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ABSTRACT

Toll-like receptors (TLRs) are innate immune receptors that recognize pathogen

associated molecular patterns like lipopolysaccharide and peptidoglycan. TLR2 plays an

important and possibly critical role in interacting with the most prominent portion of the

microbial load encountered by humans and many animal species on a continual basis: i.e.,

gram-positive bacteria and fungi. TLR2 has been reported to be one of the candidate

genes to influence protection from asthma and allergies through complex gene

environment interactions.

TLR2 expression on monocytes from adult humans can be modulated dose dependently

by interaction with the TLR2 synthetic ligand Pam3Cys. Stimulation with concanavalin-A

and phorbol 12-myristate 13-acetate resulted in a significant decrease of surface TLR2 in

30 minutes and altered expression continued for at least 24 hours, suggesting that

shedding and/or internalization could be potential mechanisms for immediate TLR2

down-regulation and the prolonged effect suggested alterations in transcription or

translation. Mitogen stimulated purified monocytes showed that TLR2 expression can be

influenced by lymphocyte dependent and independent pathways.

TLR2 protein expression was found to be significantly lower in T homozygous

individuals as compared to heterozygous individuals with respect to a SNP in TLR2

intron, further implicating active regulatory mechanisms. Our studies also showed that

monocytes obtained from umbilical cord express significantly lower TLR2 than adult

monocytes. Thus, it appeared that both genetic factors and environmental factors

modulate the TLR2 expression.
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A report that TLR2 mRNA existed in several alternatively spliced forms involving the

5’untranslated region (5’UTR) region suggested to us that this might be one possible

mechanism for regulating receptor expression. By cloning and sequencing the TLR2

mRNA from monocytes, Hela cells, Monomac-6 and adult mononuclear cells we

identified 5 new variants in addition to the previously identified variants and showed that

TLR2 gene is composed of 4 non-coding exons and one coding exon. The 5’-UTR of

variant A (exon1+exon2+coding exon) and variant E (exon1+coding exon), were cloned

and placed into a luciferase-gene-containing expression vector. The relative luciferase

activity of construct with variant E 5’UTR was significantly higher than variant A 5’UTR

construct. These results thus demonstrate that alternative splicing may be a mechanism to

modulate protein expression.
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SECTION 1- FACTORS INFLUENCING TLR2 PROTEIN MODULATION IN CORD

AND ADULT MONONUCLEAR CELLS

CHAPTER 1

INTRODUCTION

Toll-like receptors

The human immune system is divided into two branches: the innate and the adaptive

immune system. The innate immune system is the first to respond and trigger host

defense responses followed by activation of adaptive immunity which is thought to

generate tailored immune responses and generate memory cells that can prevent re-

infection with the same organism. Both innate and adaptive immune systems use

receptors for recognition of the invading micro-organisms. A family of receptors that

recognize features common to many pathogens and participate in generating innate

immune response have been recently identified.

Toll receptor was first discovered in Drosophila melanogaster and was known for its role

in embryogenesis1. Lemaitre et al2 showed that toll mutant flies were highly susceptible

to fungal infections. This implied that toll receptors played a role in the host defense. In

1998 the human homologue of toll receptors called toll-like receptors (TLRs) were

discovered3. Over the past few years new TLRs have been discovered. So far 13 TLRs

have been identified4,48.
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TLRs are type I receptor (single-pass transmembrane protein) molecules that contain 18

to 20 leucine rich repeats (LRR) and LRR-like motifs. The region/s of the extracellular

domain participating in the receptor–ligand interaction have not been clearly defined

although one report showed that the TLR2 LRR was involved in the ligand-receptor

interaction5.

TLRs and their ligands

TLRs are known as pattern recognition receptors (PRRs) as they bind to signature

molecules associated with a variety of pathogens and host proteins. These signature

molecules are known as pathogen associated molecular patterns or PAMPs. TLRs are

expressed on/in cells and tissues and recognize a wide variety of ligands6. The sources of

these ligands have been identified to be pathogens as well as host proteins (usually stress

signals like heat shock proteins). The different PAMPs recognized by TLRs are

summarized in Table 1.
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Table 1: TLRs and their ligands4.

TLR2

TLR2 is one of the most extensively researched among the TLR group. As indicated in

the table, TLR2 ligands are associated with a variety of sources that belong to a broad

group of species such as Gram-positive bacteria, mycobacteria, heat shock protein and

mycoplasma4,7,8,9. The diversity of the ligands recognized by TLR2 may be attributed to

complex formation with other pattern recognition molecules such as MD2, CD14, TLR1

and TLR 610.



21

TLR2 forms heterodimers with TLR1 and TLR6 and this enables the cell to discriminate

the agonists at a molecular level. For example, TLR1 and TLR2 can heterodimerize to

recognize triacylated cysteines11 whereas TLR6 and TLR2 can recognize diacylated

cysteine12. Diacylated cysteines are associated with mycoplasmas whereas tricacylated

cysteines are associated with mycobacteria. This sophisticated system of molecular

discrimination allows the cell to differentiate the source of the ligand.

TLR signaling pathways

When activated, TLRs recruit adapter molecules within the cytoplasm of cells in order to

propagate a signal (Figure 1). Four adapter molecules are known to be involved in TLR

signaling. These proteins are known as MyD88, TIRAP (also called Mal), TRIF, and

TRAM. The adapters activate other molecules within the cell, including certain protein

kinases (IRAK1, IRAK4 and TBK1) that amplify the signal, and ultimately lead to the

induction or suppression of genes that orchestrate the inflammatory response.

TLRs have two major domains, the leucine-rich repeats (LRR) in the extracellular region

of the receptor and toll-interleukin 1 (TIR) domain in the cytoplasmic region of the

receptor13. The TIR domain of TLRs is involved in the interactions with adaptor protein

to initiate the signaling pathway after receptor and ligand interaction13. MyD88 knock out

mice studies show that all TLRs signal via MyD88 pathway following the receptor-ligand

interaction13,14. MyD88 is an adaptor protein that also contains TIR domain on the C-

terminal and death domain on the N-terminal. After association with TIR domain of TLR,
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MyD88 interacts with IL-1R-associated kinase 4 (IRAK 4) through the death domain.

IRAK4 phosphorylates IRAK1 and the phosphorylated kinase dissociates from the

receptor-protein complex and associates with TRAF6. Activated TRAF6 in turn activates

two divergent pathways that lead to the activation of transcription factors NF-κB and AP-

1. TRAF6 mediates activation of MAP kinases which culminates in the activation of AP-

1. TRAF6 also recruits TAK1/TAB complex which enhances the activity of IκB kinase

(Iκκ complex). The IκB kinase phosphorylates IκB and the phosphorylated IκB gets

degraded thus resulting in nuclear translocation of NFκB which then induces

transcription of inflammatory cytokines.

A database search for TIR-domain-containing proteins identified TIR-domain-containing

adapter protein (TIRAP). TIRAP knock out mice showed impaired cytokine production

in response to TLR2 and TLR4 ligands. Responses to ligands for other TLRs were not

influenced by knocking out TIRAP. Thus, TIRAP has been identified to participate in

MyD88-dependent signaling pathway of TLR2 and TLR4.

Some studies showed that the downstream signaling events also trigger MyD88

independent pathways such as IRF (interferon regulatory factor) pathway15. Thus, the

receptor-ligand interaction leads to downstream signaling via MyD88- dependent and

independent pathways which results in activation of transcription factors such as AP-1,

IRF and NFκB16. The transcription factors initiate transcription of various genes like



23

inflammatory cytokines and co-stimulatory molecules (CD80 and CD86) which lead to

enhanced antigen presentation17,18,19.
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Figure 1: TLR mediated signaling. MyD88-dependent signaling pathway: TIR domain-

containing adaptor molecules, MyD88 and TIRAP, associate with the cytoplasmic TIR

domain of TLRs, and recruit IRAK to the receptor (TLR2 and TLR4) upon ligand binding.

