis of S100B in the non-targeting scrambled (shSCR) and stable S100B 

knockdown (shS100B) WM115 cells. Loading control: GAPDH (B) Quantitative RT-

PCR-Array analysis and (C) ELISA of the mRNA and secreted protein levels of IL-6, 

respectively, in the non-targeting scrambled (shSCR) and stable S100B knockdown 

(shS100B) WM115 cells. Error bars represent mean ± S.D of four independent replicates; 

*, P < 0.05; **, P < 0.005; ***, P < 0.0005 versus results with control shSCR.  (D) qRT-

PCR of the relative IL6 mRNA normalized with GAPDH in the parental WM115 cells 

transfected with either control or S100B siRNA #1 and siRNA #2. Error bars represent 

mean ± S.E.M.  Right panel: Immunoblot analysis of S100B in the parental WM115 cells 

transfected with either control or S100B siRNAs. 

 

 It is important to note that the elevated level of IL-6 secretion in comparison to 

the IL-6 mRNA level (figure 2-1C) indicates that shS100B-induced secretion of IL-6 is 

significantly higher than corresponding changes in transcript level. The higher IL-6 
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secreted level is perhaps due to the rapid secretory pathway of cytokines. Several studies 

reported similar discrepancy between the mRNA and secreted protein levels of IL-6. 

These studies reported positive correlation between IL-6 mRNA and secreted protein 

levels; however, IL-6 secretion was significantly elevated compared to the IL-6 mRNA 

(92,93).  In response to infection or injury, cytokines such as IL-6 should be secreted 

rapidly to activate immune responses. We hypothesize here that the knockdown of S100B 

enhances rapid secretion of IL-6 to initiate a rapid response. It is also plausible that 

S100B regulate both IL-6 expression (Figure 2-1B) and secretion of IL-6. Alternatively, 

IL-6 translation could be enhanced in response to S100B knockdown. Future studies are 

required to determine whether or not S100B regulates the mechanisms of IL-6 secretion 

and/or translation.  

 

2.3.2. S100B inhibits STAT3 phosphorylation in malignant melanoma WM115 cell 

line 

 Although STAT3 is known to be involved in tumorigenesis, several studies report 

STAT3 as tumor suppressor regulator. STAT3 activates the expression of apoptotic and 

anti-proliferative genes to suppress proliferation in several cell models (see discussion for 

details). Since STAT3 is downstream of the IL-6 signaling pathway, we determined 

STAT3 phosphorylation after the silencing of S100B. Although stable S100B knockdown 

WM115 cell line (shS100B) did not affect the total protein level of STAT3, we found that 

it significantly induced phosphorylation of STAT3 at Tyr705 (Figure 2-2A).  
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Figure 2-2: S100B inhibits STAT3 phosphorylation in malignant melanoma  
(A) Immunoblot analysis of p-STAT3 (Try705), total STAT3, p-Akt (Ser473), and 

S100B in the shS100B WM115 cells compared to the shSCR WM115 cells with elevated 

S100B. The average values of three independent experiments were plotted using Image J 

as represented in the right panel. Error bars represent mean ± S.E.M.; *, P < 0.05 versus 

results with control shSCR. (B) Immunoblot analysis of p-STAT3 (Tyr705), total 

STAT3, p-Akt (Ser473), and S100B in the WM115 transfected with either control or 

S100B siRNAs. The average values of three independent experiments were plotted using 

Image J as represented in the right panels. Error bars represent mean ± S.E.M; *, P < 0.05 

versus results with control siRNA.  

 

These results suggest that in response to S100B-dependent inhibition of IL-6 expression 

and secretion, phosphorylation of STAT3 is also suppressed. Since IL-6 signaling 

initiates the PI(3)K signaling pathway (4), which activates Akt, we also determined the 

level of phosphorylated Akt at Ser473. The phosphorylated Akt (Ser473) was not altered 
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in response to S100B silencing (Figure 2-2A) indicating that S100B-dependent inhibition 

of IL-6 suppresses specifically STAT3 phosphorylation. To further confirm that S100B is 

indeed inhibiting STAT3 phosphorylation in these cells, S100B was inhibited by using 

two different siRNAs. The WM115 cells transfected with two constructs of S100B 

siRNA
 
significantly enhanced phosphorylation of STAT3 compared to cells transfected 

with control siRNA.
 
The phosphorylation of Akt was not altered.  Once again, the total 

STAT3 did not significantly change in response to S100B siRNA in these cells (Figure 2-

2B). These results further confirm that S100B specifically suppresses the phosphorylation 

of STAT3 without affecting phosphorylation of Akt.  This specific inhibition of STAT3 

is important; it suggests that S100B inhibits IL-6 signaling to explicitly inhibit STAT3 to 

perhaps downregulate anti-proliferative genes. 

 

2.3.3. IL-6 and STAT3 correlation in different melanoma cell lines.  

The inverse correlation between S100B and phosphorylated STAT3 promoted us 

to investigate this phenomenon in different melanoma cell lines with altered S100B 

expression. We determined the mRNA and protein levels of IL-6 in the WM793, 

WM1158, and SK-MEL-28 cell lines. We confirmed that both mRNA and protein levels 

of IL-6 are highly elevated in the S100B-deficient cell lines (WM793 and WM1158) but 

suppressed in the SK-MEL-28 cell line, where S100B is elevated (Figure 2-3A and B). 

Phosphorylation of STAT3 (Tyr705) was also significantly elevated in the S100B-

deficient melanoma cell lines WM793 and WM1158. In contrast, STAT3 

phosphorylation was markedly suppressed in the SK-MEL-28 melanoma cells. These 



 
 

42 
 

results further indicate that S100B negatively regulates IL-6 expression and STAT3 

phosphorylation  

 

 

Figure 2-3: S100B and IL-6/P-STAT3 in different melanoma cell lines  

(A) Quantitative RT-PCR of IL-6 mRNA in WM793, WM1158, and SK-MEL-28 cell 

lines, normalized to the IL-6 mRNA level in WM115. Error bars represent mean ± 

S.E.M. (B) ELISA of the secreted IL-6 protein levels in WM793, WM1158, and SK-

MEL-28. Error bars represent mean ± S.E.M; ***, P < 0.0005; *, P < 0.05 versus results 

with IL6 protein level in WM115 cells. (C) Immunoblot analysis of p-STAT3 (Tyr705), 

total STAT3, and S100B in WM793, WM1158, and SK-MEL-28 melanoma cell lines. 

Loading control: β-actin. 

 

in melanoma (Figure 2-3C).  To further confirm the S100B-dependent regulation of IL-6 

expression and STAT3 phosphorylation, we transiently silenced S100B in the SK-MEL-

28 cell line using RNA interference. The cells transfected with S100B siRNA
 
showed 

increases in IL-6 mRNA and phosphorylated STAT3 (Tyr705) compared to SK-MEL-28 

cells transfected with control siRNA
 
(Figure 2-4A and B). We were not able to detect 

secreted IL-6 protein in the media of SK-MEL-28 cells (data not shown). It is possible 

that the IL-6/IL-6R complex is irreversible in these cells. IL-6 binding to the IL-6 

receptor remains constant to enhance IL-6 signaling; for this reason, IL-6 cytokine is not 

detected in the media. It is also possible that another mechanism, independent of S100B, 

partially suppresses IL-6 translation and/or secretion. This hypothesis explains the slight 
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increase of p-STAT3 upon S100B knockdown (Figure 2-4B). It is important to note that 

we performed a transient knockdown of S100B in the SK-MEL-28 cells, which might 

prevent long term accumulation of IL-6. Future experimentations are required using 

stable knockdowns or knockout of S100B to investigate how IL-6 secretion is regulated 

in these cells. Controlled overexpression of S100B achieved in the WM1158 cells via a   

 

Figure 2-4: S100B silencing induces IL-6 expression and phosphorylation of STAT3 

in SK-MEL-28 cells. (A) Quantitative RT-PCR of the relative IL-6 mRNA normalized 

to GAPDH in the SK-ME-28 transfected with either control or S100B siRNA. Error bars 

represent mean ± S.E.M.; *, P < 0.05 versus results with control siRNA. (B) Immunoblot 

analysis of P-STAT3, total STAT3, and S100B in SK-MEL-28 cells upon S100B 

silencing using siRNA compared with SK-MEL-28 cells transfected with control siRNA. 

Loading control: β-actin. The average values of three independent experiments were 

plotted using Image J as represented in the right panel. Error bars represent mean ± 

S.E.M.; * P < 0.05 versus results with control siRNA. 

 

doxycycline-inducible S100B vector resulted in the loss of IL-6 expression and inhibition 

of STAT3 phosphorylation (Figure 2-5A and B).  Once again, total STAT3 was not 

altered by overexpression of S100B indicating that S100B negatively regulates STAT3 at 

the phosphorylation level via IL-6 signaling.  
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Figure 2-5: S100B overexpression inhibits IL-6 expression and STAT3 

phosphorylation in WM1158 cells.  

(A) Quantitative RT-PCR of the relative IL-6 mRNA level in the WM1158 cells 

transfected with either S100B-expressing vector (WM1158-S100B) or empty vector 

(WM1158-EV). S100B expression induced after 72 hours of Dox treatment (2 µg/mL). 

Error bar represents mean ± S.E.M.; **, P ≤ 0.005 versus results with WM1158-S100B 

in the absence of DOX. NS; non-significant, versus results with WM1158-EV in the 

absence of DOX. (B) Immunoblot analysis of p-STAT3 (Tyr705), total STAT3, and 

S100B in WM1158 cells transfected with either S100B-expressing vector (WM1158-

S100B) or empty vector (WM1158-EV). S100B expression induced after 72 hours of 

Dox treatment (2 µg/mL). Loading control: β-actin. 

 

2.3.4. S100B inhibits transcriptional activity of STAT3 

  

 STAT3 is activated by phosphorylation at Try705, which induces STAT3 

dimerization, nuclear translocation, and DNA binding. In order to establish whether the 

transcriptional activity of STAT3 is inhibited by S100B, we determined the expression of 

three STAT3-target genes: SOCS3, CEBPD, and v-jun sarcoma virus 17 oncogene 

homolog (JUN) using quantitative Real-time PCR. Indeed, the mRNA levels of SOCS3, 

CEBPD, and JUN were significantly increased in response to S100B knockdown in the 

WM115 cells (Figure 2-6A). The increase in the mRNA level of these genes correlates 

with the increase of STAT3 phosphorylation in the stable S100B knockdown WM115  
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Figure 2-6. S100B inhibits transcription activity of STAT3.   

(A) Quantitative RT-PCR of the STAT3 target genes (SOCS3, CEBPD, and JUN) in the 

non-targeting scrambled (shSCR) and stable S100B knockdown (shS100B) WM115 cells 

in the absence of STAT3 small molecule inhibitor S31-201 or after 48 hours of S31-201 

treatment (100 µM). Error bars represent mean ± S.D.; ** P < 0.005 and * P < 0.05 

versus results with either shSCR DMSO or shSCR S31-201. (B) Immunoblot analysis of 

p-STAT3 (Tyr705) and S100B in the non-targeting scrambled (shSCR) and stable S100B 

knockdown (shS100B) WM115 cells after 48 hours of S31-201 treatments (100 µM). 

Loading control: β-actin. 

 

cells suggesting that transcriptional activity of STAT3 is also induced. To confirm that 

the expression of these genes is STAT3-dependent, STAT3 activity was inhibited with 
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S31-201, a STAT3 molecule inhibitor. Phosphorylation of STAT3 at Tyr705 was 

abolished in response to S31-201 treatment for 48 hours (Figure 2-6B). More 

importantly, the level of S100B was not altered in response to the inhibition of STAT3. 

These results indicate that S31-201 was specifically inhibiting STAT3 phosphorylation 

without an effect on S100B level.  The increased transcriptional activity observed in the 

S100B knockdown WM115 cells was either abolished (SOCS3) or did not significantly 

change (CEBPD and JUN) when treated with S31-201. These results further demonstrate 

that the transcription activation observed in the S100B knockdown WM115 for SOCS3, 

CEBPD, and JUN was via p-STAT3 (Figure 2-6A).   Similarly, expression of SOCS3 and 

JUN was induced upon S100B knockdown in SK-MEL-28 cells in STAT3-dependent 

manner; the presence of S31-201 in SK-MEL-28 cells with S100B siRNA abolished the 

siS100B-induced effects on mRNA levels of SOCS3 and JUN (Figure 2-7A and B). 

Collectively, these results validate that S100B inhibits STAT3 transcriptional activity in 

at least two malignant melanoma cell lines having elevated S100B levels (i.e. WM115, 

SK-MEL-28).  

.  

2.3.5 Inhibition of p-STAT3 by S100B is via IL-6.  
 

Our results thus far show that S100B inhibits expression of IL-6 and 

phosphorylation and transcriptional activity of STAT3. Since STAT3 is downstream of 

the IL-6 pathway, we speculate that S100B-dependent suppression of STAT3 is via IL-6.  

IL-6 binds to IL-6R/gp130 receptors to activate downstream effectors such as STAT3. 

IL-6 is secreted into the media at significantly high levels (Figure 2-1C).  
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Figure 2-7: S100B silencing induces SOCS3 and JUN expression in a STAT3-

dependent manner in SK-MEL-28 cells.   
Quantitative RT-PCR of the SOCS3 (A) and JUN (B) mRNAs in the SK-MEL-28 cells 

transfected with either control or S100B siRNA#1/or#2 in the absence of STAT3 small 

molecule inhibitor S31-201 or after 48 hours of S31-201 treatment (100 µM). Error bars 

represent mean ± S.E.M.  

 

If activation of STAT3 is through secreted IL-6 rather than through an intra-cellular 

signal, then we expect IL-6 secreted into stable S100B knockdown media to be sufficient 

to activate IL-6 signaling and induce STAT3 phosphorylation in another cell line that 

does not robustly secrete IL-6 cytokine such as the non-targeting scrambled WM115 cell 

line. To address this question, conditioned media harvested from stable S100B 

knockdown (shS100B) WM115 cells was added to the non-targeting WM115 cells 

(shSCR) in the absence and presence of IL-6 inhibitory antibody.  A Significant increase 

in STAT3 phosphorylation was evident in the WM115 Scrambled cells (~ 2 h) treated 

with conditioned media from stable S100B knockdown cells (shS100B CM)  (Figure 2-

8A). This increase of STAT3 phosphorylation was decreased in the presence of IL-6 

inhibitory antibody (Figure 2-8B) indicating that the stimulatory effect of shS100B 

conditioned media was indeed IL-6-dependent. To further confirm, IL-6 was also 
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inhibited in the non-targeting scrambled and stable S100B knockdown WM115 cells 

using the same IL-6 inhibitory antibody. Suppression of STAT3 phosphorylation was 

evident in the cells treated for 8 hours with IL-6 inhibitory antibody compared to cells 

treated with control IgG (Figure 2-8C). 

Figure 2-8: Inhibition of p-STAT3 by S100B is via IL6.  

(A) Immunoblot analysis of p-STAT3 (Tyr705) and total STAT3 in the non-targeting 

scrambled WM115 cells (shSCR) after 0, 2, 4, and 8 hours of treating the shSCR cells 

with either stable S100B knockdown conditioned media (shS100B CM) or control media. 