IRAK then activates TRAF6, leading to activation of transcription factors (AP-1 and

NFκB) that induce expression of inflammatory cytokines. MyD88-independent signaling

pathway: In TLR4-mediated signaling pathways, activation of IRF-3 and induction of

IFN-γ are observed in a MyD88-independent manner. A TIR domain-containing adaptor,

TRAM, is specific to the TLR4-mediated MyD88-independent (TRIF-dependent) pathway.

TRIF and TBK1, mediate activation of IRF-3 downstream of TRIF.
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TLR2 as an interface for gene environment interaction

David Strachan proposed the hygiene hypothesis in 198940 to explain his observation that

hay fever was less common in children who grew up in large families. According to this

study40, children who grow up with older siblings were less likely to get hay fever. The

validity of hygiene hypothesis is debated due to lack of clear mechanistic evidence in

support of this hypothesis. There has been a steep rise in the prevalence of asthma and

allergies in the Western society in the last decade which cannot be attributed to genetic

factors alone40. The urban lifestyle promotes higher personal hygiene and smaller

families as compared to the rural counterpart and these differences in lifestyle were

thought to result in differences in environmental exposures to the children affecting their

susceptibility to allergies. Thus deprivation of exposures relating to the farm environment

was thought to play a significant role in development of Th2 (Th2 response is

characterized by the release of IL-4, which results in the activation of B-cells and

production of antibodies) diseases such as allergies and asthma. But there has also been a

rise in the Th1 (Th1 response is characterized by the production of cytokines, namely

interferon-gamma, which activates the bactericidal activities of macrophages and

activation of cell-mediated immunity) diseases in Westernized societies47. To explain this

contradiction it was thought that the kind of exposures (disease, normal flora, allergens)

that the newborn receives in the first few years of life may influence the asthma and

allergy susceptibility of the individual.
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The environmental exposures that may be playing a critical role on asthma and allergy

development could be the microbial loads found in the farming environment and

recognized by TLRs. TLRs participate in the initial host-pathogen interactions that lead

to activation of the host immune system. Receptor expression is likely to be a key factor

in both initiating and resolving (innate-immune-driven) inflammation. In addition these

interactions enhance the host recognition of pathogens by increased expression of MHC

and co-stimulatory molecules. The events that follow TLR2 activation eventually activate

the adaptive immune responses thus bringing together the innate and adaptive arms of the

immune system to ward off the infection. TLR2 was implicated as a candidate gene for

mediating recognition of farm related exposures that result in a protective effect from

development from asthma and allergies20. TLR2 knock out mice showed an increased

Th2 response and development of experimental asthma, although results with animal

models need to be interpreted with caution as the disease etiology of mouse asthma-like

symptoms are not comparable to humans. In addition, other factors such as genetic

background of the animal model and kind of exposures administered can complicate the

findings.

The first few years of life are considered to have the greatest impact on development of

immune responses41. The expression and regulation of TLRs in cord and adult cells is

poorly understood. Because of the critical role of TLRs in regulating inflammation and

the identification of TLR2 as one of the genes that may be playing a role in protecting

asthma and allergy development in farmer’s children, this study is focused on the
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expression and regulation of TLR2 and its interactions with different stimulations20. We

investigated the regulation of TLR2 protein surface expression in adults and neonates and

the impact of various stimulations on the receptor expression.

Summary and statement of problem

In summary, structure/function studies and association studies have suggested that TLRs

form an interface for gene-environment interactions affecting immune development.

TLR2 has been identified as one of the candidate genes for influencing susceptibility to

asthma and allergies. We hypothesize that environmental exposures (TLR2 dependent

and independent ligands) may influence the expression of TLR2 protein levels and that

TLR2 receptor density may play an important role in influencing immune responses (e.g.

cytokine production). Such interactions in turn could affect disease susceptibility. Since

the kind of exposures encountered in the early years of life are thought to play an

important role in influencing disease susceptibility, we investigated the TLR2 expression

in adults and neonates after stimulation with TLR2 dependent and independent ligands.

We also proposed to investigate the role of an intronic SNP (-16935 A/T) on TLR2

expression in adult monocytes as this polymorphism was identified to be a candidate

gene variant for asthma and allergy development. Since farmer’s children who inherited

at least one T allele were associated with less asthma and atopy and TLR2 may be

recognizing the environmental exposures that trigger events that lend protection from
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asthma and allergies, we hypothesized that individuals with a T allele may have different

levels of TLR2 surface density than A homozygous individuals.

Section 1 study objectives

Objective 1:

Determine the inter-individual and intra-individual differences in the surface expression

of TLR2 on monocytes of PBMCs (peripheral blood mononuclear cells).

Objective 2:

Determine the effect of TLR2 dependent stimulation on TLR2 surface expression in

monocytes of PBMCs and CBMCs (cord blood mononuclear cells).

Objective 3:

Measure and compare inflammatory cytokines produced by PBMCs and CBMCs after

stimulation by TLR2 specific stimulation.

Objective 4:

Study the mechanisms by which mitogenic stimuli down-regulate TLR2 expression.

Objective 5:

Determine the role of TLR2 SNP -16935 (A/T) on TLR2 protein expression in healthy

adults.
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CHAPTER 2

MATERIALS AND METHODS

Reagents

All the reagents used were screened for endotoxin contamination. Experiments in

presence of polymyxin (binds endotoxin) validated that the results were not skewed by

endotoxin contamination.

Sample collection and separation of peripheral blood mononuclear cells (PBMCs)

Whole blood was obtained from healthy adult human volunteers in heparinized

VacutainerTM tubes (Becton Dickinson, Franklin Lakes, NJ). 7ml of whole blood was

layered onto 4 ml of Lymphocyte Separation Medium (ICN Biomedicals, Aurora. OH)

and centrifuged at 2000 rpm for 20 minutes (without brake) to obtain the mononuclear

cells. The band of mononuclear cells was removed and washed in Hanks balanced salt

solution (Life Technologies, Gibco-BRL, Rockville, MD) and the pellet re-suspended in

RPMI 1640 medium supplemented with L-glutamine, Pen/Strep, HEPES and 5% FBS

(all from Life Technologies). Viability counts were taken using Trypan Blue and usually

97-99% of the cells were viable. The cells were counted using 1:20 dilution in Turk’s

solution and resuspended to a concentration of 2x106 cells/ml in RPMI for cell culture.
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Sample collection and separation of cord blood mononuclear cells (CBMCs)

Cord blood was obtained from randomly selected unidentified healthy neonates following

scheduled caesarian section births by umbilical venipuncture in heparinized syringes

following delivery of the placenta. Vaginal delivery samples were not used so as to avoid

cord blood cell activation due to stress from vaginal delivery and exposure to bacteria

from the vaginal tract as well as maternal stool. The samples collected for the study were

from women who had elective caesarian sections in the absence of labor. The protocol for

cord blood mononuclear cells is similar to PBMC isolation with a modification to remove

contaminating nucleated red blood cells (nRBCs) by dextran washes. After LSM

separation, the interface layer containing CBMCs and nRBCs was carefully aspirated,

mixed with dextran (6% Dextran 500 in 0.9% NaCl, Sigma, St. Louis, MO) in ratio of 4

parts interface layer to 1 part dextran and incubated at 37°C for 10 minutes. The mixture

was layered over LSM and centrifuged as above. If the interface layer had nRBC

contamination, the dextran sedimentation step and LSM density centrifugation were

repeated up to two times until no contamination was evident. After the dextran washes

the protocol was similar to PBMC isolation starting with HBSS washes.