Loading control: β-actin. (B) Immunoblot analysis of p-STAT3 (Tyr705) and total 

STAT3 after 0, 2, 4, and 8 hours of treating the shSCR cells with stable S100B 

knockdown conditioned media (shS100B CM) in the presence or absence of IL6 

inhibitory antibody (IL6-Ab; 0.15 µg/mL)). Loading control: β-actin. (C) Immunoblot of 

p-STAT3 (Tyr705), total STAT3, and S100B in the shSCR and shS100B WM115 cells 

after 8 hours of either IgG or IL6 inhibitory antibody treatments (IL6-Ab; 0.15 µg/mL) 

(D) Immunoblot analysis of p-STAT3 (Tyr705) and total STAT3 in the SK-MEL-28 cells 

after 0, 2, 4, and 8 hours of shS100B CM treatment in the absence or presence of IL6 

inhibitory antibody (IL6-Ab; 0.15 µg/mL).  

 

Importantly, we observed similar results in the SK-MEL-28 cells when treated 

with conditioned media from stable S100B knockdown WM115 cells (shS100B CM) in 

the presence and absence of IL-6 inhibitory antibody (Figure 2-8D). STAT3 
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phosphorylation was induced in response to stable S100B knockdown conditioned media 

(shS100B CM) but decreased in the presence of IL-6 inhibitory antibody. The activation 

of STAT3 phosphorylation in SK-MEL-28 cells in IL-6 dependent manner indicates that 

IL-6 signaling is indeed enhanced in this cell line. Thus, the modest increase of 

phosphorylated STAT3 (Figure 2-4A) and lack of IL-6 secretion in the media (data not 

shown) upon S100B knockdown in SK-MEL-28 cells are likely due to S100B-

independent mechanism that partially suppresses IL-6 secretion. Our results indicate that 

S100B silencing induces IL-6 expression and STAT3 activity. Inhibition of IL-6 

suppressed the phosphorylation of STAT3 demonstrating that S100B regulates STAT3 

via IL-6 signaling. Collectively, our results here support a mechanism by which S100B 

negatively regulates IL-6/STAT3 pathway.  

 

2.3.6 S100B levels in malignant melanoma have no effect on the stability of IL-6 

mRNA.  

To further understand the mechanism by which S100B deficiency induces the 

expression of IL-6, we first determined whether the changes in the IL-6 mRNA level 

resulted from changes in mRNA stability. It is established that a major mechanism for 

regulating cytokine levels, including IL-6, can be via the mRNA stability (94). Therefore, 

IL-6 mRNA stability was measured via an Actinomycin D time-course assay to 

determine whether S100B silencing altered IL-6 mRNA half-life. These experiments 

revealed that the half-life of the IL-6 mRNA did not change in the non-targeting 

scrambled or stable S100B knockdown WM115 cells (Figure 2-9A) indicating that 
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blocking S100B expression had no measurable effect on IL-6 mRNA stability (Figure 2-

9B).  

 

Figure 2-9: S100B does not regulate IL-6 mRNA stability.  

(A) Immunoblot of S100B in the non-targeting scrambled (shSCR) and stable S100B 

knockdown (shS100B) WM115 cells. Loading control: GAPDH. (B)The mRNA half-life 

of IL6 mRNA was measured in the non-targeting scrambled (shSCR) and S100B stable 

knockdown (shS100B) cell lines by Actinomycin D assay. The percentage of IL6 mRNA 

remaining was plotted as a function of time following transcription inhibition by Act D.  

   

The IL-6 mRNA in the non-targeting (shSCR) and stable S100B knockdown 

(shS100B) has a short half-life of ~1.5 hours (Figure 2-9B). In general, mRNA half-life 

of genes that are expressed in response to stimuli is relatively short. For example, 

proteins that are activated in response to growth or proliferating stimulus need to be shut 

down immediately after the cellular process is complete. Thus, mRNA half-life of such 

proteins must be short to control protein expression (95).  It is possible that IL-6 mRNA 

half-life is short in the WM115 cells to tightly control IL-6 signaling in melanoma. 
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2.3.7 CREB phosphorylation is inhibited when S100B is elevated in malignant 

melanoma. 

 The results from the mRNA stability data suggest that S100B regulates IL-6 in the 

melanoma cell line WM115 at the level of transcription. These observations prompted us 

to consider another potential player by which S100B negatively regulates transcription of 

IL-6. Our group and others previously showed that S100B binds and inhibits the kinase 

RSK cellular localization. Specifically, S100B inhibits ERK-dependent phosphorylation 

of RSK, sequesters RSK to the cytoplasm, and blocks RSK entry into the nucleus. As a 

result, activation of RSK targets, such as CREB, is inhibited (42,54). To first address 

whether or not RSK was involved directly in the S100B-dependent repression of IL-6 

expression, we administered a small molecule RSK inhibitor (BI-D1870) to the non-

targeting scrambled and stable S100B knockdown WM115 melanoma cells. Interestingly, 

we found that BI-D1870 treatment quickly decreased IL-6 mRNA and protein levels (< 2 

hr) in stable S100B knockdown WM115 cells, as compared to cells lacking the RSK 

inhibitor (Figure 2-10A and B).  Furthermore, phosphorylation of STAT3 was decreased 

upon BI-D1870 treatment with no effect on total STAT3 levels (Figure 2-10C). These 

results are consistent with a role for RSK in regulating IL-6 signaling.  We also inhibited 

RSK with BI-D1870 in the SK-MEL-28 cells in the absence or presence of S100B 

siRNA. We obtained similar results in that S100B silencing induced phosphorylated 

STAT3; however, BI-D1870 abolished STAT3 phosphorylation (Figure 2-10D). Taken 

together, these results suggest a role for RSK in S100B-dependent inhibition of the IL-

6/STAT3 pathway.   
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Figure 2-10. S100B regulates IL-6/P-STAT3  via RSK. Quantitative RT-PCR analysis 

of the IL-6 mRNA (A) and ELISA of IL-6 protein level (B) in the shSCR and shS100B 

WM115 cells after 0, 2, 4, and 8 hours  of RSK Inhibitor II treatment (10 µM). Error bars 

represent mean ± S.E.M.; ***, P < 0.0004; **, P < 0.005, *, P < 0.05 versus results with 

control shSCR. Immunoblot analysis of p-STAT3 (Tyr705), p-RSK (Ser221), total 

STAT3, and S100B in shSCR and shS100B WM115 cells (C) and SK-MEL-28 cells with 

siS100B (D) after 0, 2, 4, and 8 hours of RSK Inhibitor II treatment (10 µM). Loading 

control: GAPDH and β-actin.  

 

These results suggest that by sequestering RSK in the cytoplasm, S100B prevents 

translocation of RSK to the nucleus to activate transcription factor(s), required for the 

transcription of IL-6. CREB is a known target of RSK and is a transcription activator for 

IL-6 expression (96). Since S100B sequesters RSK in the cytoplasm; it is likely that 
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CREB phosphorylation and/or activation is inhibited. To test this hypothesis, we 

determined the levels of CREB mRNA and protein, as well as levels of activated, 

phosphorylated CREB. Indeed silencing S100B in WM115 cells caused a large increase 

the CREB phosphorylation at Ser133 without affecting its mRNA or total CREB protein 

levels (Figure 2-11A). To determine whether S100B affected localization of 

phosphorylated CREB, cytoplasmic and nuclear fractions were prepared from control 

(shSCR) and stable S100B knockdown (shS100B) WM115 cells. We found that CREB is 

predominantly localized in the nucleus in both S100B proficient and deficient cells. 

However, the phosphorylation of CREB at Ser133 is significantly elevated in the nuclear 

fraction of the S100B knockdown compared to non-targeting scrambled WM115 cells 

(Figure 2-11B). These data are consistent with a mechanism in which elevated S100B 

found in malignant melanoma binds and sequesters RSK to the cytoplasm, preventing 

CREB phosphorylation and IL-6 transcription activation.  To address this mechanism 

further, CREB was silenced by siRNA in scrambled (shSCR) and stable S100B 

knockdown (shS100B) WM115 cells.  Directly supporting this mechanism of action, IL-6 

mRNA was significantly suppressed in the stable S100B knockdown WM115 cells in 

response to CREB siRNA (siCREB #1; siCREB #2; Figure 2-11C) compared to cells 

transfected with control siRNA (siCon; Figure 2-11C). The significant decrease of IL-6 

mRNA in the S100B and CREB double knockdown indicates that S100B regulates IL-6 

expression in CREB-dependent manner.  
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Figure 2-11: S100B-dependent inhibition of IL-6 is through CREB.  

(A) Immunoblot analysis of p-CREB (Ser133), total CREB, and S100B in shSCR and 

shS100B WM115 cells. Loading control: GAPDH. Right panel: quantitative RT-PCR of 

CREB mRNA level in shSCR and shS100B cells. Error bars represent mean ± S.E.M; *, 

P ≤ 0.06 versus results with shSCR.  (B) Immunoblot analysis of nuclear (N) and 

cytoplasmic fractions of shSCR and shS100B cells for p-CREB (Ser133), total CREB, 

S100B, p-MEK (cytoplasmic marker), and SP1 (nuclear marker). (C)  Quantitative RT-

PCR of the IL-6 mRNA normalized to GAPDH in the shSCR and shS100B WM115 cells 

transfected with either control or CREB siRNA #1 or siRNA #2. Error bars represent 

mean ± S.E.M; *, P = 0.02 versus results with shSCR control siRNA; **, P = 0.01; ***, 

P = 0.006 versus results of shS100B control siRNA. Right panel: immunoblot analysis of 

CREB and S100B in shSCR and shS100B WM115 cells transfected with either control or 

CREB siRNAs. Loading control: GAPDH. 

 

2.4. Discussion  

 We have found that S100B suppresses the expression of IL-6 in melanoma. We 

have identified a mechanism by which S100B regulates the IL-6/STAT3 pathway. S100B 

deficiency activates the expression of IL-6 and phosphorylation and transcriptional 
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activity of STAT3.  S100B-dependent regulation of IL-6/STAT3 pathway is mediated 

through the RSK and the transcription factor CREB. Our results identified an autocrine 

loop that connects MAPK and IL-6 signaling mediated by S100B in melanoma cells.  

Elevated S100B in melanoma cells binds and prevents RSK localization to the nucleus. 

Thus, phosphorylation and activity of CREB is inhibited, which results in the suppression 

of IL-6 expression. IL-6 signaling through IL-6R and gp130 receptors is inhibited; as a 

result, STAT3 activity is repressed (Figure 2-12). We have thus identified a novel 

mechanism that defines interplay between S100B, IL-6, STAT3, RSK, and CREB.  

 IL-6 signaling is initiated through the binding of IL-6 to the membrane-bound IL-

6 receptor. The IL-6/IL-6 receptor complex then binds the gp130 receptor and induces 

phosphorylation and activation of the JAK1/2. Phosphorylated JAKs provide a docking 

site for the phosphorylation and activation of STAT3. Although classical IL-6 signaling 

appears pro-tumorigenic, with downstream activation of STAT3 stimulating proliferation, 

differentiation, and inhibition of apoptosis; other reports suggest that STAT3 functions as 

tumor suppressor regulator (60,97,98). For example, Necdin is a transcriptional repressor 

that mediates cell growth and cell-cycle progression. STAT3 was found to bind and 

inhibit Necdin transcription in the NIH-3T3 cells (99). Further, other reports showed that 

STAT3 induces activation of the cyclin-dependent kinase inhibitor, p21, suggesting that 

STAT3 mediates an anti-proliferative response since p21 inhibits cell-cycle progression 

(98,100). In another study, STAT3 was shown to induce expression of PI3K negative 

regulators, p55α and p50α subunits. STAT3-dependent inhibition of p55α and p50α 

reduced PI3K and Akt  
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Figure 2-12: Schematic representation summarizes the effect of S100B on the IL-

6/STAT3 pathway.  

The elevated level of S100B in melanoma cells binds and prevents RSK localization to 

the nucleus; making it unavailable to activate CREB; thus, IL-6 expression is suppressed. 

Decreased accumulation of secreted IL-6 then inhibits IL-6 signaling, preventing 

downstream STAT3 transcriptional activity. 

 

activation. As a result, proliferation and survival are reduced, while cell death is induced 

in mammary glands (97). Specifically, in melanocytes and early stages of melanoma, IL-

6 was shown to inhibit in-vitro growth; whereas, in cells from advanced stage and 

metastatic melanoma, IL-6 stimulates proliferation (101-106).  Inhibition of the IL-

6/STAT3 pathway by elevated S100B in melanoma cells could benefit early stage tumors 

by circumventing anti-proliferative effect of IL-6. 
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 It has also been reported that melanoma cells were responsive to TNF-α-

dependent apoptosis after treatments with IL-6 and the soluble form of the IL-6 receptor, 

sIL6R (70).  Using the highly metastatic mouse melanoma cell line B16F10.9, usually 

resistant to TNF-α-mediated cell death, apoptosis was enhanced in the presence of IL-

6/sIL6R.  Additionally, using the late stage human melanoma cell line A375, Kortylewski 

et al. showed that growth was inhibited by IL-6 in a STAT3-specific manner (107).  This 

response was enhanced with additional treatment of sIL-6R, once more indicating a role 

for IL-6 in mediating growth inhibition in melanoma. Therefore it is proposed here that 

that the elevation of S100B was evolved, at least in part, to overcome the anti-

proliferative effect of IL-6/STAT3 signaling in pre-malignant melanoma cells and to 

induce the transition from the pre-malignant to the malignant stage of melanoma (Figure 

2-13).  

 Another benefit to tumor cells from S100B inhibition of IL-6 secretion could be 

to prevent IL-6 activation of B and T cells, and dendritic cells that would otherwise direct 

anti-tumor immune responses. A series of reports have shown that IL-6 trans-signaling 

plays a major role in immune responses of tumor cells by activating B and T 

lymphocytes, promoting T-cell trafficking to the lymph nodes, transmigration of T 

lymphocyte into tumor tissues (58,64,69,72,74,85,108).  In addition, the activation of a 

subset of cytotoxic T cells, tumor-infiltrating lymphocytes, against melanoma tumors was 

enhanced by the use of IL-6 (109,110).  Thus, the inhibition of IL-6 expression and  
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Figure 2-13: Model summarizes the hypothetical role of S100B on melanoma growth 

and immune response.  

During early stages of melanoma progression, IL-6 induces an anti-proliferative 

mechanism to inhibit the progression of melanoma into a malignant form. Once S100B 

reaches a threshold, high S100B inhibits expression and secretion of IL-6 to initiate the 

transition of melanoma from a pre-malignant to a malignant form. In malignant 

melanoma and/or distant metastasis, S100B continues to inhibit IL-6 since IL-6 trans-

signaling could induce the activation of T-cells and other immune cells in the 

microenvironment to kill the tumor.  

                               

secretion by S100B could facilitate the escape from immune surveillance during 

melanoma progression and/or in metastatic melanoma (Figure 2-13).  

 In summary, this current study strongly supports a role for S100B in suppressing 

IL-6/STAT3 signaling in melanoma. It is hypothesized that S100B inhibits IL-6 to 

perhaps enhance the progression of melanoma and/or repress immune responses. Future 

experiments in mice models and culture systems are necessary to test these hypotheses to 

support S100B-dependent inhibition of tumor growth and immune responses through IL-

6/STAT3 signaling. The results may help identify a therapeutic intervention for 
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immunotherapy in melanoma, in which inhibition of S100B and augmentation of IL-6 

signaling can be used as a new therapy in melanoma with high S100B. 
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Chapter 3 

 S100B suppresses the expression of chemokines and cytokines in 

malignant melanoma. 

3.1. Introduction 

 In the previous chapter, we found that S100B inhibits IL-6 secretion and STAT3 

transcriptional activity in a CREB-dependent manner in melanoma cell lines. Following 

these observations, we hypothesize that S100B inhibits the IL-6/STAT3 signaling 

pathway to evade surveillance by the immune response.  

Although IL-6 signaling is known to enhance tumor growth, a series of reports 

showed that IL-6 also plays a major role in the immune response of tumor cells by 

activating T and B lymphocytes and promoting T-cell trafficking to the lymph nodes, 

(69,74,111). IL-6-mediated trafficking is thought to occur through the following 

mechanism: T cells in the blood attach to the high endothelial venules (HEV) though 

binding of E/P selectins and roll along the venules. As they roll, T cells scan the venules 

until they detect chemokine ligands on the endothelial surface. T cells express special 

receptors for these chemokines; once a receptor interacts with the appropriate chemokine, 

T-cells become activated and  
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Figure 3-1: IL-6 trans-signaling mediates T-lymphocyte trafficking through 

endothelial surfaces of tumor vessels. T cells circulating in the blood tether to the HEV 

through binding of E/P-selectin and roll along the venules. IL-6 secreted by multiple 

sources increases T-cell tethering and rolling by inducing the expression of special 

chemokine ligands and receptors. T cells continue to scan the vessels until they encounter 

a chemokine on the vessel’s surface. T cells express special receptors for these 

chemokines; once a receptor interacts with the appropriate chemokine, T cells become 

activated and upregulate the expression of integrin (LFA-1). LFA-1 interacts with ICAM-

1 on HEV and allows firm adhesion of T-cells to endothelial surface and transmigration 

into the lymph nodes or tumor tissues. 

 

upregulate the expression of integrin. Integrin interacts with the intercellular adhesion 

molecule 1 (ICAM-1) on the endothelial surface, allows firm adhesion, and ultimately 

transmigration of T lymphocytes into the lymph nodes (Figure 3-1). In the lymph nodes, 

T lymphocytes get activated by antigen-presenting cells such as dendritic cells. Once 

activated, T lymphocytes leave the lymph nodes and infiltrate the cancer cells (64). IL-

6/STAT3 signaling, expression of chemokines along with chemokine receptors, and other 

interleukins are required for T lymphocyte adhesion and migration along the HEV (69). 
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We hypothesize that S100B inhibits expression of other cytokines and chemokines that 

could potentially affect the immune response. To test this hypothesis, we used RT
2
PCR 

arrays to analyze expression of genes that encode for chemokines and cytokines after 

S100B knockdown. We found enrichment of chemokines and cytokines in the stable 

S100B knockdown compared to the non-targeting scrambled WM115 cells. We provide 

support for our proposed model that elevated S100B plays a role in evading surveillance 

by the immune response. 

  

3.2. Materials and Methods 

3.2.1. Cell lines and cell cultures 

 For this study, the WM115 malignant melanoma cell line was obtained from 

ATCC and subjected to lentiviral shRNA Particle Infection targeting S100B as described 

elsewhere (54) and maintained as described in section 2.2.1.  

 

3.2.2. RT
2
PCR Arrays 

 Total RNA was extracted from the non-targeting scrambled and stable S100B 

knockdown WM115 cells using cold 1x PBS and subjected to RNA extraction and 

RT
2
PCR arrays as described in section 2.2.2. 

 

3.2.3 Real-time quantitative PCR (qRT-PCR) 

 Total RNA was extracted at the indicated conditions and time points using Trizol 

(Invitrogen). Transcript levels were quantified by quantitative RT-PCR using the iTaq 
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Universal SYBR Green One-Step kit (Bio-Rad) with primers listed in Table 3-1. The 

mRNA levels of targets were normalized to GAPDH mRNA.  

 

3.2.4 In vitro STAT3 inhibitor (S31-201) assay 

 Non-targeting scrambled and stable S100B knockdown WM115 cells were seeded 

in 60 mm dishes at 7 x 10
4
 cells/dish in 1 x MEM (Cellgro) supplemented with 10% FBS, 

100 units/mL penicillin/streptomycin, 0.5 µg/mL Puromycin and allowed to adhere 

overnight. The STAT3 inhibitor (S31-201) assay was performed as described in section 

2.2.6.  

 

Table 3-1: qRT-PCR Primers  

   DNA Oligo      (5’            3’) 

CSF-1   

 Forward    TGAGACACCTCTCCAGTTGCTG 

 Reverse    GCAATCAGGCTTGGTCACCACA 

 

 CSF-2      

 Forward    GGAGCATGTGAATGCCATCCAG 

 Reverse    CTGGAGGTCAAACATTTCTGAGAT 

 

  

3.3.5. Statistics  

 

Data are presented as mean as ± S.E.M as indicated in each figure. Differences in 

means were analyzed by using the Student’s t test (two-tailed). RT
2
PCR arrays were 

analyzed on the Qiagen website using the manufacture’s web-based PCR Array Data 

Analysis available at www.SABiosciences.com/pcrarryadataanalysis.php.  

 

 

http://www.sabiosciences.com/pcrarryadataanalysis.php
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3.3. Results  

3.3.1. S100B depletion enriched expression of cluster of genes that encode for 

cytokines and chemokines.    

 We determined the transcript level of 84 genes that encode for chemokine ligands, 

chemokine receptors, interleukins, and growth factors in the non-targeting scrambled and 

stable S100B knockdown WM115 cells using RT
2
PCR arrays as described in chapter 2.  

We identified several genes that were overexpressed in the stable S100B knockdown 

compared to control scrambled WM115 cells (Table 3-2).   

 

Table 3-2: Highest overexpressed genes in the stable S100B knockdown cells 

compared to scrambled control WM115 cells. 
 

Symbol  Gene name     Fold regulation  

 

CSF3   Colony stimulating factor 3   21.3 

IL1B   Interleukin 1, beta    18.3 

IL6   Interleukin 6     10.9 

CXCL2  Chemokine (C-X-C motif) ligand 2  5.2   

CXCL8  Chemokine (C-X-C motif) ligand 8  5.2 

CXCL1  Chemokine (C-X-C motif) ligand 1  5.2 

IL12A  Interleukin 12A    3.8 

CSF2   Colony stimulating factor 2   3.5 

CXCR4  Chemokine (C-X-C motif) receptor 4  2.8 

CSF1   Colony stimulating factor 1   2.2 

IRF1   Interferon regulatory factor 1   2.2 

CCL20  Chemokine (C-C motif) ligand 20  2.1 
 

 

 We identified several chemokine ligands and chemokine receptors that were 

overexpressed in response to S100B silencing such as CXCL1, CXCL2, CXCL8, and 

CXCR4. The CXC ligands belong to the C-X-C family of chemokines that bind to CXC 

chemokine receptors. The CXC chemokines are secreted by a wide range of immune cells 

such as macrophages, monocytes, and T and B cells. Chemokines play a major role in the 
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differentiation of T lymphocytes and migration of antigen-presenting cells to sites of 

injury/tumor (112,113) 

In addition, we identified several interleukin genes such as IL-1β and IL-12A that 

were overexpressed in the stable S100B knockdown WM115 cells (Table 3-2). These 

interleukins function in activating T cells, monocytes, and antigen presenting cells 

(68,112). For example, IL-12, secreted by antigen-presenting cells, mediates the 

differentiation of T-cells (112). In summary, these results support the idea that S100B has 

a role in evading surveillance by the immune response.  

 

3.3.2 Suppression of CSF1/2 by S100B is STAT3-dependent 

An interesting finding from the array was the identification of a particular S100B-

suppressd gene, encoding colony stimulating factor 2 (CSF-2). CSF-2, also known as 

granulocyte macrophage-colony stimulating factor (GM-CSF), is a cytokine that 

stimulates production of granulocytes and monocytes. Monocytes can differentiate into 

macrophages or dendritic cells (DCs). Dendritic cells present pathogen or tumor-derived 

peptide to T-cells thus activating T-cells to fight infection or kill tumor cells (67,68). We 

determined that CSF-2 mRNA was elevated > 10 fold in response to S100B silencing 

compared to control WM115 cells  
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Figure 3-2: S100B silencing enhances expression of CSF-1 and CSF-2 in a STAT3-

dependent manner. qRT-PCR of the relative mRNA level of CSF-1 and CSF-2 in the 

non-targeting scrambled and stable S100B knockdown WM115 cells in the absence and 

presence of the STAT3 small molecule inhibitor S31-201 (48 hours of S31-201; 100 

µM). Error bars represent mean ± S.E.M; * P ≤ 0.005 versus shSCR (DMSO) and # P ≤ 

0.01 versus shS100B (DMSO).  

 

(Figure 3-2B). We then investigated whether the expression of CSF-2 is regulated by 

S100B in STAT3-dependent manner. To address this question, we determined the 

expression of CSF-2 in non-targeting scrambled and stable S100B knockdown WM115 

cells using qRT-PCR in the absence and presence of S31-201, a STAT3 small molecule 

inhibitor. The significant increase of CSF-2 mRNA (> 10 fold) in the stable S100B 

knockdown was dramatically decreased in response to 48 hours of S31-201 treatment. 

These results indicate that CSF-2 expression in the stable S100B knockdown cells was 

indeed STAT3-dependent (Figure 3-2B). We also tested whether S100B regulates the 

expression of colony stimulating factor 1 (CSF-1) via STAT3. CSF-1 is known as a 

macrophage-stimulating factor (M-CSF): it stimulates the differentiation of monocytes 

into macrophages. A previous study showed that IL-6 upregulates the expression of CSF-

1 in monocytes and induces monocyte differentiation into macrophages (68). These 

results led us to predict that perhaps CSF-1 is also regulated via STAT3 in melanoma. To 
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address this question, we measured CSF-1 expression in the absence or presence of S31-

201 as described above. We confirmed that expression of CSF-1 is indeed STAT3-

dependent (Figure 3-2B). These results led us to the conclusion that S100B suppresses 

expression of CSF-1 and CSF-2 in melanoma cells in a STAT3-dependent manner.   

 

3.4. Discussion 

 We show here that S100B regulates a group of genes that encode for chemokines 

and cytokines. Of a particular interest, S100B negatively regulates the expression of CSF-

1 and CSF-2. The proteins encoded by these genes are involved in the activation and 

development of lymphocytes and dendritic cells; thus, these genes play a central role in 

activation of the immune response. CSF-1 and CSF-2 are specifically regulated by S100B 

in STAT3-dependent manner. STAT3 inhibition in the WM115 cells significantly 

decreased the abundance of CSF-1 and CSF-2 mRNAs (Figure 3-2). These observations 

lead us to predict that S100B inhibits IL-6/STAT3 signaling, chemokines, and other 

cytokines to suppress immune surveillance.  

 Lymphocyte infiltration of metastatic tumors is an essential step of the immune 

response in many cancers including melanoma. It was previously reported that melanoma 

patients had better a prognosis and regression of their primary tumor with lymphocyte 

infiltration of the mass. The first step of the adaptive immune response is the movement 

of T lymphocytes to the lymph nodes, where the T cells encounter antigen-presenting 

dendritic cells. The movement of the T lymphocytes along the HEV requires the 

expression of several chemokines and receptors that facilitate the lymphocyte trafficking 

and extravasation into the lymph nodes and back to the tumor sites (64). We propose that 
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S100B in the tumor inhibits expression of IL-6, other cytokines, and chemokines to 

restrain their secretion into the microenvironment. As a result, signaling mediated by 

cytokines and chemokines on immediate nearby cells is inhibited, resulting in an overall 

suppression of lymphocyte infiltration (Figure 3-3).   

 Future experiments are necessary to determine the expression of CFS-1 and CSF-

2 in other melanoma cell lines with varied S100B expression such as WM793, WM1158, 

and SK-MEL-28 melanoma cell lines. Also, it is necessary to determine whether S100B 

silencing induces secretion of CSF-1 and CSF-2 in melanoma. ELISA can be used to 

determine the secreted CSF1 and CSF2 in melanoma cell lines. Also, multiplex ELISA 

can be used to measure S100B effect on multiple cytokines that we identified in the PCR 

array (Table 3-2). Future work in mouse models is also required to further confirm the 

role of S100B in the immune response. Overexpression of S100B in mouse melanoma 

cell line B16 and subsequent injection into C57BL/6 mice will be done to demonstrate 

the effect of S100B on the secretion of IL-6, CSF-1, and CSF-2. Also, this mouse model 

can be used to determine the effect of S100B and/or IL-6 on tumor growth.  
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Figure 3-3: Hypothetical representation of S100B regulatory effect on IL-6 signaling 

within the microenvironment. Elevated S100B suppresses expression of IL-6 and other 

cytokines and chemokines to curb the local immune response.  S100B inhibits IL-6 trans-

signaling to inhibit T-cell-mediated response, permitting the tumor to thrive and continue 

to grow.  
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Chapter 4 

Identification and characterization of S100B inhibitors using cell-based 

high throughput assay 

4.1 Introduction  

 Long-time survival remains extremely poor for most malignant melanoma 

patients and side effects from treatment are often severe (114,115). The Prognosis is even 

dimmer after the onset of metastasis and/or when drug-resistant mechanisms arise 

(116,117).  While drugs that have arisen from advances in immune checkpoint inhibitors 

can have remarkable outcomes for some melanoma patients, these therapies have limited 

or small effects in others. Trials with immune checkpoint inhibitors are often conducted 

using them in combination with chemotherapy, radiation, and/or targeted approaches 

(118,119). One alternative target in melanoma is S100B, which is an important biomarker 

for melanoma and other cancers (33). S100B is elevated in more than 90% of melanoma 

patients, and its protein level correlates directly with poor survival and relapse. Also, 

S100B is especially predictive as a biomarker when used in combination with other 

diagnostic indicators (120-122). For example, melanoma vaccines and the checkpoint 

inhibitor CTLA-4 are only effective in small number of patients of whom nearly all have 

a low level of S100B (123,124). The non-responders to the CTLA-4 inhibitor had a 

significant increase of S100B protein level in the serum. While this correlation is not 

fully understood, mechanistic studies show that lowering S100B levels via shRNA or via 

small molecule inhibitor restored p53 levels and its tumor suppressor activities including 

UV-induced apoptosis pathways found in normal melanocytes (39,49) . Studies suggest 
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that S100B blocks p53 oligomerization, and contributes to p53 degradation in concert 

with the E3 ubiquitin ligase, hdm2 (39,43,49). Elevated S100B and overexpression of 

RAGE confer a metastatic phenotype (40,55). In chapter 2 and 3, we determined that 

elevated S100B inhibits major cytokines and chemokines such as IL-6, CSF1, and CSF-2. 