Cell culture and stimulation

Both PBMCs and CBMCs were re-suspended to a concentration of 2x106 cells/ml for cell

culture and stimulation. Unstimulated cells served as the negative control. TLR2 ligand

N-palmitoyl-S-[2,3-bis(palmitoyloxy)-(2R)-propyl]-(R)-cysteine (Pam3Cys) {EMC

Microcollections, Germany} was used at concentrations of 100ng/ml or 10µg/ml.
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Concanavalin A (Con A) which activates T cells irrespective of antigen specificity was

used at a concentration 10 µg/ml and phorbol 12-myristic 13-acetate (PMA) which

activates all cells via activation of PKC (protein kinase C)22 was used at a concentration

of 10ng/ml. Supernatants were collected and stored at -20°C and later retrieved for

cytokine analysis. The cells were analyzed for surface expression of TLR2 and CD14 by

flow cytometry.

Flow cytometry

The surface expression of TLR2 was estimated by flow cytometry. 0.5 x 106 cells/ml

were washed thrice with flow buffer (PBS supplemented with 20% human AB serum and

sodium azide). The cells were incubated with the isotype (IgG2a-FITC eBioscience or

IgG2a –PE BD-bioscience) or antibody (TL2.1 –FITC eBioscience or anti-CD14 PE BD-

bioscience) for 20 minutes in dark on ice. The cells were washed with flow buffer twice

and resuspended in 250µl of fixative (1% paraformaldehyde in cacodylate buffer) and

stored at 4°C until acquisition. The cells were analyzed by Becton Dickinson

FACScanTM. A total of 20,000 events were acquired and analyzed on Cell Quest ProTM

software. Events were gated to enrich for monocytes based on location of monocytes as

per previous experience.

Cytokine bead array (CBA)

Cytokine bead array allows detection of 6 cytokines from 50µl of supernatant. The

protocol is summarized in figure 2.



32

Figure 2: Schematic representation of cytokine bead array

The cytokine levels were log normally distributed and the values were analyzed

accordingly. The three cytokines measured for Pam3Cys stimulated cord and adult blood

were IFN-γ, TNF-α and IL-6 (BD Bioscience, Cat. No. 551811). For the Con A + PMA

stimulation studies the cytokines measured were IL-2, IL-4, IL-10, IL-6, IFN-γ and TNF-

α (BD Bioscience, Cat. No. 551809).
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Genotyping for TLR2 SNP -16935 (A/T)

DNA extraction from whole blood

Blood was collected from healthy adult volunteers in EDTA VacutainerTM tubes (Becton

Dickinson, Franklin Lakes, NJ). The DNA extraction was carried out using Qiagen

Flexigene Kit (Cat. No. 51206) {Appendix B, pg 126}. The DNA purity was estimated

based on the A260/280 readings from the spectrophotometer readings. The ratios were

generally between 1.8 and 2.

PCR amplification

TLR2 specific primers (Forward: 5’GAGGGCAAGAAAAGAGAGAC3’ and reverse

5’GGTGATTAGGTTATGAA3’) were used for PCR amplification.

The PCR reaction was set up as follows:
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The PCR cycling conditions used were:

Restriction digestion

The PCR product was digested overnight using Hph1.

The digest was run on a 2% agarose gel and visualized by ethidium bromide staining.

The digested product size was as follows:

Statistical Methods

Statistical analyses were performed using the Statistical Package for the Social sciences

(SPSS) Version 6.1.3 (SPSS Inc., Chicago, IL). All statistical analyses were done by

Students paired t-test except where indicated. A p value of < 0.05 was considered

significant.
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CHAPTER 3

RESULTS

Initial studies were performed to characterize expression and differences in expression of

the innate immune receptor TLR2 on human PBMCs under basal (ex vivo) conditions and

upon ligand stimulation in vitro. At the time of initial studies, TLR2 specific ligands were

not available and we began studies with agents that stimulated PBMCs in general, but

soon ligands from the environment (e.g., peptidoglycan) were identified and synthetic

ligands (e.g., Pam3Cys) became available shortly thereafter.

Assessment in variation of TLR2 protein expression in healthy adult donors

To confirm reports that TLR2 was expressed on PBMCs, surface staining for TLR2

expression on PBMCs with TL2.1 antibody (eBioscience) showed that monocytes

expressed TLR2 while lymphocytes did not show a signal for TLR2 expression (Figure

3).
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Figure 3: Representative dot plot analysis of TLR2 positive monocytes and lymphocytes

in adult mononuclear cells. Red dot plots were obtained from gated to monocytes and the

green dot plots are gated to the lymphocyte population. Monocytes primarily expressed

TLR2 in PBMCs.
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CD14 was used as a marker for monocytes and double staining with CD14 and TLR2

showed that 97% of the monocytes expressed both CD14 and TLR2 confirming that

monocytes express TLR2 (Figure 4).

Figure 4: TLR2 and CD14 expression on adult monocytes. Monocytes were gated as

indicated by region (R1). Isotype staining indicated that there was little non-specific

binding. Double-staining with TLR2 and CD14 indicated that 97% of the gated

monocytes expressed TLR2.
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Mean florescence intensity (MFI) values indicate the receptor density on the cell surface.

Histograms generated from gated monocytes were used to determine the mean

florescence values for TLR2 (Figure 5).

Figure 5: Mean florescence intensity of TLR2 on adult monocytes. The histogram was

generated from the gated monocyte region of PBMCs from healthy adult volunteer. The

red peak indicates the florescence intensity of monocytes stained for TLR2.

We evaluated the mean florescence intensity (MFI) values by t-test to compare TLR2

expression in different donors to estimate differences in the TLR2 density among

individuals. There was significant variation in TLR2 protein expression among donors

(Table 2). The intra-individual differences from repeat sampling were significantly

smaller than inter-individual differences by random effects model (Table 3).
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Table 2: Inter-individual differences in TLR2 expression in healthy adult donors.
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Table 3: Intra-individual differences in TLR2 expression in healthy adult donors.

To estimate the role of technical factors contributing to the inter-individual differences,

PBMCs obtained from the same donor were divided into two aliquots and analyzed by

flow cytometry. The results did not show any significant differences (Table 4) and

therefore the inter-individual differences are not attributed to technical issues.
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Table 4: TLR2 expression assessed in duplicates to estimate technical variation. Percent

positive values (4a) and (4b) mean-florescence intensity was compared.

TLR2 expression on monocytes from adult and cord blood

A comparison of TLR2 surface expression on cord blood mononuclear cells (CBMCs)

and peripheral mononuclear cells (PBMCs) from adults (defined previously) was done by

flow cytometry studies. We found that cord blood monocytes expressed significantly

lower amounts of TLR2 than adult monocytes. (Figure 6)
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Figure 6: TLR2 receptor density on cord (CBMC) and adult (PBMC) gated monocytes.

The standard error of the mean (SEM) for PBMC and CBMC were 15.3 and 5.2.

TLR2 expression modulated differently by stimuli in cord and adult monocytes

To determine the impact of TLR2 specific ligand stimulation on TLR2 surface protein

expression, we stimulated PBMCs and CBMCs with Pam3Cys (synthetic lipopeptide and

TLR2 specific ligand). Two doses of Pam3Cys were used for stimulation studies to

determine the role of dose of the ligand on receptor expression based on dose response

curve with a concentration range of 100 ng – 10 µg (data not shown). The two doses of

Pam3Cys used were 10µg/2x106 cells (high dose) and 100ng/2x106 cells (low dose).
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There was a significant decrease in receptor density in adult monocytes with high dose of

Pam3Cys stimulation. Stimulation with low dose did not result in significant changes in

surface expression of TLR2 on adult monocytes (Figure 7). In contrast to PBMCs,

monocytes from CBMCs did not show a change in receptor density after TLR2 specific

stimulation at either high or low dose of Pam3Cys (Figure 7).
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(Figure 7a)

(Figure 7b)

Figure 7: Modulation of surface density of TLR2 in (7a) adult and cord (7b)

mononuclear gated monocytes after TLR2 specific stimulation. The SEM for PBMCs

were 15.3 for unstimulated, 7.2 for Pam3cys (100ng) and 6.6 for Pam3cys (10µg). The