We propose that elevated S100B inhibits cytokines to curb the local immune response 

and prevent immunosurveillance in melanoma. Thus, learning how S100B affects tumor 

progression and metastasis is ongoing, including the development of novel S100B 

inhibitors, termed SBiXs, to ablate S100B-dependent effects in cancer.  

 One of the first compounds found to inhibit S100B was the FDA-approved drug, 

pentamidine. In these studies, pentamidine, 4b (SBi1), binds sites 2 and 3 in the p53 

binding site on S100B. Pentamidine was repurposed for use in a phase II clinical trial for 

treatment of relapsed and/or refractory melanoma in patients with detectable levels of 

S100B protein. While p53 levels were often restored in these patients after treatment, the 

toxicity profile for pentamidine was not ideal, likely in part due to the fact that 

pentamidine also binds to several cellular targets, including DNA (125,126). For these 

reasons, studies are ongoing to improve the affinity and selectivity of pentamidine 

analogues for binding to S100B. Therefore, in this chapter, a cell-based high throughput 

assay was used to determine the effect of novel pentamidine and heptamidine derivatives 

on melanoma growth and the restoration of p53 and IL-6 in melanoma cell lines with 

high and low S100B. Also, we discuss the effect of a series of inhibitors which occupy 

only the central binding site (site 2) of S100B on melanoma growth and restoration of 

p53 and IL-6. Finally, we discuss the effect on cell growth and restoration of IL-6 of an 

S100B inhibitor that binds to site 3 alone (SC0025).  
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4.2. Materials and Methods  

4.2.1. Cell lines and cell culture.  

 WM115 malignant melanoma cells were obtained from American Type Tissue 

Collection (ATCC). The WM115 cells have the activating BRAF V600E mutation and 

wild type NRAS. WM115 cells were subjected to Lentiviral shRNA Particle Infection 

targeting S100B as described elsewhere (54). The cells were cultured in minimum essential 

medium (MEM) supplemented with 10% heat-inactivated fetal bovine serum (FBS), 1% 

Penicillin/Streptomycin at 100 units/mL, 0.5 µg/mL Puromycin. Cells were maintained in 

a 37 ºC incubator with 5% CO2. 

 

4.2.2. Growth inhibition assay.  

  A collection of pentamidine analogs, site 2 inhibitors, and SC0025 (site 3 

inhibitor) were tested for their ability to inhibit the growth WM115 human melanoma 

cells expressing high levels of S100B (WM115 
shScrambled

) and low levels of S100B 

(WM115
shS100B

), using a modification of the high throughput screening assay performed 

by Bachman et al. Using a Biomek FX Laboratory Automation Workstation (Beckman-

Coulter) equipped with a 96-channel pipetting head, 20 μl of MEM (Invitrogen) 

supplemented with 10% fetal bovine serum, were added to each well of a 384-well tissue 

culture plate (Corning) containing enough cells such that growing uninhibited they reach 

80% confluence in ~5 days.  The cells are propagated in the presence of 0.5 mg/mL 

puromycin to maintain the vector expressing S100B shRNA to knockdown (KD) the 

protein or the same vector containing a scrambled control shRNA.  After 24 hours of 

growth at 37 °C in 5% CO2 humidity controlled incubator the cells were treated with 20 
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μl of compound in the same culture media, while in the control cultures, only an 

equivalent amount of DMSO added with the compound is added.  Titrations of the 

compounds were performed in triplicate using the Biomek NXP Laboratory Automation 

Workstation (Beckman-Coulter) equipped with an 8-channel pipetting head before being 

added to the cell plates.  After four additional days of incubation, the cells were lysed by 

the adding 20 μl of lysis buffer consisting of 1.8% Igepal with 1:10,000 dilution of SYBR 

Green I (Invitrogen).  The covered plates were incubated for another 24 hours at 37 °C in 

a 5% CO2 humidity controlled incubator.  The fluorescence intensity was then read 

through the bottom of the plate using a POLARstar Optima fluorescent plate reader 

(BMG) with 485 nm excitation and 520 nm emission filters.  The SYBR-green 

fluorescence is used to measure total DNA that in turn correlates with cell number as 

previously described.  The EC50 of the compounds were determined using serial dilutions 

and done in quadruplicate, as above, with no more than 1.0% DMSO or 1000 μM 

compound. 

 

4.2.3. Immunoblotting and antibodies 

 Cells were harvested with cold 1x PBS, transferred to 1.5 ml Eppendorf tube, and 

subjected to centrifugation at 4000 rpm for 5 minutes in the cold room. Then, supernatant 

was removed and cells pellets were frozen in the -80 ºC for overnight. The following day, 

cells were lysed with lysis buffer (20 mM HEPES pH 7.4, 1% Triton 100X, 150 mM 

NaCl, 1 mM EGTA, 1 mM EDTA, 10 mM Na-Pyrophosphate, 100 mM NaF, 5 mM 

Iodoacetic acid, 20 nM Okadeic acid, 0.2 mM PMSF) and subjected to immunoblotting. 

Immunoblotting was performed using 25 µg of cell lysates loaded onto a 12% SDS-
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PAGE gel. The protein was subsequently transferred to PVDF membranes (BioRad) and 

reacted with mouse anti-S100B (1:2000, BD Biosciences), rabbit anti-p53 (1:1000, Cell 

signaling), GAPDH (1:10,000, Cell signaling). The blots were then reacted with either 

goat anti-mouse or anti-rabbit secondary antibodies (Invitrogen) and treated with 

enhanced chemiluminescence (ECL) Western blot HRP Substrate (Thermo Fisher) at 1:1 

ratio.  

 

4.2.4. Human IL-6 ELISA 

Whole media at the indicated conditions and time-points was removed prior to 

harvesting cells, and subjected to ELISA (Thermo Fisher). The absorbance was measured 

on an ELISA plate reader at 450 nm and 550 nm. The 550 nm values were subtracted 

from the 450 nm. Absorbance was obtained for each of the unknown samples in 

duplicates. A standard curve was generated by plotting the absorbance of each standard 

concentration on the y-axis and the sample concentrations (pg/mL) on the x-axis. The 

human IL-6 in the unknown samples of two technical replicates was determined using 

slope of the standard curve. Three independent biological replicates were performed for 

each experimental assay in two technical replicates.  

 

4.2.5. Statistics  

 Data are presented as mean ± S.D. or ± S.E.M as indicated in each figure. 

Differences in means were analyzed by using the Student’s t test (two-tailed). 
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4.3. Results  

4.3.1. The effect of pentamidine/heptamidine deviates on melanoma growth. 

  The development of small molecule inhibitors that block S100B-p53 interaction 

requires inhibition of large protein-protein interfaces (PPIs) that were once thought to be 

difficult, if not impossible, to block. It is now recognized that the interfaces of most PPIs 

have smaller amino acid domains, called persistent sites, which contribute more 

energetically to the PPIs than the surrounding protein surface (127). For the PPIs 

involving S100B, two inhibitors, pentamidine (4b) and heptamidine (4a), were 

discovered to block the S100B-p53 complex by occupying two persistent binding sites 2 

and 3 within the S100B (128,129). The goal of the present study was to determine the 

effect of pentamidine and heptamidine derivatives on the growth of the non-targeting 

scrambled and stable S100B knockdown WM115 cells. In cellular assays, EC50 values for 

these compounds were all in the micromolar range (EC50: 5a-d ≈ 20-60 μM; 6a-6b ≈ 200-

600 μM; 6c-6d ≈ 25-45 μM; 7a, 7b, 7d ≈ 5-20 μM; 7c ≈ 250-300 μM; Table 4-1) but the 

EC50 values for all the compounds were all higher than those observed for comparable 

studies with pentamidine (EC50: 4b=17±2 μM; Table 4-1) and none showed improvement 

over that observed for heptamidine, which also demonstrated an S100B specific affect 

(
High S100B

EC50: 4b =11±2 μM; 
Low S100B

EC50: 4b=26±4 μM; Table 4-1). 
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Table 4-1.  Tabulation of Cellular Assay Results 

Prep. I.D. 

Internal 

I.D. 

SBiX 

High S100B 

EC50 (μM)
 a
 

Low S100B 

EC50 (μM)
 a
 

Mean ± S.D. Mean ± S.D. 

4a 4211 11.5 ± 2.4 25.6 ± 4.0 

4b 1 16.3 ± 1.7 16.7 ± 2.4 

4c 4210 245.2 ± 15.5 234.0 ± 7.9 

5a 4225 32.2 ± 1.5 21.2 ± 1.5 

5b 4224 56.2 ± 7.0 38.9 ± 6.8 

5c 4226 52.0 ± 4.5 34.5 ± 4.6 

5d 4221 21.8 ± 4.4 24.3 ± 5.6 

6a 4213 612.5 ± 232.9 288.9 ± 106.0 

6b 4214 203.1 ± 147.7 283.6 ± 221.1 

6c 4218 44.1 ± 35.0 42.7 ± 43.2 

6d 4217 24.8 ± 8.9 37.9 ± 32.9 

7a 4227 7.8 ± 1.6 9.2 ± 2.1 

7b 4223 20.0 ± 3.0 19.0 ± 3.7 

7c 4228 264.2 ± 107.3 301.2 ± 139.2 

7d 4222 5.4 ± 0.9 4.8 ± 0.9 

8 4236 37.1 ± 3.6 33.3 ± 0.5 

9a 4232 24.3 ± 6.3 25.4 ± 6.8 

9b 4230 46.3 ± 5.6 45.8 ± 6.4 

10 4235 0.4 ± 0.1 0.5 ± 0.1 

11 4212 130.8 ± 18.1 146.1 ± 17.4 

16a 4239 51.8 ± 6.0 41.0 ± 7.0 

16b 4238 863.6 ± 103.2 500.1 ± 128.6 

17 29 <1.0   <1.0   
a 

The SYBR Green cell proliferation assay was done using WM115 

melanoma cells transfected with shRNA
scrambled

 (i.e. high S100B) or 

shRNA
S100B

 (low S100B). 

 

4.3.2. The effect of covalent small molecule inhibitors of S100B on melanoma 

growth.  

In the previous section, we used pentamidine and heptamidine derivatives, which 

bind to sites 2 and 3 within S100B. Here we used a series of inhibitors, which occupy 

only the central binding site on S100B (site 2) through a covalent attachment to Cys84. 

Crystallization experiments identified four new S100B inhibitors: SC124, SC1475, 
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SC1982, and SBi4172 (Table 4-2). To determine whether these inhibitors affect cell 

proliferation in malignant melanoma, their effect on the growth of WM115 malignant 

melanoma cells, which express elevated levels of the S100B protein, was measured. 

Briefly, proliferation of non-targeting scrambled and stable S100B knockdown WM115 

cells were evaluated in triplicates following a 4 day incubation in the absence or presence 

of each compound at varying concentration (Table 4-2). For each titration, knockdown of 

the S100B protein was confirmed by Western blot analysis. The EC50 values were 

determined using the average of three or more titrations. With SC1475 as an exception, it 

was found that lower concentrations of SC124, SC1982, and SBi4172 were needed to  

inhibit cell growth of the non-targeting scrambled WM115 cells versus the stable S100B  

 

knockdown cells (Table 4-2). This is consistent with the compounds having specificity  

toward S100B-containing cells; however, only titrations with SC1982 were shown to be 

S100B-selective (1.77-fold) with a statistically significant t-test (p = 0.001; n = 8). 

Consistent with this result, p53 levels were 2-fold higher in the presence than the absence 

of SC1982 (Figure 4-1). This result along with an observation of S100B-dependent 
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growth inhibition suggests that SC1982 displays an on-target effect of S100B inhibition 

with subsequent p53 restoration.  

 

Figure 4-1: SC1982 restores p53 protein levels in the non-targeting scrambled and 

stable S100B knockdown WM115 cells 

Immunoblot analysis of p53 and S100B in the non-targeting scrambled (shSCR) and 

stable S100B knockdown (shS100B) WM115 cells after 4 hours of DMSO and SC1982 

treatments (5 µM). Loading control: GAPDH 

 
 

4.3.3. SC0025 that binds to site 3 within S100B binding sites inhibits melanoma 

growth and restores IL-6 protein level.  

  As part of a drug discovery program, a rational drug-design approach for 

developing S100B inhibitors is being used. This approach relies heavily on structural 

biology and computational and experimental screening techniques for the detailed 

characterization of small-molecule/protein interactions. In the previous sections, we 

described inhibitors that bind site 2 and 3 (i.e. pentamidine/heptamidine derivatives) or 

site 2 (i.e. SC1982). To examine the effect of inhibitors that bind to site 3 alone within 

S100B on melanoma growth, we used SC0025, which is apomorphine hydrochloride. 
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Proliferation of the non-targeting scrambled and stable S100B knockdown WM115 cells 

were measured in triplicates following a 4 day incubation in the absence and presence of 

SC0025 at varying concentration (Table 4-3).  

   

SC0025 demonstrated S100B-dependent killing with an in vivo efficacy of 10.8 µM in 

the non-targeting scrambled WM115 cells and an in vivo efficacy of 19.2 µM in the 

stable S100B knockdown WM115 cells (Table 4-3). However, SC0025 did not 

demonstrate an S100B-dependent increase in p53 levels, suggesting that binding this site 

alone may not be sufficient to completely block the S100B-p53 interactions (Figure 4-

2A). However, SC0025 treatments restored IL-6 in the non-targeting scrambled WM115 

 cells (high S100B) indicating that blocking site 3 is sufficient to restore IL-6 in these 

cells. We also aimed to determine the effect of the some pentamidine/heptamidine 

derivatives and SC1982 on IL-6 restoration in the melanoma cells. We measured the IL-6 

secreted protein level using ELISA in the non-targeting scrambled and stable S100B 

knockdown WM115 cells after 24 hours of drugs treatments. We were not able to detect 

significant change in the IL-6 protein level in any of the tested drugs (Figure 4-3). Of 

particular interest was SC1982, which was shown to restore p53 protein level in S100B-

A 
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specific manner (Figure 4-1). Even though SC1982 restored p53 protein level, this same 

compound was not able to restore IL-6 in the same melanoma cell line. On the other 

hand, SC0025, which binds site 3 alone, can restore IL-6 but not p53 protein level. These 

results suggest that compounds that can bind S100B in different sites can restore specific 

targets of S100B.  

 

 

 

 

 

 

 

Figure 4-2: SC0025 restores IL-6 protein level. 

(A) Immunoblot analysis of p53 and S100B in the non-targeting scrambled (shSCR) and 

stable S100B knockdown (shS100B) WM115 cells after 4 hours of DMSO and SC0025 

treatments (15 µM). Loading control: GAPDH. (B) ELISA of the secreted IL-6 protein 

level in the non-targeting scrambled and stable S100B knockdown WM115 cells after 24 

hours of DMSO and SC0025 treatments (10 or 15 µM).  
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Figure 4-3: The effect of S100B inhibitors on IL-6 restoration in WM115 melanoma 
cells. ELISA of the secreted IL-6 protein level in the non-targeting scrambled and stable 

S100B knockdown WM115 cells after 24 hours of either DMSO or the indicated drug 

treatments.  