SEM for CBMCs were 5.2 for unstimulated, 3.9 for Pam3cys (100ng) and 4.4 for Pam3cys

(10µg). * p<0.05 as compared to unstimulated control.
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Cytokine profiles of Pam3Cys activated cord and adult mononuclear cells

The supernatants from unstimulated and Pam3Cys stimulated cord and adult mononuclear

cells were analyzed for production of IL-6, IL-10 and TNFα by Cytokine Bead Array

(CBA). The cytokines serve as cell activation markers in response to Pam3Cys

stimulation. Pam3Cys stimulation at both doses induced cytokine production in both

PBMCs and CBMCs indicating that both CBMCs and PBMCs are responsive to

Pam3Cys stimulation (Figure 8).
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Figure 8a

Figure 8b

Figure 8: Cytokine profiles of Pam3Cys stimulated adult (8a) and cord (8b) mononuclear

cells. The red line represents the threshold for detection for the assay. The SEM for

PBMC were: IL-6 unstimulated (US) {0.5}, Pam3cys 100ng/ml (PC100) {0.1} and Pam3
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cys 10µg/ml (PC10) {0.2}. IL-10 US {0.3}, PC100 {0.2} and PC10 {0.2}. TNFα US {0.5},

PC100 {0.4} and PC10 {0.2}. The SEM for CBMC were: IL-6 US {0.8}, PC 100 {0.2}

and PC10 {0.1}. IL-10 US {0.2}, PC100 {0.1} and PC10 {0.1}. TNFα US {0.3}, PC100

{0.1} and PC10 {0.1}. * p<0.05 as compared to the respective unstimulated controls.

Adult mononuclear cells showed differences in cytokine production depending on the

concentration of Pam3Cys used for stimulation. At lower dose (100ng/ml) there was a

significant increase in IL-6 production but not in IL-10 and TNFα. Stimulation with a

higher dose of Pam3Cys (10ug/ml) resulted in a significant increase in the production of

IL-6 and IL-10 after 24 hours. TNFα secretion was not significantly different from

unstimulated controls.

In contrast with PBMCs, cord blood mononuclear cells showed similar cytokine profiles

at both doses of Pam3Cys stimulation. Both high and low doses resulted in the increased

secretion of IL-6, IL-10 and TNF-α after 24 hours of incubation. CBMCs produced

significant increase in TNFα after Pam3Cys stimulation compared to unstimulated

control (both doses) whereas PBMCs did not. Thus, although there were no differences in

TLR2 expression in cord blood monocytes after stimulation the CBMCs were responsive

to the stimulation as indicated by increased cytokine production.
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Concanavalin A and phorbol 12-myristate 13-acetate stimulation modulates surface

TLR2 expression in adult PBMCs

Concanavalin A (Con A) and phorbol 12-myristate 13-acetate (PMA) were used to

stimulate PBMCs as they have been reported to activate different cells and

pathways22,23,24. Con A is a mitogen activating T cells via invariant sites on the T cell

receptor and results in T cell proliferation while PMA activates protein kinase C

(monocytes and lymphocytes) but does not induce proliferation. Following stimulation of

the PBMCs with Con A and PMA for 24 hours, the surface TLR2 expression estimated

by flow cytometry showed a significant decrease in receptor density (Figure 9).

Figure 9: Down-regulation of TLR2 surface density in concanavalin A and PMA

stimulated adult mononuclear cells. A significant down-regulation in receptor density

was observed with stimulation with concanavalin A and PMA. SEM was unstimulated

(15.1) and Con A + PMA (8.5). * p<0.05 as compared to the unstimulated control.
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PBMCs were stimulated with Con A alone and PMA alone. A significant decrease in the

TLR2 surface expression was observed with Con A alone as well as PMA alone (Figure

10). A time course experiment showed that the decrease in percent positive cells as well

as receptor density occured within 30 minutes of exposure (Figure 11).

Figure 10: Down-regulation in percent positive TLR2 adult mononuclear cells after

stimulation with Con A alone and PMA alone. SEM values were US (3.5), ConA (6.7),

PMA (6.8) and ConA + PMA (7.8). * p<0.05 as compared to the unstimulated control.
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Figure 11a

Figure 11b

Figure 11: Time course of the rapid decrease in TLR2 surface density (11a) and TLR2

percent positive monocytes (11b) after Con A + PMA stimulation. SEM for 11a were US

0h {5.8}, US 0.5h {6.2}, Con A + PMA (C + P) 0.5h {1.7}, US 1h {7.0}, C + P 1h {2.1},

US 2h {5.9} and C + P 2h {0.9}. SEM for 11b were US 0h {17.8}, C + P 0h {15.5}, US

0.5h {21.2}, C + P 0.5h {4.2}, US 1h {23.1}, C + P 1h {6.4}, US 2h {11.3,} C + P 2h

{0.8}, US 24h {10.8} and C + P {8.4}. *p<0.05 as compared to unstimulated control.
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Cytokines from PBMCs stimulated by Con A alone

Cytokine bead array (CBA) was used to measure cytokines produced by Con A

stimulated PBMCs. The cytokines measured were IL-2, IL-4, IL-6, IL-10, TNF-α and

IFN-γ. There was a significant increase in all of these cytokines as compared with the

unstimulated control (Figure 12).

Figure 12: Cytokines from PBMCs stimulated Concanavalin A (Con A) alone. Red line

indicates threshold of detection for the assay. The SEM values were: IL-2 US (0.1), IL-2

Con A (0.1), IL-4 US (0), IL-4 Con A (0.2), IL-6 US (0.5), IL-6 Con A (0.2), IL-10 US

(0.3), IL-10 Con A (0.1), TNF-α US (0.5), TNF-α Con A (0.2), IFN-γ US (0) and IFN-γ

Con A (0.1). * p<0.05 compared to respective unstimulated control.
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Cytokines from PBMCs stimulated with PMA alone

Supernatant from PMA stimulated PBMCs were harvested after 24 hours of stimulation.

Similar to the Con A studies, the cytokines measured by CBA were IL-2, IL-4, IL-6, IL-

10, TNF-α and IFN-γ. There were some differences in the cytokine profile of PMA

stimulated PBMCs as compared to Con A stimulated PBMCs. In contrast to Con A

stimulation, PMA did not induce the secretion of IL-4 and IL-10 (Figure 13). There was

an increase in the amount of IL-2, IL-6, TNF-α and IFN-γ over unstimulated controls

which was similar to Con A stimulated PBMCs.

Figure 13: Cytokines from PBMCs stimulated with phorbol 12-myristate 13-acetate

(PMA) alone. Red line indicates threshold of detection for the assay. The SEM values

were: IL-2 US (0.1), IL-2 PMA (0.3), IL-4 US (0), IL-4 PMA (0.1), IL-6 US (0.5), IL-6

PMA (0.5), IL-10 US (0.3), IL-10 PMA (0.2), TNF-α US (0.5), TNF-α PMA (0.4), IFN-γ

US (0) and IFN-γ PMA (0.3). * p<0.05 compared to respective unstimulated control.
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Time dependent release of cytokines in Con A and PMA stimulated PBMCs

PBMCs were stimulated by Con A and PMA and supernatants were harvested at 0h, 1h,

2h and 24h from the stimulated as well as unstimulated controls. As described earlier,

CBA was used to measure IL-2, IL-4, IL-10, IL-6, TNF-α, and IFN-γ. There was a time-

dependent release of cytokines by the PBMCs after Con A + PMA stimulation. TNF-α

was the first cytokine secreted within one hour of stimulation (Figure 14). After two

hours of incubation, IFN-γ was detected along with TNF-α. After 24 hours of incubation

IL-2, IL-10, IL-6, TNF-α, and IFN-γ were detected. There was a significant increase in

the amounts of all the cytokines from supernatants of PBMCs stimulated for 24 hours as

compared to supernatants collected after 2 hours of incubation.

Figure 14: Time dependent release of cytokines in Con A+PMA stimulated PBMCs. Red

line indicates threshold of detection for the assay. SEM values were: IL-2 1h (0), IL-2 2h

(0), IL-2 24h (3.3),IL-6 1h (0), IL-6 2h (0), IL-6 24h (2.7), IL-10 1h (0), IL-10 2h (0), IL-
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10 24h (2.1), TNF-α 1h (0.8), TNF-α 2h (1.6), TNF-α 24h (2.7), IFN-γ 1h (0), IFN-γ 2h

(2.6) and INF- γ 24h (3.6). * p<0.05 as compared to unstimulated control.

Role of lymphocytes in TLR2 down-regulation

To evaluate the role of lymphocytes in down-regulation of TLR2, purified monocytes

were stimulated with Con A alone, PMA alone and Con A + PMA (Figure 15). Con A

alone did not induce any significant changes in TLR2 expression on purified monocytes

as compared to unstimulated controls after stimulating for 24 hours. In contrast, PMA

induced significant down-regulation of TLR2 on purified monocytes as compared to

unstimulated controls. Con A and PMA together also induced a down-regulation of TLR2

on purified monocytes.

Figure 15: Role of lymphocytes in TLR2 down-regulation. SEM values were:

unstimulated (1.6), Con A (6.7), PMA (7.2) and Con A + PMA (8.9). * p<0.05 as

compared to unstimulated control.
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Genetic factors confounding TLR2 surface expression

TLR2 expression was determined on PBMCs from adults and correlation with the

intronic SNP -16935 A/T was assessed. The SNPs were identified by restriction digestion

with Hph1 as shown in figure 16. Our genotyping studies showed that the SNP (-16935

A/T) prevalence was similar to the ALEX study population (Table 5).

Figure 16: SNP TLR2 -16935 A/T genotyping. Hph1 digestion of TLR2 intron 1 PCR

product reveals unique band pattern that identifies the SNP based on the size of the

digested PCR fragments.

Table 5: Distribution of SNP TLR2 -16935 (A/T) in Tucson population
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SNP -16935 A/T modulates TLR2 protein expression

We compared the surface receptor density of individuals with AA, AT and TT at position

-16935 in TLR2 gene. Individuals who were TT showed lower expression of TLR2 on

monocytes as compared to heterozygous individuals (Figure 17).

Figure 17: SNP TLR2 -16935 A/T and TLR2 protein expression. There was a significant

difference in the mean fluorescent intensity (MFI) of TLR2 on monocytes between the AT

+ AA (n=23) and TT (n=10) individuals at SNP TLR2/-16935 A/T. The SEM values were

AT + AA (0.03) and TT (0.05). * p<0.05
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CHAPTER 4

DISCUSSION

TLR2 protein expression in healthy adult donors

Inter-individual and intra-individual differences in TLR2 expression in humans has not

been reported in the published literature. Our studies indicated that in PBMCs, TLR2 is

primarily expressed on monocytes while the lymphocytes have negligible amounts of

surface TLR2 expression. The receptor density of TLR2 expression showed considerable

intra-individual and inter-individual variation with the latter greater than the former.

These differences were not attributable to technical variation as differences in the results

with replicate samples were much smaller (Table 4). There were also considerable inter-

individual differences in TLR2 percent positive cells. These inter-individual differences

(receptor density and percent positive values) could be a result of genetic and

environmental factors that have complex gene-environment interaction to impact the

TLR2 surface protein expression. A recent study on mechanisms of TLR4 surface

expression in dendritic cells showed that PRAT4A (Protein Associated with Toll-Like

Receptor 4) association with TLR4 was necessary for the surface expression of TLR426.

Thus, the potential for influence of genetic variation intends beyond the gene for the

protein per se. Although PRAT4A did not associate with TLR2 there may be other

proteins that interact with TLR2 and regulate TLR2 surface expression.
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TLR2 expression on monocytes from adult and cord blood

Cord blood cells obtained from scheduled caesarian section births were used in this study

so as to avoid bacterial exposures of the birthing process. Exposure to maternal normal

flora in the vagina or maternal fecal matter is avoided in C-section deliveries. A

comparative study of TLR2 expression on adult monocytes (from PBMCs) and cord

monocytes (from CBMCs) showed that cord blood monocytes express significantly lower

amounts of surface TLR2 as compared to adult monocytes. There are conflicting reports

on the expression of TLR2 in CBMCs as compared to PBMCs in that some studies

reported decreased TLR2 expression in cord blood27 and others did not find any

significant differences28. The studies that show decreased TLR2 expression in CBMCs

have identified maternal allergy to be an influencing factor. Genetic variation

(polymorphisms) in TLR2 could be an influencing factor for altered TLR2 expression

and correlating the protein data with the TLR2 genotype would address this question.

Thus, TLR2 expression could be influenced by genetic factors (polymorphisms),

environmental factors (maternal allergy or infections) and a compounded effect of gene-

environment interactions. We investigated the effect of TLR2 specific stimulation on

TLR2 expression in cord and adult monocytes as discussed below.
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TLR2 expression modulated differently in cord and adult monocytes

We investigated the role of TLR2 specific stimulation on TLR2 surface protein

expression by stimulating PBMCs and CBMCs with two doses of Pam3Cys (synthetic

lipopeptide and TLR2 specific ligand). Stimulation of PBMCs with Pam3Cys at a high

dose resulted in a significant decrease in the receptor density as compared to the

unstimulated control at 24 hours. The reduction of receptor density in adult monocytes

could be a mechanism to avoid excessive stimulation of the monocytes39. The receptor

density did not show significant changes after stimulation with the low dose Pam3Cys.

Thus TLR2 expression on monocytes in PBMCs can be altered by environmental

exposures and the dose of exposures can modulate these changes. The contributing

factors for decrease in receptor density could be internalization of the receptor, reduced

transcription / translation of TLR2 or shedding of receptor.

In contrast to PBMCs, monocytes from CBMCs did not show a significant change in the

receptor density after stimulation at both doses of Pam3Cys stimulation. This could be

due to an immature status of cord blood monocytes where the regulatory pathways/

mechanisms that modulate the surface receptor density may not be in place. It is also

possible that unstimulated cells down-regulate TLR2 during the 24 hours culture to a

greater intent than adult cells. It is also possible that the cord cells do not respond at all to

TLR2 stimulation. We evaluated the activation of monocytes from cord and adult blood

to Pam3Cys stimulation by measuring the expression of cytokines (as cell activation

markers) in supernatants of Pam3Cys stimulated CBMCs and PBMCs.
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A study by Schaub B et al29 showed that peptidoglycan stimulated CBMCs increase

TLR2 transcripts 3.46 fold over unstimulated controls after 3 days of stimulation. Since

there was no significant change in TLR2 expression in CBMCs at 24 hours, there may be

a delayed change in receptor density in response to stimulation in CBMCs and therefore

was not seen our studies which followed TLR2 protein expression for 24 hours.

Cytokine profiles of Pam3Cys activated cord and adult mononuclear cells

Our cytokine data show that both CBMCs and PBMCs are responsive to Pam3Cys

stimulation. Adult mononuclear cells showed differences in cytokine production

depending on the concentration of Pam3Cys used for stimulation. At lower concentration

(100ng/ml) there was a significant increase in IL-6 production which is produced by T

cells and monocytes. There wasn’t a significant increase in the IL-10 (produced by T cell

and monocytes) or TNFα (made by monocytes, NK cells and T cells) production. With a

higher dose of Pam3Cys (10ug/ml) there was a significant increase in the production of

IL-6 and IL-10 after 24 hours. TNF-α secretion was not significantly different from

unstimulated controls. Unlike adult mononuclear cells, cord blood mononuclear cells did

not show differences in cytokine production when stimulated with different doses of

Pam3cys. Both high and low doses resulted in the increased secretion of IL-6, IL-10 and

TNF-α after 24 hours of incubation.