 

4.4. Discussion  

Malignant melanoma is the fifth and seventh most common cancer among men 

and women, respectively, so the discovery of novel therapeutics for its treatment remains 

a high priority (130). Elevated S100B is not only a clinical marker but also binds to and 

negatively regulates p53 at the protein level (39,48,49). Even though p53 is mutated in 

most cancers, it is wild type in more than 90% of melanoma patients (131-133). 

Therefore, restoring p53 protein by inhibiting S100B represents a novel therapeutic 

approach for treating melanoma patients. Low-molecular weight compounds that block 

p53 binding on S100B, inhibiting the S100B-p53 complex do exist but improving their 

affinity, efficacy, and specificity remains a priority. Thus, S100B represents a new cancer 

target, and improved S100B inhibitors should provide novel therapeutics for treating 

melanoma by restoring p53 protein (131).  
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 Of the five inhibitors that covalently bind site 2 of S100B, SC1982 has the most 

significant hydrogen bonding within S100B binding pocket (data not shown), and 

interestingly, it demonstrated the highest level of target activity in the WM115 cellular 

assay (Table 4-2). Furthermore, SC1982 restored the p53 protein level (Figure 4-1). 

However, SC1982 was not able to restore IL-6 secreted protein level (Figure 4-3). On the 

other hand, SC0025 was able to restore IL-6 secreted protein level but not p53 protein 

level. SC0025 is already an FDA-approved drug for treatment of Parkinson’s disease, 

functioning as a strong nonergoline D1 and D2 receptor agonist with a dopaminergic 

effect, and is well tolerated by patients (134,135). In the present work, we show that 

SC0025 binds site 3 within S100B binding pocket (data not shown) and kills melanoma 

cells in S100B-selective manner (Table 4-3). Moreover, we show that SC0025 selectively 

restores IL-6 secreted protein level by > 2-fold in S100B-proficient cells. These results 

suggest that an inhibitor that binds one or two sites within S100B is not enough to disrupt 

multiple S100B-target complex formation. S100B has been associated with multiple 

factors other than p53 or IL-6. For instance, S100B was found to enhance cell viability 

and modulate MAPK signaling by binding directly to RSK. The formation of this 

complex prevents ERK-dependent phosphorylation of RSK and sequesters RSK into the 

cytosol, preventing it from acting on nuclear targets (54). Thus, S100B has been shown to 

increase the level of cell survival in malignant melanoma by contributing to abnormal 

ERK/RSK signaling. Also, another target of S100B is RAGE. RAGE is upregulated in 

late metastatic stages of samples from melanoma patients. The overexpression of RAGE 

is associated with mesenchymal-like morphologies in WM115 cells and results in greater 
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migration abilities and reduced proliferation properties. This supports a role of RAGE in 

the metastatic switch of melanoma cells (25,55,57).  

It is necessary to design drugs that can occupy all three binding sites within 

S100B to potentially prevent multiple targets from binding S100B. SC1982, SC0025, and 

pentamidine/heptamidine derivatives presented in this chapter offer a potential chemical 

scaffold that can be used to further improve affinity and specificity. The goal is the 

design of inhibitors that can take advantage of all three binding sites within S100B (sites 

1-3) to potentially inhibit S100B-target formation and kill melanoma cells.  
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Chapter 5 

Summary and Future Directions 

 

5.1. S100B mediates cross talk between the IL-6 signaling pathway and MAPK 

pathway in melanoma.  

  S100B is the most important and useful biomarker for malignant melanoma; 90% 

of patients have elevated levels of S100B in their blood serum. It has been shown that 

S100B binds and inhibits p53 activity (39,43,48-51). S100B modulates RAGE signaling 

to increase cell survival, migration, invasion and tumor metastases (25,40,55-57).  A 

recent study also showed that S100B inhibits RSK nuclear localization in melanoma cells 

(54). In this work, we identify an additional mechanism where S100B inhibits IL-

6/STAT3 signaling through RSK and CREB. Through this mechanism, S100B links the 

MAPK and IL-6 signaling pathways. We show that S100B inhibits phosphorylation and 

activation of CREB. As a result, expression of IL-6, which is a target of CREB, is also 

suppressed. It is important to note that intracellular S100B is regulating IL-6 signaling. 

Inhibition of extracellular S100B with polyclonal antibody did not alter IL-6 secretion 

from the non-targeting scrambled and stable S100B knockdown WM115 cell lines 

(Figure 5-1A and B).  
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Figure 5-1: Extracellular S100B does not affect levels of secreted IL-6 protein in 

malignant melanoma cells.  

ELISA of the human IL-6 secreted protein level in the non-targeting and stable S100B 

knockdown WM115 cells after 24 and 48 hours of S100B polyclonal antibody treatments 

in 1:500 dilutions (A) and 1:50 dilutions (B)  

 

  

 IL-6 signaling is known to be pro-tumorigenic (64); however, other studies 

indicate an opposite effect of this signaling pathway in inhibition of tumor growth and 

activation of immune responses (65,67-69,74,87,136,137). Specifically in early stage 

melanoma, IL-6 signaling was shown to inhibit tumor growth of A375 melanoma cells in 

STAT3-dependent manner (107).  Further, Oh et al. showed that addition of sIL-6R to 

B16 metastatic melanoma cells restored tumor growth inhibition via activation of 

STAT3, interferon regulatory factor 1 (IRF-1), and tumor suppressor p21. The 

upregulation of IRF-1 in response to IL-6 treatment is of particular interest (138) because 

we showed that IRF-1 was upregulated by > 2-fold in response to S100B knockdown in 
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the WM115 melanoma cell line (Table 3-2). Our results suggest that IRF-1 is perhaps 

upregulated in the stable S100B knockdown cells in response to the increased IL-6 and/or 

STAT3 activity. Future experiments are required to determine whether IL-6 and STAT3 

manipulate expression of IRF-1 in melanoma cells with high vs. low S100B. It is also 

important to determine the protein level of IRF-1 and to examine effects of IRF-1 on 

proliferation and survival in WM115, WM793, WM1158, and SK-MEL-28 melanoma 

cell lines. We hypothesize that IRF-1 is upregulated via IL-6/STAT3 signaling to inhibit 

proliferation of melanoma cells. By extension, elevated S100B silences IL-6 signaling to 

prevent expression of anti-proliferative factors such as IRF-1. It will also be important to 

determine the effect of S100B silencing and IL-6 inhibition on proliferation. We expect 

that IL-6 inhibition in the stable S100B knockdown cells will increase their proliferation. 

These experiments will further define mechanisms mediating the anti-proliferative effect 

of IL-6/STAT3 in melanoma.  

 

5.2. S100B inhibits IL-6 signaling to potentially evade the immune response in 

malignant melanoma. 

 We identified genes that encode for chemokine ligands, chemokine receptors, and 

cytokines that were upregulated in response to S100B silencing (Table 3-2). We found 

that CSF-1 and CSF-2, cytokines involved in the differentiation of monocytes and 

macrophages, respectively, are highly elevated in the stable S100B knockdown WM115 

cells. More importantly, we found that expression of CSF-1 and CSF-2 was STAT3-

dependent (Figure 3-2A and B). CSF-2 activates T-cells and is currently used in vaccine 
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therapy for melanoma in phase II clinical trials indicating the importance of this cytokine 

for T-cell activation and immune response (139-141).  

Mullen et al. determined that IL-6-producing tumor cells injected into mice 

eliminated tumor growth and decreased lung metastasis by 80% in mice. They also 

showed that, in irradiated mice, the IL-6-dependent reduction of tumor growth was not 

observed, while reduction in lung metastasis was sustained (142).  These results suggest 

two important observations. First, IL-6 signaling activates a T cell-independent 

mechanism to reduce lung metastases in the irradiated mice. As discussed above, IL-6 

signaling perhaps activates anti-proliferative genes to inhibit metastases.  Secondly, IL-6 

producing tumors require activation of T-cells to reduce tumor growth. We predict that 

S100B inhibits IL-6 signaling to inhibit T-cell activation and curb the local immune 

response. Lymphocyte infiltration correlates with better prognosis in melanoma (64,75). 

The expression of chemokine receptors, adhesion molecules, integrins, and cytokines are 

necessary for lymphocyte infiltration. It is possible that to impede the immune response, 

S100B inhibits IL-6 signaling and expression of genes that are involved in activation of 

T-cells, macrophages, and dendritic cells. Future experiments are required to test this 

hypothesis describing S100B-dependent inhibition of the immune response. For example, 

a suspension of S100B-expressing B16 cells can be injected into C57b1/6 mice to allow 

formation of subcutaneous tumors.  The size of resulting tumors can be monitored 

periodically to determine the effect of the presence and absence of S100B on tumor size 

and/or metastases. Subsequently, the level of IL-6 can be measured in the blood of mice 

to determine the effect of S100B-expressing B16 cells on the expression and secretion of 

IL-6. Also, other cytokines such as CSF-1 and CSF-2 can be monitored to determine 
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whether S100B expression decreased production of important cytokines involved in the 

activation of T-cells. 

 

5.3. Suppression of MITF expression by S100B in IL-6-dependent manner. 

 I have also determined that S100B silencing inhibits MITF mRNA level by > 2- 

fold compared to the non-targeting scrambled WM115 cells in an IL-6 dependent manner 

(Figure 5-2A and B). Inhibition of IL-6 with IL-6 inhibitory antibody increased the MITF 

mRNA level by > 3 folds in the stable S100B knockdown cells. These results indicate 

that when S100B is silenced, IL-6/STAT3 signaling is restored to inhibit MITF 

expression. Inhibition of IL-6 in the stable S100B knockdown perhaps activates PAX3 to 

induce MITF expression.  

Figure 5-2: S100B upregulates expression of MITF in an IL-6 dependent manner.  

(A) Quantitative reverse-transcriptase PCR (qRT-PCR) of the relative levels of MITF 

mRNAs normalized to GAPDH mRNA in the non-targeting scrambled and stable S100B 

knockdown WM115 cells. Error bar represents mean ± S.E.M of two independent 

replicates done in triplicates; *, P < 0.05 versus control shSCR. (B) Quantitative RT-PCR 

of MITF mRNA from cells incubated in the absence and presence of IL-6 inhibitory 

antibody (4 hours of treatment, 0.15 µg/mL). mRNA was normalized to GAPDH. Error 

bars represent mean ± S.E.M of two independent replicates done in three technical 

replicates; *, P < 0.05 versus shSCR (IgG); #, P < 0.05 versus shS100B (IgG). 
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 MITF is a transcription factor involved in the development and differentiation of 

melanocytes and melanin production. MITF expression is regulated by several pathways 

including the IL-6 signaling pathway. IL-6-dependent activation of STAT3 inhibits 

PAX3, a transcription factor that regulates the MITF gene. As a result, MITF expression 

is inhibited (143) (Figure 1-4). MITF plays an important role in melanoma growth by 

inducing cell-cycle progression and proliferation, and suppressing senescence (4,19,144).  

 MITF leads to cell cycle progression and induces proliferation by targeting 

CDK2, which inhibits tumor suppressor Rb. Also, MITF activates expression of TBX2, 

which inhibits p21 and pARF to induce proliferation and inhibit senescence (19,21,144).  

Therefore, recovering MITF expression in melanoma is important for melanoma growth. 

Our results here support the notion that S100B inhibits IL-6 signaling to enhance MITF 

expression in melanoma to perhaps enhance proliferation. We should next determine the 

MITF protein level in the non-targeting scrambled and stable S100B knockdown WM115 

cells. Future experiments must be conducted to determine the effect of S100B on MITF 

expression in WM793, WM1158, and SK-MEL-28 melanoma cell lines.   Moreover, 

future studies are necessary to measure proliferation in the non-targeting scrambled and 

stable S100B knockdown WM115 melanoma cells with MITF silencing. MITF 

knockdown in control and stable S100B knockdown WM115 cells will further determine 

the necessity of MITF expression on proliferation in S100B-dependent manner. The 

results stemming from such future experiments will reveal important observations 

regarding the role of MITF in melanoma growth. Furthermore, we should investigate 

expression of MITF target genes such as TBX2, and or/ CDK2. We predict that elevated 

S100B in melanoma cells upregulates expression of these genes through MITF.  
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5.4. Targeted therapy to silence S100B and augment IL-6 signaling in melanoma can 

perhaps have greater impact on melanoma patients with elevated S100B in their 

serum.   

Cancer develops and progresses due to complex and different cellular 

mechanisms. As a result, treatments, prognosis, and response can vary among different 

cancers. The characterization of S100B targets and their contribution to cancer 

proliferation, survival, and invasion can aid in the development of efficient melanoma 

therapy. Current therapy for melanoma patients consist of BRAF inhibitors (Vemurafenib 

and dabrafenib) and MEK inhibitors (trametinib and cobimetinib). Combinations of 

BRAF and MEK inhibitors enhanced overall survival rate and progression-free survival 

in patients compared to monotherapy with either MEK or BRAF inhibitors (145-148). 

Immunotherapies such as PD-1 and CTLA-4 inhibitors are also in clinical trials for 

treatment of malignant melanoma. Ipilimumab is an anti-CTLA-4 monoclonal antibody 

that binds to the CTLA-4 receptor on T-cells and inhibits CTLA-4 interaction with the B7 

antigen on tumor cells. The interaction of CTLA-4 with B7 inhibits T-cell activation and 

reduces the tumor-infiltrating lymphocytes. Randomized clinical trials have shown an 

overall survival of > 10 months in patients treated with Iiplimumab compared to 

chemotherapy (149). Combination of both CTLA-4 and PD-1 inhibitors along with GM-

CSF-secreting vaccines significantly augmented survival rate and overall response rate 

compared to monotherapy alone (150,151). The success and profound progress in the 

patients’ response to checkpoint inhibitors show the importance of activating the immune 

response. A recent clinical study that used an CTLA-4 inhibitor (Ipilimumab) for 
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advanced metastatic melanoma observed that melanoma patients with elevated S100B 

that did not respond to the treatment (91). These results suggest that poor response and 

low survival is perhaps due to elevated S100B. It is possible that S100B regulates cellular 

mechanisms, such as IL-6 signaling, to enhance tumor growth and/or inhibit the immune 

response regardless of the use of a CTLA-4 inhibitor. It is plausible that elevated S100B 

in the non-responder groups inhibits the immune response and so decreases the efficacy 

of checkpoint inhibitors such as CTLA-4. 

Identifying and studying S100B targets will aid in generation of specific 

inhibitors that mimic the S100B binding targets, thus increasing specificity and 

decreasing off-target effects (3,50). The use of S100B inhibitors with checkpoint 

inhibitors and IL-6 secreting vaccines in a mouse model can be used to determine the 

effect of combined therapies on tumor growth and metastasis. The results may help 

identify a therapeutic intervention for immunotherapy in melanoma, in which inhibition 

of S100B in addition to a cocktail of other successful agents and an IL-6 secreting 

vaccine can be exploited as a new therapeutic intervention for immunotherapy in 

melanoma with elevated S100B. 
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Appendix I. Standard Protocols: 
 

A. MJA-Standard Protocol 01: Immunoblotting 

Day 1 (Run gel, transfer, blot) 

  

 

1. Prepare samples: 

 

Reagent   Sample 

Sample   x µl (base on the amount of protein to load) 

5x Sample loading buffer  4 µl 

Lysis buffer (-)   to 20 µl 

Total volume   20 µl 

 

2. Heat the samples on heating block at 95 C for 5 min; spin down for 10 sec; load, 

and run as described below.  