The source of the cytokines needs to be determined by intracellular staining and cell

activation can be evaluated with nitric oxide assays. The cytokine profiles of purified cell
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populations (monocytes or lymphocytes) would also be able to identify the source of the

cytokines produced after stimulation.

Thus, cord blood mononuclear cells did not show altered response (in terms of the three

cytokines tested) to the dose of the TLR2 ligand stimulation whereas the adult

mononuclear cells modulated cytokine production differentially in relation of the dose of

stimulant used.

In summary, there are significant differences in TLR2 expression and regulation in cord

blood and adult blood. Receptor specific stimulation can induce changes in TLR2 surface

expression and provoke cytokine production, which in turn can shape the host immune

responses.

Concanavalin A and phorbol 12-myristate 13-acetate stimulation modulates surface

TLR2 expression in adults

Concanavalin A (Con A) and phorbol 12-myristate 13-acetate (PMA) were used to

stimulate PBMCs. Although a direct effect of Con A stimulation on monocytes was not

expected, it is known that Con A stimulation of T cells was stronger in the presence of

monocytes and would thus allow us to determine if any change in TLR2 expression

occurred as part of that involvement and/or via a direct action of PMA. Previous studies

have reported that Con A and PMA activate different cells and pathways. Con A is a

lectin protein from jackbean (Canavalia ensiformis) that binds to glycoprotein and is
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known to be a potent T lymphocyte mitogen21. PMA has been shown to activate the

signal transduction enzyme protein kinase C22,23,24.

There was a strong down-regulation in TLR2 percent positive monocytes PBMCs when

they were stimulated with Con A + PMA for 24 hours. This was accompanied with

decrease in the receptor density of TLR2 on adult monocytes as shown by flow cytometry

studies (Figure 9). Time course studies determined that the receptor density is lowered

rapidly and observed within 30 minutes of incubation with Con A/PMA. The different

mechanisms that may contribute to the decrease in receptor density are:

1) Receptor shedding

2) Receptor internalization

3) Transcriptional down-regulation

4) Translational down-regulation

Since the down-regulation is seen within 30 minutes of Con A + PMA stimulation, we

speculate that receptor shedding and internalization are more likely to be contributing to

this early down-regulation. The receptor levels were maintained at a significantly lower

density than the unstimulated controls for up to 24 hours. In addition to shedding and

internalization, translational and transcriptional down-regulation could be responsible for

maintenance of low receptor density for at least 24 hours. These alterations in TLR2, as

well as those seen above with stimulation of adult cells with TLR2 ligand, provided an

impetus to go on to study TLR2 mRNA regulation in Section II.
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Down-regulation of TLR2 by Con A

Stimulating PBMCs with Con A alone showed a significant decrease in TLR2 over

unstimulated control (Figure 10). Since Con A has been reported to primarily activate

lymphocytes we used Con-A to stimulate isolated monocytes instead of PBMCs as used

in previous experiments. Unlike monocytes in PBMCs, stimulation of purified monocytes

with Con A alone did not yield a change in TLR2 receptor density. These results also

showed that the decrease in TLR2 observed with monocytes from PBMCs is not due to

Con A interfering with the binding of TLR2 staining antibody as the antibody binding

was not reduced by the presence of Con A in isolated monocyte stimulation studies with

Con A. We conclude from these data that Con A mediates the decrease in TLR2

expression on monocytes in a lymphocyte-dependent manner. The lymphocytes may

induce the decrease in TLR2 receptor density by a lymphocyte-monocyte contact

mediated pathway and/or via cytokine mediators. We measured the cytokines in the

supernatants from these cell cultures to identify the potential mediators of the decrease in

receptor.

Cytokines from PBMCs stimulated with Con A alone

We measured the cytokine secretion by PBMCs stimulated by Con A alone for 24 hours.

The cytokines measured were IL-2, IL-4, IL-6, IL-10, TNF-α and IFN-γ. There was a

significant increase in all of these cytokines as compared with the unstimulated control.

Thus, Con A activates lymphocytes (as indicated by IL-2 secretion) and the ensuing

events trigger pathways that induce the decrease in TLR2 expression in a lymphocyte-
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dependent manner. Further investigation using Con A stimulated isolated lymphocytes

(instead of PBMCs) would help verify the cytokines made by lymphocytes. After

characterizing the cytokines produced by lymphocytes, stimulation of monocytes with

those cytokines would evaluate their role in activation of monocytes and down-regulation

of TLR2.

Down-regulation of TLR2 by PMA

There was a significant decrease in the cell surface density of TLR2 in purified

monocytes stimulated with PMA (Figure 15) and was comparable to the decrease seen on

monocytes in PBMC preparations (Figure 10). PMA can down-regulate TLR2 on

monocytes via lymphocyte independent pathways. PMA has been shown to activate

protein kinases in cells such as monocytes (PKC). The protein kinases can phosphorylate

cell surface proteins and these phosphorylated proteins could be targets for binding and

interacting with other proteins such as sheddases (enzymes responsible for receptor

surface shedding). PKC activation is known to result in cleavage of cell surface receptors

thus causing shedding of receptors (eg. IL-6R)49. Thus PMA induced receptor shedding

could be one of the mechanisms involved in the early decrease in TLR2.
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Cytokines from PBMCs stimulated with PMA alone

We measured the cytokine secretion by PBMCs stimulated by PMA alone for 24 hours.

The cytokines measured were IL-2, IL-4, IL-6, IL-10, TNF-α and IFN-γ. Similar to Con

A stimulation, there was an increase in the amount of IL-2, IL-6, TNF-α and IFN-γ over

unstimulated controls. In contrast to Con A stimulation, PMA did not induce the

secretion of IL-4 and IL-10. The presence of IL-2, which is a lymphokine suggests that

PMA stimulation leads to activation of the lymphocytes. PMA has been previously

shown to activate PKC in lymphocytes and inhibition of PKC results in significant

reduction in the expression of IFN-γ and IL-2. Thus PMA may be influencing the down–

regulation of TLR2 on monocytes in a lymphocyte-dependent manner as well as in a

lymphocyte-independent manner as shown by our studies with purified monocytes.

Time dependent release of cytokines in Con A and PMA stimulated PBMCs

The secretion of inflammatory cytokines by Con A and PMA activated PBMCs was

measured by Cytokine Bead Array (CBA). There was a time-dependent release of

cytokines by the PBMCs after Con A and PMA stimulation. TNF-α, which is known to

be produced by monocytes, T-cells and NK cells, was the first cytokine secreted within

one hour of stimulation. After two hours of incubation, IFN-γ which can be produced by

T cells and NK cells was detected along with TNF-α. After 24 hours of incubation IL-2,

IL-10, IL-6, TNF-α, and IFN-γ were detected. There was a significant increase in the

amounts of all the cytokines from supernatants of PBMCs stimulated for 24 hours as

compared to supernatants collected after 2 hours of incubation.
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Thus, the initial response is secretion of inflammatory cytokine TNF-α, which is known

to recruit other cells to the site of stress followed by activation and participation of

adaptive immune cells like lymphocytes (indicated by IL-2 production). The role of

TLR2 with its ligands on the recruitment of adaptive immune cells was shown by a study

by Velasco et al30. This study showed that administration of TLR2 agonists before or

during allergen sensitization or challenge led to decreased recruitment of CD4+ T-cells

and eosinophils to the lung. Thus, TLR2 stimulation can modulate adaptive (allergic)

responses in a non-antigenic dependent manner and exposure to bacterial components

under defined conditions may protect against allergic disease.

Mechanisms for TLR2 down-regulation by Con A and PMA

Con A and PMA activate distinct pathways and stimulation with both these stimuli alone

or together leads to the down-regulation of TLR2 expression on monocytes. The

mechanisms of down regulation that may be involved are outlined below.