 

3. Orient the gel in the Mini-Cell such that the notched “well” side of the cassette 

faces inwards toward the Buffer Core.  

 

4. If you are running just one gel, use the plastic Buffer Dam in place of the second 

gel cassette to form the Upper Buffer Chamber.  

 

5. Once the seal is tight, fill the Upper Buffer Chamber (Inner) and lower Buffer 

Chamber with the Tris-Glycine SDS 1x Running Buffer. The buffer level must 

exceed the level of the wells. 

 

6. Gently pull the comb out of the gel cassette.  

 

7. Rinse sample wells with the same Running buffer in the Mini-Cell with p200 

pipette.  

 

8. Load the prepared samples onto the gel. The 10-well gels load up to 50 µl of 

volume per well. 

 

9. Load 5 µl of PageRuler plus Prestained Protein ladder (Cat. # 26619). Prepare 

marker with 5x loading buffer such that the volume is equal to the volume of 

samples. For example, if the final volume of samples is 20 µl, then prepare 5 µl of 

protein marker with 15 µl of 5x loading buffer.  

 

10. Connect the electrodes, turn on power and run at 80 V (31 mA for 1 gel and ~ 79 

mA for 4 gels) until the samples enter the resolving gel and then run at 100 V for 
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45 to 90 min or until the protein marker are nicely resolved. 12 % percentage is 

common for most proteins including S100B. Adjust gel percentage as 

necessary for other proteins depending on the size of protein. For example, 

use 8% SDS-PAGE gel for P-STAT3, total STAT3, SP1.    

 

11. Transfer onto PVDF (immobilon-P) membrane. Cut  2 Whatman papers and 

membrane (about same size as the gel); wet the membrane with MeOH for 1 min, 

equilibrate membrane in cold 1x Tris-Glycine transfer buffer while assembling 

blotting apparatus 

 

12. Assemble the blotting apparatus: black (-)/ 2 wet sponges/ 3 filter 

papers/gel/membrane/ 3 filter papers/ 2 wet sponges/clear (+); this way the 

membrane is close to the clear side. The clear side of the cassette goes closest to 

the red of the transfer apparatus, hence membrane is close to the positive side 

before the gel; make sure to roll out any air bubbles with the thin glass plate when 

placing membrane on the gel. Slide the cassette into the transfer apparatus.  

 

13. Transfer the blots at 115 V for about 1.5 hours; make sure to keep it cold in 1x 

transfer buffer by placing the blotting tank in Styrofoam box containing ice.  

 

14. Remove the cassette from the apparatus and dissemble from the black side, so that 

side of membrane is face up during washes and make a cut at the top right side of 

membranes to know the side of proteins.  

 

15. Block membrane in with 5% milk (or 5% BSA for phosphorylated proteins), 

1x TBS, 0.1% Tween for 1 hour at RT.   

 

16. Wash the blots 3 x for 5 min each in 1x TBS, 0.1% Tween on shaker table. 

 

17. Incubate the blot with the recommended dilution of anti-body in 5% non-fat milk 

(or 5% BSA for phosphorylated proteins), 1x TBS, 0.1% Tween20, in the cold 

room for overnight.  

 

Day 2 (2
nd

 antibody and β-actin) 

 

Applying 2
nd

 antibody 

 

1. Wash the blot 3x in 1x TBS, 0.1% Tween20 for 5 min each.  

 

2. Incubate the blot with 1:3000 anti-mouse secondary antibody in 5% non-fat milk, 

1x TBS 0.1% Tween20 at RT for 1 hour. Use the same dilution for anti-Rabbit or 

anti-goat antibodies.  

 

3. Wash the blot 3x in 1x TBS, 0.1% Tween20 for 5 min each.  
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4. After the 3
rd

 wash is complete, prepare chemiluminscence detection reagent 

(ECL) by mixing the luminal and peroxide solutions in 1:1 ratio. Mix 5 ml of 

luminal solution with 5 ml of peroxide solution. Pick the membrane with a 

tweezers, gently shake off the 1x TBS, 0.1% Tween20 and place blot in small 

container containing the prepared ECL. Incubate in the dark for 5 min, and then 

place in the cassette and develop the film.  

 

5. Take several exposures, place film on the blot to mark the protein marker to know 

the size of proteins. 

 

6. Subsequent to film exposure, wash the blot once with 1x TBS, 0.1% Tween20 for 

5 min and blot for any other protein of interest with appropriate dilution as 

recommended by the antibody manufacture.   

 

7. If 2
nd

 protein of interest overlap with the first protein you blotted for, strip off blot 

with strpping solution (see MJA-Appendix A for preparation of stripping 

solution) in the 55 C for 30 min. Remove stripping solution, rinse with ddH2O 

several time, and then wash 2 times with 1x TBS, 0.1% Tween20 at RT for 10 

min. block membrane as described above and add antibody dilution. 

 

Blotting for β-actin 

 

1. If the β-actin overlaps with one of the proteins you previously blotted for, strip off 

blot as described above.  

 

2. Incubate the blot with 1:10,000 mouse anti- β-actin antibody in 5% non-fat milk, 

1x TBS, 0.1% Tween20 at RT for 1 hour.  

 

3. Wash the blot 3x with 1x TBS, 0.1% Tween20 for 5 min each.  

 

4. Blot with 1:3000 anti-mouse 2
nd

 antibody in 5% non-fat milk, 1x TBS 0.1% 

Tween20 at RT for 1 hour.  

 

5. Wash the blot 3x in 1x TBS, 0.1% Tween20 for 5 min each. Drain blot, apply 

chemiluminscence and expose to film as described above.  

 

 

 

B. MJA-Standard Protocol 02: Trypsinizing and Seeding cells. 

1. Remove old media; wash with 1x PBS and aspirate PBS.  

2. Add 4 ml of Trypsin to each 150mm x 25mm dish, respectively, and incubate the 

dishes at 37ᵒC for 10 min.  

3. Add 6 ml of fresh culturing medium to each dish, resuspend the cells by gently 

pipetting up and down, and transfer cells suspension to a clean 50 ml conical tube. 
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4. Spin down the cells using tissue culture centrifuge at 1000rpm for 5 min; remove 

the media and resuspend the cells with fresh 5 ml medium by gently pipetting up 

and down (optional). No need to spin down the cells. You can proceed to step 5 

directly.  

 

5. Remove 10 µl of cells and add to a 1.5 ml tube containing 10 µl Trypan Blue. 

Mix by gently tapping the tube.  

 

6. Place the cover slip over the counting surface of the hemocytometer and add 10µl 

of the cells/Trypan Blue mixture by placing the p20 pipette tip into one of the V-

shaped wells and gently eject the sample.  

 

7. Place the hemocytometer under 10x magnification and do cell count: 

a. The hemocytometer contain 9 squares. The squares at the 4 corners 

contain 16 smaller squares. You will count cells in these 4 squares (A-D; 

See diagram below) 

 

 

 

 

 

 

 

 

 

 

 

 

 

8. Once you finish cell counting, the cells concentration can be calculated using the 

following equation: 

A B 

C D 
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Total cells/ml = Total cells counted     x dilution factor (2) x 10,000 cells/ml 

    # of squares used (4) 

 

9. To determine the total cells in the whole sample, multiple the cells/ml by 10 

(which is the total resuspension volume).  

 

10. to freeze cells in 5 % DMSO-containing media 

 

a. Prepare media with 5% DMSO by adding 0.5 ml DMSO in 9.5 ml media 

to make 10 ml total volume.  

b. Spin down the cells to remove the media and resuspend the cells pellet 

with 5 % DMSO-containing media. 

c. Aliquot 1 ml of cells in cryovials and freeze cells in -80 C.  

 

11. To seed dishes with cells at certain density see example below: 

 

Example: The cell count as determined using hemocytometer is 200 x 10
4 

cells/ml; seed 10 cm dish at 500,000 cells/ dish in 10 ml of media:  

    

  Calculations:  

500,000 / 200 x 10
4
 = 0.25 ml of cells  

Thus, add 0.25 ml of cells to 10 ml of media in 10 cm dish. 

  

If multiple dishes (ex. 4 dishes) are needed to be seeded at the same cell 

 density: 

0.25 ml * 4 dishes = 1 ml of cells 

Make a master mix: mix 1 ml of cells with 39 ml of fresh media in 50 ml 

 of media, mix, and transfer 10 ml of this mixture to each of the 10 cm 

 dishes.  

 

 

C. MJA-Standard Protocol 03: Mission siRNA Transfection  

Purpose: Detect the levels of target proteins after siRNA KD of gene of interest. 

 

Reagents: 

siRNA targeting gene of interest  

Mission siRNA Universal Negative control #1 (SIC001-1NMOL) 

Mission siRNA Transfection reagent (Catalog No. S1452) 

5x siRNA buffer (Dharamcon, catalog # B-002000-UB-015) 

Cells culturing medium without serum  

Cells complete medium  
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Day 1 (seed the plates)         

  

1. Trypsinize the cells grown to 70% confluency, count, and seed 10 cm dishes at 

500,000 cells/dish in 10 ml culturing medium. Make a master mix of cells enough 

for 2.5 dishes (see MJA-Standard Protocol 02 Trypsinizing and seeding cells) 

 

2. Mix the cells by pipetting up and down with 10 ml pipette and aliquot 10 ml of 

cell suspension to each dish (see diagram below): 

 

 

 

 

 

 

3. Rock each dish back and forth few times to evenly distribute the cells. Incubate 

the plates at 37 C for overnight.  

 

Day 2 (transfect – everything done in the TC hood with sterile tips/tubes, etc) 

  

Important note: use 10 nM final siRNA concentrations in 600 µl transfection 

mix per dish. Thus, 900 µl of transfection mix will be used for a total of 1.5 

dishes for each siRNA. For 10 nM siRNA concentration per dish, use 30 µl of 

Mission siRNA Transfection reagent; 45 µl of Transfection reagent will be used 

for 1.5 dishes. The cells should be 30% to 50% confluent on the day of 

transfection. 

 

Resuspend the siRNA in 1x siRNA buffer 

 

1. Make 1x siRNA buffer diluting 40 µl of 5x siRNA buffer in 160 µl sterile 

ddH2O. 

 

2. Add 10 µl of 1x siRNA to negative control tube to make 100 µM stock 

concentrations. 

 

3. Add 100 µl of 1x siRNA to gene of interest siRNA tube to make 100 µM stock 

concentrations. 

 

Transfection of siRNAs into the cells 

 

1. Make a transfection mixture of the control and target siRNAs at final 10 nM 

siRNA concentration. For each siRNA, make a mixture enough for 1.5 dishes, 

each dish with 10 ml media, therefore make a total of 15 ml: 
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         C1V1 = C2V2 

100 µm V1 = 15 ml (10 nM) 

             V1 = 1.5 µl of each siRNA 

 

2. Add 1.5 µl of negative control siRNA (10 nM) to 900 µl of serum-free medium 

in 50 ml conical tube and mix gently by flicking the tube. 

 

3. Add 1.5 µl of target siRNA to 900 µl of serum-free medium in 50 ml conical 

tube and mix gently by flicking the tube. 

 

4. Add 45 µl of Mission siRNA transfection reagent to each siRNA mixture. Mix 

by gently flicking the tubes.  

 

5. Incubate at RT for 15 min. 

 

6. Add 14.1 ml of complete medium to each tube, mix, and add 10 ml of each 

mixture to the corresponding dishes (see diagram below) 

 

 

 

 

 

 

 

 

7. Incubate the plates at 37 C for 72 hours.  

 

Day 5 (harvest the cells) 

 

1. Remove the old media, wash with 1x PBS, and aspirate.  

 

2. Add 1 ml cold PBS, scrape the cells, and transfer to clean 1.5 ml eppendorf tube. 

Repeat to ensure removal of the cells.  

 

3. Spin down the cells at 4000rpm for 5 min in the cold room. 

 

4. Remove the supernatant and freeze the cell pellets in the -80 C for overnight or 

until ready for cell lysis.  

 

5. Perform Western blotting analysis as described in MJA-S100B Standard 

Protocol 01 Western blot. Blot for proteins of interest.  

 

 

 

 

10 nM 

72 h 

  

siRNA for 

Target gene 

siRNA for 

Control 



 
 

99 
 

D. MJA-Standard Protocol 04:  RNA extraction using Trizol 

Purpose: extract RNA from human cells  

 

Reagents: 

Trizol  

Chloroform 

Isopropanol 

75% ethanol (in RNase-free water) 

RNAase-free water (sterile water for RNA work) 

 

Protocol: 

 

1. Remove old media from cells, wash with 1x PBS, add 1 ml of Trizol to the cells, 

scrape cells and remove to 1.5 ml eppendorf tubes. Use 1 ml of Trizol for 6/10 cm 

dish and 2 ml Trizol for 15 cm dish.  

 

2. Incubate the homogenized samples at room temperature to allow complete 

dissociation of nucleoprotein complexes.  

 

3. Add 200 µl of chloroform per 1 ml of Trizol reagent.  

 

4. Cap samples, shake vigorously by hand for 15 seconds, and incubate the samples 

at RT for 3 min.  

 

5. Centrifuge the samples at 12,000 g for 15 min in the cold room (4 ºC).  

 

6. Transfer the aqueous upper layer to a clean 1.5 ml eppendorf tube. Make sure not 

to remove the interphase (white) and the bottom layer.  

 

7. Add 500 µl of isopropanol per 1 ml of Trizol, vortex to mix, incubate samples at 

RT for 10 min, and centrifuge at 12,000 g for 10 min in the cold room (4 ºC).  

 

8.  The RNA should precipitate as white pellet at the bottom of tube.  

 

9. Remove supernatant and wash RNA pellet with 75% ethanol by adding 1 ml of 

75% ethanol per 1 ml of Trizol.  

 

10. Mix the samples by vortexing and centrifuge at 7500 g for 5 min in the cold room.  

 

11. Remove supernatant and spin down again at 7500 g for 1 min in the cold room.  
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12. Remove supernatant and air-dry the RNA pellet. 

  

13. Resuspend RNA by adding 50 µl of sterile water.  

 

14. Spec RNA using Nano drop and store in the -80 C to prevent RNA degradation.  

 

A260 :A280 ratio should be 1.8 to 2.0 

A260 :A230 ratio should be greater than 1.7 

 

15. RNA can be used to synthesize cDNA or in other procedures.   

 
 

E. MJA-Standard Protocol 05:  iScript cDNA Synthesis 

Purpose: to make cDNA from RNA to use for SYBR green qRT-PCR 

 

Reagents: 

iScript cDNA synthesis kit  (Bio-Rad, Catalog number 170-8891) 

5x iScript reaction mix  

iScript reverse transcriptase 

Nuclease-free water (for RNA work) 

RNA templates 

PCR tubes 

 

Protocol: 

 

1. Thaw iScript reaction mix on ice, vortex briefly and centrifuge to collect all 

solutions to the bottom of the tube and store on ice.  