67

Figure 18: Mechanisms for TLR2 down-regulation by Con A and PMA

Con A is known as a potent T lymphocyte activator. The lack of response to Con A by

isolated monocytes indicated that Con A mediates the down-regulation of TLR2 in a

lymphocyte dependent manner. Other studies50,51 have reported that cytokines such as

TNFα, IL-6 and GM-CSF can modulate TLR expression. Stimulation studies with

isolated monocytes and cytokines that were detected after Con A stimulation would

evaluate the role of cytokines in mediating TLR2 down-regulation. In addition, the role

of lymphocyte-monocyte interaction can be studied by barrier assay where the

lymphocytes and monocytes are separated by a barrier that allows exchange of soluble

factors. The down-regulation of TLR2 may be a result of internalization, transcriptional

down-regulation and translational down-regulation. Another mechanism of down-



68

regulation could be shedding. Shedding has been reported to be strongly activated by

PMA52. The rapid loss of receptor shown by the time course experiments suggest that

internalization and /or shedding may be involved. The presence of soluble TLR2 has been

reported in a study by LeBouder et al53. Immunoprecipitation and western blot studies

need to be carried out using supernatants from PMA stimulated monocytes to assess the

possibility of TLR 2 shedding.

Genetic factors confounding TLR2 surface expression

TLR2 sequencing studies have indicated that there are 111 polymorphisms in the TLR2

gene (appendix A). The SNPs are numbered from the first coding ATG. The SNPs

upstream of the first coding ATG have negative numbers to mark their position. The

region of TLR2 gene where the SNP is located is also located in the table. The bins

(indicated in the last column) are composed of SNPs that are very highly correlated with

each other (r2>0.7). Therefore, identifying one of the SNPs belonging to a bin can predict

the other SNPs in the bin. Thus, as shown in the table of appendix A, 100 out of the 111

SNPs in TLR2 gene are located in the non-coding region of the gene. The impact that

these SNPs may have on the regulation of TLR2 gene expression has not been

determined. SNP -16935 A/T is located in the first intron of the TLR2 gene and has been

associated with asthma susceptibility in farmers25.

Cord blood samples could not be used to evaluate SNP distribution due to logistical

restrictions, although future studies using samples from longitudinal studies will be used
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to genotype the cord samples and study association between TLR2 polymorphisms and

TLR2 protein expression. We enrolled healthy adult volunteers to study the distribution

of SNP-16935 in the Tucson population. The distribution of SNP TLR2 (-16935 A/T)

was similar to the ALEX study population and this could be because the people enrolled

in our study were mostly Caucasian individuals. We found that the T homozygous

individuals had significantly lower expression than the heterozygous individuals. The

mechanisms via which intronic SNPs affect protein expression are unclear. There may be

regulatory proteins that bind the intronic region (DNA) to enhance transcription of the

gene that result in increased protein expression. For example, a significant enhancer

activity was identified in the first intron of transcription factor TFAP2B gene31. Another

report implicated an important regulatory role within the first introns of most genes

(based on methylation patterns) and therefore may be involved in transcriptional

control32.

The ALEX study reported that the farmers have more TLR2 mRNA than non-farmers25.

The relationship between the TLR2 SNP -16935 (A/T) and the mRNA levels was not

reported. Recent findings have demonstrated the possibilities of interactions among

polymorphisms within a gene and also between genes. Thus, possible future studies

evaluating the association between haplotypes (TLR2) and TLR2 protein expression

would help us better understand the role of the polymorphisms on protein expression.
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Summary Part 1

Flow cytometry studies with PBMCs from healthy adult volunteers showed that there are

considerable inter-individual differences in TLR2 expression. The studies of section 1

examined the potential for such differences to be attributed to genetic (TLR2

polymorphisms) and environmental factors (type and dose of ligand). Stimulation studies

with Pam3cys showed that there were differences in the modulation of TLR2 surface

densities between cord and adult mononuclear cells. Stimulation studies with ConA and

PMA indicate that there may be indirect influences on TLR2 regulations. Such influences

might occur via multiple mechanisms (shedding, transcriptional, translational,

internalization, lymphocyte dependent and lymphocyte mediated pathways). Cord blood

TLR2 expression was modulated differently than adult monocytes. In contrast to adult

monocytes, cord monocytes did not show a significant change in receptor density after

stimulation with TLR2 specific ligand. Interestingly, the cytokine secretion by CBMCs

was comparable to the cytokine secretion by PBMCs.

Based on the results from our studies we propose the following hypothetical model

(figure 19). The T homozygous (SNP-16935) individuals which were protected from

asthma diagnosis in ALEX study showed lower expression than the heterozygous

individuals in our study. We speculate that despite farm children having an overall

increased TLR2 mRNA, T homozygous individuals growing up on the farm interact with

farm related exposures to have a lowered TLR2 protein expression and this in turn may

be protective from developing allergies.
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Figure 19: Hypothetical model of gene (TLR2) and environment (farm exposures)

interactions influencing asthma and allergy development.
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SECTION 2: ROLE OF ALTERNATIVE SPLICING IN TLR2 EXPRESSION AND

REGULATION

CHAPTER 5

INTRODUCTION

As discussed in section 1, TLR2 acts as an interface for complex gene-environment

interactions. The results of Section 1 indicate that TLR2 expression on human monocytes

is altered by receptor-ligand interaction. To further our understanding of the regulation

and expression of TLR2 on human monocytes, we were interested in studying the

transcriptional regulation of TLR2.

TLR2 gene

The human TLR2 gene is located on chromosome 4q31-32. The TLR2 gene was reported

by Haehnel et al to be composed of three exons separated by two introns33. The first two

exons are non-coding exons, while exon 3 encodes the entire TLR2 protein.
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Figure 20: TLR2 gene structure.

Unlike intronic regions which are not included in the mature RNA as a result of being

spliced out, the non-coding exons are a part of the mature RNA transcript but do not

encode the protein. In TLR2, the exon 3 encodes the entire TLR2 protein {784 amino

acid protein with a calculated molecular weight of 84 kDa, (NCBI, Acc. No.

NP_003255)}.

Pre-mRNA splicing

The TLR2 mRNA has been reported to show some variation in the non-coding exons of

the transcript as a result of alternative splicing25. The role and impact of alternative

splicing on TLR2 protein expression has not been characterized. This study is focused on

investigating the extent of alternative splicing and its influence on TLR2 protein

expression.
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We begin with a brief overview of the transcriptional process and splicing factors that

participate in alternative splicing. Transcription is a process by which genes are

transcribed to make pre-mRNA which consists of exons and introns43. A mature

transcript is made from the pre-mRNA by splicing out the introns by complex splicing

machinery44. The splicing machinery (spliceosome) is composed of several proteins and

catalytic RNA42. The spliceosomes recognize at least three splice site sequences (namely

acceptor, donor and branch point site).

The donor and acceptor sites are located at the 5’ and 3’ ends respectively of the region

that will be spliced out (Figure 21)34. The branch point sequence is located in the intronic

region and aids in the formation of a lariat structure34. Splicing occurs in two trans-

esterification steps34. In the first trans-esterification step the acceptor site and branch

point site interact to form the lariat structure. The second trans-esterification reaction

results in the release of the intronic region followed by ligation of the exons. After the

splicing process is completed the mature transcript is further processed by addition of

5’cap. The mature transcript is then transported to the cytoplasm where proteins are made

by translation34.
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Figure 21: Scheme for pre-mRNA splicing. The donor site (GU), acceptor site (AG) and

the branch-point adenosine interact to splice out the intronic region.
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Alternative splicing

Alternative splicing is a process by which different mature transcripts can be made from

the same pre-mRNA species. The pre-mRNA can be divided into three main regions (a)

5’-untranslated region, (b) coding region and (c) 3’-untranslated region. Alternative

splicing of the RNA transcripts in different regions of the pre-mRNA can have different

impacts on the protein expression and function as shown in Figure 2234.

Figure 22: Potential impact of alternative RNA splicing on protein.