 

2. Measure RNA concentration using Nano drop; use 300 ng to 1 µg of RNA to 

make cDNA.  

 

3. Prepare the reaction mix as follow: 

Table 1.  iScript cDNA synthesis 

Component   Volume per 20 µl reaction Final Concentration 

5x iScript reaction mix 4 µl    1 x 

iScript reverse transcriptase 1 µl    ---   

diH2O    x µl    --- 

RNA template   x µl    300 ng to 1 µg  

 

4. Prepare a master mix of the 5x reaction mix and reverse transcriptase if cDNA 

synthesis is required for multiple samples.  
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5. Add 5 µl of the master mix, x µl of 1 µg RNA, and the appropriate volume sterile 

water to bring volume to 20 µl. Scale final volume to 40 µl if > 1 µg of RNA is 

going to be used.  

6. Flick the bottom of the tubes to mix the reactions and briefly centrifuge.  

 

7. Place the PCR tubes in the thermal cycler and run the reaction using the following 

program: 

 

5 minutes at 25 ºC 

30 minutes at 42 ºC 

5 minutes at 85 ºC 

Hold 15 4 ºC (optional) 

 

8. Remove the tubes from the cycler and store the cDNA samples in the 4 ºC fridge 

until ready for qRT-PCR. 

 

F.  MJA-Standard Protocol 06:  iQ SYBR Green Supermix RT-PCR  

Purpose: to measure the relative mRNA levels of target genes by qRT-PCR using       

          SYBR green supermix.  

 

Reagents: 

iQ SYBR Green Supermix (Bio-Rad, Catalog number 170-8882) 

Primers (50 µM or 100 µM stock) 

Sterile water (for RNA work) 

cDNA templates 

 

Protocol: 

 

1. Thaw iQ SYBR green supermix on ice, centrifuge briefly to collect all solutions 

to the bottom of the tube and store on ice.  

 

2. Each primer final concentration is 50 uM. Make 2 uM stock for each primers set. 

For example: to make 2 uM at 50 µl final volume, mix 2 µl of forward primer and 

2 µl reverse primer in 46 µl sterile water. This stock will be used for making the 

reaction master mix in the following table.  

 

3. Prepare reaction set up of each primer enough for all samples by adding the 

required components according to the following table: 
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Table 1. Green SYBR SuperMix for 1 reaction  

Component   Volume per 10 µl reaction Final Concentration      

Green SYBR (2x)  5 µl    1 x 

Primers (2 µM)  1 µl    200 nM 

diH2O   3 µl    ---  

cDNA template  1 µl    --- 

 

4. Make a master mix of all the components except for the cDNA. The master mix 

should be done for the samples in three replicates. Separate master mix should be 

done for each primer set. For example, make a master mix for 2 samples in 3 

replicates for IL-6 and GAPDH primers; make the calculations for 3 samples and 

3.3 replicates to compensate for pipetting errors: 

 

 Green SYBR   5 µl * 3 samples * 3.3 replicates = 49.5 µl 

 Primers (2 µM) 1 µl * 3 samples * 3.3 replicates = 9.9 µl 

 diH2O   3 µl * 3 samples * 3.3 replicates = 29.7 µl 

  

 Component   volume per master mix   

 Green SYBR (2X)  49.5 µl     

 Primers (2 µM)  9.9 µl of either IL-6 or GAPDH primer 

 diH2O    29.7 µl 

 

5. Mix the reactions setup thoroughly by gently flicking the tube and briefly 

centrifuge for 7 sec.  

 

6. Add 1 µl of cDNA template to each well. Add cDNA in 3 replicate for each 

primer set in 90-well PCR plate. 

 

7. Add 9 µl of each master mix to the appropriate wells.  

 

8. Seal top PCR plate with adhesive tape. 

 

9. Program thermal cycling protocol on the real-time PCR instrument (BioRad) as 

follow: 

Poly activation and     Amplification 

DNA denaturation   Denaturation  annealing Cycles 

   

   1 min at 95 ºC    15 sec at 95 ºC  60 sec at 55 ºC   40 

  

10. Run the reactions and analyze.  
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G. MJA-Standard Protocol 07:  RNA extraction RNeasy Plus Mini kit 

Purpose: extract RNA from human cells  

 

Reagents: 

Buffer RLT Plus 

Buffer RPE 

Buffer RWI 

RNAase-free water (sterile water for RNA work) 

B-Mercaptoethanol (B-ME) 

100% Ethanol 

75% ethanol (in DEPC-treated water) 

 

Important notes:  

 

1. Add B-ME to Buffer RLT Plus before adding to the cells. Add 10 µl of B-ME 

per 1 ml of Buffer RLT Plus. Add the B-ME in a fume hood. After the addition 

of B-ME Buffer RLT Plus is stable for 1 month at room temperature. Add B-ME 

for only the volume of RLT needed each time. Do not add B-ME to the whole 

bottle.  

2. Add 100% Ethanol to the Buffer RPE as indicated on the bottle.  

3. Perform all step at room temperature.  

4. Perform all centrifugation at room temperature.  

 

Protocol: 

 

16. Trypsinized the cells as usual; remove old media, wash with 1x PBS, remove and 

discard. 

 

17. Add 2 ml of trypsin to 15 cm dish or 1 ml of trypsin to 10 cm dish, incubate for 

few min, add complete medium and transfer to 50 ml conical tube; determine cells 

count. 

 

18. Spin down the cells, and remove the media. The cells can be frozen at -80 C for 

later or can used immediately to extract RNA.  

 

19. Disrupt the cells by adding Buffer RLT Plus. Add the appropriate volume of 

Buffer RLT Plus as indicated below. Ensure B-ME is added to Buffer RLT Plus 

before adding to the cells. Vortex to mix the cells.  
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Number of pelleted cells   Volume of Buffer RLT Plus/B-ME  

< 5 x 10
6 
      350 µl  

5 x 10
6 

– 1 x 10
7  

    600 µl  

 

20. Homogenize the lysate for 30 sec using the TissueRupto at speed 35.  

 

21. Transfer the homogenized lysate to a gDNA Eliminator spin column placed in a 2 

ml collection tube. Centrifuge for 30 sec at 10,000 rpm. Discard the column and 

keep the flow-through. (Make sure no liquid remains in the column, repeat 

centrifugation if more liquid is still in the column).  

 

22. Add 1 volume of 75% Ethanol (diluted with RNase-free water) to the flow-

through and mix well by pipetting up and down. Do not centrifuge.  

 

23. Transfer up to 700 µl of the sample to an RNeasy spin column placed in a 2 ml 

collection tube. Close the lid and centrifuge for 15 sec at 10,000 rpm. Discard the 

flow through.  

 

24. Add 700 µl of Buffer RWI to the RNeasy spin column. Close the lid gently, and 

centrifuge for 15 sec at 10,000 rpm to wash the column membrane, Discard the 

flow-through.  

 

25. Add 500 µl of Buffer RPE to the RNeasy spin column. Close the lid and 

centrifuge for 15 sec at 10,000 rpm to wash the column membrane. Ensure the 

Ethanol is added to buffer RPE before use.  

 

26. Add 500 µl of buffer RPE to the RNeasy spin column. Close the lid and 

centrifuge for 2 min at 10,000 rpm to wash the column membrane.  

 

27. Place the spin column in a new 2 ml collection tube, centrifuge for 1 min at 

10,000 rpm to ensure removal of ethanol.  

 

28. Place the RNeasy spin column in a new 1.5 ml collection tube. Add 50 µl 

RNeasy-free water directly to the spin column membrane. Close the lid and 

centrifuge for 1 min at 10,000 rpm to elute the RNA. 

 

29. Spec the RNA concentration using the Nano-drop.  

A260 :A280 ratio should be 1.8 to 2.0 

A260 :A230 ratio should be greater than 1.7 
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H. MJA-Standard Protocol 08:  iTaq Universal SYBR Green One-Step kit  

Purpose: to measure relative mRNA levels of target genes by qRT-PCR using SYBR    

          Green  

 

Reagents: 

iTaq Universal SYBR Green One-Step kit (Bio-Rad, Catalog No. 172-5150) 

Primers (50 µM stock) 

Sterile water (for RNA work) 

RNA (50 ng/µl) 

 

Protocol: 

 

1. Thaw iTaq universal SYBR green reaction mix and iScript reverse transcriptase 

on ice. 

 

2. Centrifuge briefly to collect all solutions to the bottom of the tube and store on 

ice.  

 

3. Dilute each primer to 10 µM from the stock (which is 50 µM) for a total volume 

of 500 µl. The diluted primers can be mixed together to make a stock of both 

forward/reverse primers mix.   

 

4. Dilute the RNA samples to 50 ng/µl from the actual RNA concentration. Do not 

dilute the entire RNA sample.  

 

5. Prepare reactions set up enough for all samples by adding the required 

components according to the following tables: 

 

Table 1. SYBR Green Reaction Setup: 

Component   Volume per 10 µl reaction Final Concentration 

iTaq SYBR Green mix (2x)  4.9 µl    1x 

Primers mix (F and R)   1 µl    1 µM  

RNase-free H2O   2 µl    ---  

iScript reverse transcriptase  0.125 µl   1x 

 

6. Make a master mix of all the components except for the RNA. The master mix 

should be done for the samples in three replicates. Separate master mix should be 

done for each gene.  

 

For example: to prepare a master mix for 4 samples in 3 replicates to check  IL-6 

and GAPDH mRNAs; make the calculations for 5 samples and 3.3 replicates to 

compensate for pipetting errors: 
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SYBR Green mix    4.9 µl × 5 samples × 3.3 replicates = 80.9 µl 

Primers mix (10 µM)  1 µl × 5 samples × 3.3 replicates = 16.5 µl 

RNase-free H2O  2 µl × 5 samples × 3.3 replicates =33  

iScript RT              0.125 µl × 5 samples × 3.3 replicates = 2.1 µl 

 

Component   volume per master mix   

Green SYBR (2X)  80.9 µl       

Primers (10 µM)  16.5 µl of either IL6 or GAPDH primers  

RNase-free H2O  33 µl 

iScript reverse transcriptase 2.1 µl 

 

7. There should be two reaction master mixes at this point; one master mix contains 

the IL6 primers and the other contains the GAPDH primers.  

 

8. Mix the reactions setup thoroughly by gently flicking the tubes and centrifuge 

briefly for 7 sec.  

 

9. Add 2 µl of 50 ng/µl RNA to the sample wells in 96-well plate; a total of 100 ng 

RNA per well.  

 

10. Add 8 µl of the master mix to the wells.  

 

11.  Tap plates on the bench top few times to get all reagents to bottom of the wells.  

 

12. Seal top PCR plate with sealing tape. 

 

13. Program thermal cycling protocol on the real-time PCR instrument (CFX 

Connect) as follow: 

 

    Reverse  

Transcriptase Polymerase activation          Amplification 

    Reaction  and DNA denaturation     Denaturation    **Annealing Cycles 

   

 10 min at 50ºC 1 min at 95 ºC         10 sec at 95 ºC  60 sec at 52 ºC   39 

 

 ** The annealing temperature should be about 5 ºC below the Tm of the 

 primers.  

 

14. Run the reactions and analyze.  
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Appendix II. Experimental Protocols: 

A. MJA-S100B Exp01: STAT3 inhibition in the WM115 clonal cell line (measure 

mRNA level of STAT3 targets) 

 

Purpose: treat the non-targeting scrambled WM115 and stable S100B WM115 cell  

          lines with STAT3 inhibitor to evaluate the effect of the STAT3 inhibition on 

          the mRNA levels of SOCS3, JUN, CEBPD, FOXO, Myc. Since p-STAT3 is 

          elevated in the stable S100B knockdown WM115 cells; I hypothesize that p-   

          STAT3 is inducing the expression of these genes.  

 

Reagents: 
Sterile DMSO 

STAT3 inhibitor (S31-201, Catalog # 573102-10MG) 

WM115 clonal cell lines 

WM115 culturing media 

 

Day 1 (seed the plates)         

  

1. Thaw and seed non-targeting scrambled WM115 and stable S100B KD WM115 

cells in 10 cm dishes.  

 

2. Incubate the dishes at 37 C for 2 days (or until cells are 70% confluent) 

 

Day 3 (split the cells into 60 mm dishes) 

 

1. Trypsinize the cells and seed cells in 60 mm dishes at 700,000 cells/dish in 5 ml 

1x MEM,10% FBS, 1% P/S, 0.5µg/µl Puromycin (see MJA-Standard protocol 

02). Seed 5 dishes for non-targeting scrambled WM115 and 5 dishes for stable 

S100B KD WM115.  

 

2. Make master mix for each cell line; mix each of the mixtures by pipetting up and 

down with 10 ml pipette and aliquot 5 ml to each dish. 

 

3. Rock each dish back and forth for few times to evenly distribute the cells. 

Incubate the plates at 37ᵒC for overnight.  

Day 4 (treat cells with STAT3 inhibitor)  

  

STAT3 inhibitor treatment (100 µM): 

 

1. Treat cells with 100 µM of STAT3 inhibitor. Stock STAT3 inhibitor is 10 mM.  

 

2. Make a mixture for 4.5 dishes, each dish with 5 ml, therefore make a total of 22.5 

ml 
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       C1V1 = C2V2 

10mM V1 = 100 µM (22.5 ml) 

   V1 = 225 µl of S31-201 

 

3. Add 225 µl of 10 mM S31-201 to 22.5 ml of fresh media.  

 

4. Remove old media and add 5 ml of the above mixture to each well to be treated 

with the S31- 

 

DMSO treatments: 

 

1. Treat cells with DMSO in the same final concentration as the S31-201.  

 

2. Make a mixture for 4.5 dishes, each dish with 5 ml; therefore make a total of 22.5 

ml.  

3. Add either 225 µl of DMSO to 22.5 ml of fresh media.  

 

4. Remove the old media and add 5 ml of the above mixture to each dish to be 

treated with DMSO (see diagram below). Incubate the plates at 37ºC for 24 hours.  

Day 5 (Harvest cells 24h)         

  

1. Remove the media, wash with cold PBS and discard. 

 

2. Add 1 ml of trizol, scrape cells, and remove to 1.5ml tube. 

 

3. Freeze samples in -80 until ready for RNA extraction.  

Day 6 (Harvest cells 48h)   

 

1. Harvest cells as descried above.  

 

2. Perform RNA extraction as described in the MJA-Standard Protocol 06 RNA 

extraction or freeze samples in -80 until ready for extraction.  

 

4. Perform cDNA synthesis and RT-PCR as descried in MJA-Standard Protocol 

07 cDNA synthesis and MJA-Standard Protocol 08 SYBR green RT-PCR.   

 

 

B. MJA-S100B Exp02: RSK inhibitor II (10uM) treatment in WM115 cell lines for 

IL6 mRNA.  

Purpose: treat the WM115 Scr and WM115 S100B Kd cells with RSK inhibitor II to    

          evaluate the effect of the RSK inhibition on the mRNA level of IL-6. This    

          experiment will suggest whether the S100B affects IL-6 via RSK pathway. I 

          will treat with 10 uM RSK inhibitor and harvest cells at 0, 2, 4, 8 hours.  
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Reagents: 

WM115 complete culturing medium 

RSK Inhibitor II Stock concentration 10 mM (Cat. No 559286) 

Trizol 

 

Day 1 (seed the plates)         

  

1. Trypsinize and count the cells as normal (see MJA-Standard protocol 02: 

Trypsinizing WM115 Cells).  

 

2. Seed 60 mm dishes at 700,000 cells/dish in 5 ml 1x MEM,10% FBS, 1% P/S, 

0.5µg/µl Puromycin. Seed 4 dishes for WM115 SCR and 4 dishes for WM115 

S100B KD. 

3. Mix each of the cells mixtures by pipetting up and down with 10 ml pipette and 

aliquot 5 ml to each dish (See Diagram below) 

 

4. Rock each dish back and forth for few times to evenly distribute the cells. 

Incubate the plates at 37ᵒC for overnight to allow cells attachment.   

Day 2 (treat cells with 10 µM RSK II inhibitor)  

  

RSK II treatment: 

 

5. Treat cells with 10 µM of RSK II. Stock RSK II is 10 mM.  

 

6. Make a mixture for 9 ml, each well with 5 ml, therefore make a total of 45 ml 

        C1V1 = C2V2 

10 mM V1 = 10 µM (45 ml) 

    V1 = 45 µl of RSK II 

 

7. Add 45 µl of 10 mM RSK II to 45 ml of fresh media.  

 

8. Prior to the addition of RSK inhibitor II, remove 500 µl of the media from each 

dish to labeled 1.5 ml eppendorf tubes to test for the secreted IL6 prior to the 

addition of RSK inhibitor II.  

 

9. Remove remaining media and add 5 ml of the RSK inhibitor II mixture to each 

well of stable S100B KD WM115 cell to be treated with the RSK II. Repeat for 

the WM115 Scr cells. 

 

10. Incubate the plates and harvest cells at 0, 2, 4, 8 hours as follow: 
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a. Remove 500 µl of the media for each time-point to labeled 1.5 ml 

eppendorf tubes to test for secreted IL6 using ELISA. 

b. Remove remaining of the media; wash with PBS and discard. 

c. Add 1 ml of trizol, scrape cells, and remove to clean and labeled 1.5 ml 

tubes. 

d. Prepare RNA extraction 

e. Make cDNA from the RNA samples. 

 

11. For the 0-time point, add RSK II-containing media and remove immediately. 

Subsequently, harvest the cells with 1 ml of Trizol as described above.   

 

12. Prepare qRT-PCR reactions as described in standard protocols to check IL6 

mRNA.  

   

C. MJA-S100B Exp03: Treating WM115 Scr with S100B KD conditioned media 

with IL6 inhibitory Ab 

Purpose: Treat WM115 scrambled cells with S100B KD conditioned media to     

          determine whether the S100B KD media could reverse P-STAT3 levels in    

          the WM115 Scrambled cells. Also, include IL6 inhibitory Ab. 

 

Reagents: 

WM115 scrambled cells 

WM115 S100B KD cells 

WM115 culturing media  

Human IL6 inhibitory antibody (R$D systems; Catalog No. MAB2061-SP) 

Normal Mouse IgG (Santa Cruz; Catalog No. sc-2025) 

 

Day 1 (seed the plates)         

  

1. Trypsinize WM115 scrambled cells grown to 70% confluency, count, and seed 60 

mm dishes at 700,000 cells/dish in 5 ml culturing medium. Make a master mix of 

cells enough for 8.5 dishes (see MJA-Standard Protocol04 Trypsinizing and 

seeding cells). Leave the WM115 S100B KD cells in 15 cm dish.  

 

2. Mix the cells by pipetting up and down with 10 ml pipette and aliquot 5 ml of cell 

suspension to each dish. 

 

3. Rock each dish back and forth few times to evenly distribute the cells. Incubate 

the plates at 37 C for overnight.  

 

Day 2 (Treat WM115 scrambled cells with S100B KD media) 

  

IL6 inhibitory antibody 
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1. Collect the media from the 15 cm dish of the WM115 S100B KD cells, which was 

growing for 4 days.  

 

2. Spin down the cells at 1000 rpm for 5 min to pull down debris and cells.  

3. Transfer the media to new 50 ml conical tube.  

 

4. Add IL6 inhibitory antibody at 0.15 µg/ml final concentration  

 

     C1V1 = C2V2 

0.5 µg /µl (V1) = 0.15µg/ml (22.5 ml) 

        V1 = 6.8 µl of 0.5 µg/µl IL6 inhibitory antibody 

 

5. Add 6.8 µl of IL6 inhibitory antibody to 22.5 ml of S100B KD media and mix by 

pipetting 

6. Remove old media from the dishes and add 5 ml of the mixture to each 60 mm 

dish to be treated with IL6 inhibitory Ab.  

 

7. Incubate the dishes at 37 C and harvest at 0, 2, 4, and 8h. To harvest cells: 

a. Remove media, wash the cells with cold PBS and discard, and add 500 

µl of cold PBS.  

b. Scrape cells and remove to clean 1.5 eppendorf tubes. Repeat again to 

ensure removal of the cells.  

c. Spin down the cells at 4000rpm for 5 min the cold room. 

d. Remove supernatant and freeze cells pellets in -80 C until ready for cell 

lysis.  

 

8. For the 0h, add the media and remove immediately.  

 

Normal mouse IgG (Control) 

 

1. Add normal mouse IgG at 0.15 µg/µl to the S100B KD media as described above.  

  

  C1V1 = C2V2 

0.4 µg /µl (V1) = 0.15µg/ml (22.5 ml) 

                   V1 = 8.4 µl of 0.4 µg/µl normal mouse IgG 

 

2. Add 8.4 µl of normal mouse IgG to 22.5 ml of S100B KD media and mix by 

pipetting. 

 

3. Treat the other set of WM115 Scrambled cells with this mixture and harvest as 

described above.  
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D. MJA-S100B Exp04: cDNA Synthesis Using the RT
2
 First Strand Kit. Format D 

Purpose: make cDNA from the RNA extract of the WM115-Scrambled and WM115-         

          S100B KD cells lines. The cDNA will be used to perform the RT
2
 PCR    

          Arrays.   

 

Reagents  
RT

2 
First Strand Kit (Qiagen, Cat. No. 33401) 

WM115 Scrambled RNA sample 

WM115 S100B KD RNA sample  

RNase-free water 

 

RNA extraction 

 

1. Check the cells to ensure the cells are confluent at 80%.  

 

2. Remove old media, wash the cells with PBS and remove.  

3. Add 1 ml PBS to scrape cells for western blotting to check S100B. Spin down 

cells for 5 min at 4000 rpm. Remove supernatant and store cell pellets in -80 C 

until ready for cell lysis.  

 

4. Add 2 ml Trypsin to the remaining of the cells and incubate the cells for few min. 

Add complete medium and remove the cells to 50 ml conical tube. Do cell count. 

 

Sample   Cell number 

WM115 Scr   275 x 10
4 

cells 

WM115 S100B KD  655 x 10
4 

cells  

 

5. Spin the tubes at 1000rpm for 5 min, remove the media, freeze the cell pellets 

until ready for RNA extraction or perform RNA extraction immediately.  

 

6. Perform RNA extraction using RNeasy Plus Mini Kit and MJA-Standard Protocol 

10: RNA extraction using RNeasy Plus Mini Kit.  

 

Sample   RNA concentration 

  WM115 Scr   968.9 ng/µl 

  WM115 S100B KD   670.4 ng/µl 

 

 Make 1:1 dilutions of the RNA stock to be able to use 0.5µg in higher volumes 

 

Important Points: 

 The manufacture protocol recommended to start with 0.5µg total RNA for the 96-

well plate formats. Thus, 0.5µg of RNA will be used to make cDNA 

 Do not use DEPC-treated water. Use nuclease-free water. 
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cDNA synthesis procedure: 

1. Thaw the reagents of the RT
2
 First Strand Kit and centrifuge for 10-15 sec. 

 

2. Prepare genomic DNA elimination mix for each of the RNA samples: 

 

Component   WM115 Scr  WM115 S100B KD 

RNA    1 µl   1.6 µl 

Buffer GE   2 µl   2 µl 

RNase-free water  7 µl   6.4 µl 

Total Volume   10µl   10µl 

 

3. Mix the reactions by gently pipetting up and down 

 

4. Incubate the genomic DNA elimination mix for 5 min at 42ºC, then place 

immediately on ice for at least 1 min. 

 

5. Prepare the reverse-transcription mix: 

 

Component     Volume for 3 reactions 

5x buffer BC3    12 µl 

Control P2     3 µl 

RE3 Reverse Transcriptase Mix  6 µl 

RNase-free water    9 µl 

Total Volume    30 µl 

 

6. Add 10µl reverse-transcription mix to each tube containing 10µl genomic DNA 

elimination mix. 

 

7. Mix gently by pipetting up and down 

 

8. Incubate at 42ºC for exactly 15 min. 

 

9. Immediately stop the reaction by incubating at 95ºC for 5 min. 

 

10. Add 91µl RNase-free water to each reaction. 

 

11. Mix by pipetting up and down several times, place on ice, and proceed with real-

time PCR as described in the Qiagen manufacture protocol and as described 

below.  
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E. MJA-S100B Exp05: Real-time PCR for RT2 PCR Array Format D 

Purpose: real-time PCR using RT
2 

PCR Profiler PCR Arrays (Human Cancer       

          Inflammation and Immunity Crosstalk) in combination with RT
2 

SYBR   

          Green Mastermix. 

 

Reagents  

RT
2 
SYBR Green qPCR Mastermix (Cat. No. 330500) 

First Strand reaction for WM115 Scr and S100B KD samples 

RNase-free water  

RT
2 
PCR Profiler PCR Arrays (Cat. no. 330231 PAHS-181ZD, format D) 

 

Important notes 

1. Ensure the RT
2 

SYBR Green Mastermix and RT
2 
PCR Profiler PCR Arrays are 

suitable for the real-time cycler. The format of the RT
2 
PCR Profiler PCR Arrays 

is indicated by the last letter of the catalog number. In this case, it is format D. 

  

2. Do not use DEPC-treated water. Use high quality, nuclease-free water. 

3. If precipitates are present in the Mastermix tubes, warm the reagents at 42 C for 1 

min and vortex briefly to bring dissolve.  

Protocol 

 

1. Briefly centrifuge the RT
2 

SYBR Green Mastermix for 7 sec to bring all contents 

to the bottom of tube.  

 

2. Prepare the PCR components mix in a 5 ml tube according to the following table: 

Components    96-well plate Format D 

2x RT
2
 SYBR Green Mastermix  1350 µl 

cDNA synthesis reaction   102 µl 

RNase-free water    1248 µl 

Total Volume     2700 µl 

 

3. Mix the components by gently flicking the tube, briefly spin down to bring all 

components to the bottom of the tube. Save the 9 µl of the cDNA synthesis 

reaction at -20, as it may be needed to perform quality control analysis. 

 

4. Carefully remove the RT
2
PCR Array from it sealed bag.  

 

5. Add 25 µl PCR components mix to each well of the RT
2 

Profiler PCR Array. 

 

6. Carefully tightly seal the RT
2
PCR Array with cap strips.  

 

7. Centrifuge for 1 min at 1000 g at room temperature to remove bubbles.  
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8. Place PCR Array on ice while setting up the PCR cycling program. 

 

9. Place the PCR Array in the real-time cycler. Start the run.  

 

10. Export the Ct value of all wells to a blank excel spreadsheet for use with the 

SABiosciences PCR Array Web-based software at 

www.SABiosciences.com/pcrarraydataanalysis.php.  

 

 

F. MJA-S100B Exp06: Subcellular fractionation of the WM115 clonal cell lines  

Purpose: to fractionate the nuclear and cytoplasm fractions from the WM115       

          scrambled and   stable S100B KD cells and subsequently check P-CREB,    

          total CREB, S100B, SP1 (nuclear marker), MEK (cytoplasmic marker),    

          RSK, and P-RSK.  

 

Reagents: 
WM115 Scrambled cells 

WM115 stable S100B KD cells 

MEM,10% FBS, 1% P/S 

Puromycin 1ug/ul  

NucBuster Protein Extraction kit (Millipore, Catalog No. 71183-3) 

 

Day 1 (thaw and seed cells) 

 

1. Thaw and seed WM115 scrambled and S100B KD cells in 15 cm dishes using 

MEM, 10% FBS, 1% P/S. Add Puromycin at 0.5ug/ml final concentration.  

 

2. Incubate the cells at 37 C for overnight or until cells are ready (~80% confluent). 

 

Day 2 (Trypsinize the cells and proteins extraction) 

 

1. Trypsinize the cells as described in MJA-Standard protocol 04: Trypsinizing cells. 

  

2. Collect the cells in 15 ml conical tubes. 

 

3. Remove the cells to 1.5 ml eppendorf tubes, spin once again to remove residual 

media at 500 x g for 5 min in the cold room.  

 

4. Remove the remaining media and leave the cells on ice. Packed cell volume is ~ 

25 µl. Thus, the following reagents will be used per 25 µl packed cell volume. 

http://www.sabiosciences.com/pcrarraydataanalysis.php
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5. Add 75 µl of NucBuster Extraction Reagent 1 to each tube. 

 

6. Vortex for 15 sec at high speed, incubate on ice for 5 min, and vortex again for 15 

sec at high speed.  

 

7. Spin down at 16,000 x g for 5 min in the cold room.  

 

8. Remove the supernatant (Cytoplasmic fraction) to labeled clean 1.5 ml eppendorf 

tubes. 

 

9. Resuspend the pellet in 0.5 µl 100X Protease Inhibitor, 0.5 µl 100 mM DTT, and 

37.5 µl NucBuster Extraction Reagent 2 per 25 µl packed cell volume. For this 

step, make a master mix enough for 3 samples of 112.5 µl NucBuster Extraction 

Reagent 2, 1.5 µl 100X Protease Inhibitor Cocktail, and 1.5 µl 100 mM DTT.  

 

10. Mix the master mix and spin down for 7 sec to bring all reagents to the bottom of 

tube.  

11. Resuspend the pellets in 37.5 µl of the NucBuster Extraction reagent 2 master 

mix. 

 

12. Vortex for 15 sec at high speed, incubate on ice for 5 min, and vortex again for 15 

sec at high speed.  

 

13. Spin down at 16,000 x g for 5 min in the cold room.  

 

14. Transfer the supernatant (nuclear extract) to a separate labeled 1.5 ml eppendorf 

tubes.  

 

15. Assay the proteins concentrations and perform western blotting to detect P-

CREB, total CREB, S100B, Sp1, MEK, and RSK.  
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Appendix III. Mammalian Cell lines: 
 

 Cell line   Media  FBS Pen/Streptomycin Selectable marker 

WM115   MEM  10%  1%  0.5 µg/mL Puromycin 

 WM793  MEM  10%  1%    

 WM1158  MEM  10%  1%  2 µg/mL Puromycin 

SK-MEL-28  DEME  10%  1%      
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