The 5’UTR of mRNA may contain enhancer regulatory elements that can influence the

translational efficiency of the transcripts. The alternative splicing of coding region may

result in transcripts that encode proteins with altered structure and function. The 3’UTR

may contain stabilizing domains that could be spliced out altering the transcript stability

of the variants. Most of the research efforts have been directed to study the function of

alternative splicing in the coding region45. However recent studies36 have sparked interest
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in the regulatory role of alternative splicing in the non-coding exons on protein

expression.

Impact of alternative splicing in 5’untranslated regions on protein expression

The following are two examples that demonstrate the different pathways and mechanisms

in which the 5’UTR variation affects the protein expression.

1) The 5’UTR may contain binding sites for regulatory elements that could enhance or

suppress the translational efficiency of the transcript. Alternative splicing of the 5’UTR

could create or delete these sites and thereby influence the translational efficiency of the

transcripts. An example is the gene aminolaevulinate synthase 1 (ALAS1)35 that codes

for an enzyme that is involved in biosynthesis of haem.

2) Alternative splicing of the 5’UTR may affect the secondary structure of the transcript.

A change in the secondary structure of the transcript can alter its accessibility to the

translational machinery. A change in the secondary structure of the transcript may also

impact the stability of the transcript. An example is a tumor suppressor gene called

BRCA1 (breast cancer gene 1)36.

Haehnel et al reported alternative splicing in the TLR2 transcripts in the 5’-untranslated

region (5’UTR)33. As the alternatively spliced TLR2 transcripts do not differ in their

protein coding region and encode identical protein, the role of alternative splicing in

TLR2 is likely to be regulation of amount of TLR2 protein expressed.
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Summary and statement of problem

Our studies from Section 1 indicate that TLR2 expression on human monocytes differs

among individuals and is altered by receptor-ligand interaction and other cell stimuli.

Our studies with SNP -16935 indicated that this intronic polymorphism may be

influencing the TLR2 protein expression. We hypothesized that the intronic

polymorphism may affect the binding of splicing factors influencing the pattern of

alternative splicing of the TLR2 mRNA. As discussed in the introduction (section 2) the

5’UTR has been shown to influence the translational efficiency of transcripts in some

genes like ALAS1. Thus, variation in the 5’UTR of TLR2 mRNA due to alternative

splicing could result in altered TLR2 protein expression.

Study objectives

We have used TLR2 as a model to increase our understanding of the extent to which

alternative splicing may occur and to begin to understand at least its potential function.

The initial goal of this study was to confirm or refute the previous report of alternatively

spliced variants. Once that was confirmed, the goal was to (a) determine the transcription

start sites involved in TLR2 transcription and examine any relations with splice variants,

(b) characterize the distribution of TLR2 transcript variants in two different cell lines and

primary cells from different individuals, (c) identify the acceptor and donor sites

sequences involved in TLR2 splicing and evaluate whether they are altered by SNPs, (d)

evaluate the functional implications of the 5’UTR of two splice variants on luciferase
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gene expression and (e) investigate the effect of TLR2 specific stimulation on variant

distribution.
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CHAPTER 6

MATERIALS AND METHODS

Sample collection

Blood samples were obtained from consenting healthy adult volunteers. Blood was

collected in heparinized VacutainerTM tubes (Becton Dickinson, Franklin Lakes NJ) and

PAXgeneTM gene tubes (Beckton-Dickonson, Cat. no. 762165).

PBMCs isolation from whole blood in heparin tubes by Ficoll Hypaque centrifugation

7 ml of blood was layered onto 4 ml of Lymphocyte Separation Medium (ICN

Biomedicals, Aurora, OH) and centrifuged at 900 g for 20 minutes (with brakes off) to

obtain the mononuclear cells. The layer of mononuclear cells were removed and washed

in Hanks balanced solution (Gibco, Invitrogen, Cat. No. 14170-112) and the pellet re-

suspended in RPMI 1640 medium supplemented with L-glutamine,

Penicillin/Streptomycin), HEPES and 5% Fetal Calf serum (all from Life technologies).

The cells were counted using a 1:20 dilution in Turk’s solution and re-suspended to a

concentration of 2x106 cells/ml in RPMI. Cells at this concentration were stimulated in 2

ml cultures with 10 µg/ml and 100 ng/ml of Pam3Cys (EMC microcollections, Germany,

Prdt. No. L2000) for 4 or 24 hours at 37°C with 5% CO2. At the end of the stimulation

period, the cells were pelleted and used for RNA extraction. The supernatants were

collected and stored at -80°C for cytokine analysis.
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Monocyte isolation

Monocytes were isolated from PBMCs using the monocyte isolation kit from StemSepTM

monocyte enrichment kit (StemCell Technologies, Cat. No. 14048). The method follows

negative selection protocol of monocytes using a cocktail of monoclonal antibodies that

target and deplete non-monocytic cells. Differential staining of the isolated monocytes

and flow cytometry for CD14 positive cells showed the monocytes preparation to have

>95% purity.

Cell culture and stimulation

PBMCs were re-suspended to a concentration of 2x106 cells/ml for cell culture and

stimulation. Unstimulated cells served as the negative control. TLR2 ligand N-palmitoyl-

S-[2, 3-bis(palmitoyloxy)-(2R)-propyl]-(R)-cysteine (Pam3Cys) {EMC Microcollections,

Germany} was used at concentrations of 100ng/ml.

RNA stabilization

RNA was stabilized by suspending the unstimulated or stimulated PBMCs in 200ul of

RNAse free PBS and 1ml RNAlater (Qiagen, Cat. No. 76104) per 107 cells. The

PAXgeneTM (Qiagen, Cat. No. 762164) tubes contain RNA stabilizing agent that

stabilizes RNA. Collection of blood in PAXgeneTM tube stabilizes RNA immediately on

blood collection and reduces the variability of RNA associated with RNA processing.
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RNA extraction from whole blood

RNA extraction from whole blood collected in PAXgeneTM Blood RNA tubes was

carried out using the RNA isolation protocol provided with the PAXgeneTM kit (Qiagen,

Cat. No. 762164). The PAXgene Blood RNA Kit is for the purification of total RNA

from 2.5 ml human whole blood collected in a PAXgene Blood RNA Tube. Purification

begins with a centrifugation step to pellet nucleic acids in the PAXgene Blood RNA

Tube. The pellet was washed and resuspended, and incubated in optimized buffers

together with proteinase K to bring about protein digestion. An additional centrifugation

through the PAXgene Shredder spin column was carried out to homogenize the cell

lysate and remove residual cell debris, and the supernatant of the flow-through fraction

was transferred to a fresh microcentrifuge tube. Ethanol was added to adjust binding

conditions, and the lysate was applied to a PAXgene RNA spin column. During a brief

centrifugation, RNA selectively binds to the PAXgene silica membrane as contaminants

pass through. Remaining contaminants were removed in several efficient wash steps.

Between the first and second wash steps, the membrane was treated with DNase I to

remove bound DNA. After the wash steps, RNA was eluted in Buffer BR5. Total RNA

purified using the PAXgene Blood RNA System was highly pure, with A260/A280 values

between 1.8 and 2.2. (Appendix B). 

 

RNA extraction from PBMCs, Monomac-6 cells and HeLa cells

Total RNA was obtained from PBMC samples as well as isolated monocytes and

monomac-6 cells. RNA was extracted using RNeasy Mini kit (Qiagen. Cat. No. 74104).
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The cells in RNA later were centrifuged at 1000x g for 10 minutes to obtain a cell pellet.

The cell pellet was re-suspended in Buffer RLT (supplied with the kit) and layered on a

Qiashredder spin column placed in a collection tube. The flow through was collected and

70% ethanol was added in equal volumes. The sample is then applied to an RNeasy mini

column placed in a collection tube. The flow-through in the collection tube after

centrifugation is discarded and the column is washed twice with buffer RW1 (supplied

with the kit). The column is then washed once with buffer RPE (supplied with the kit).

The RNA is eluted from the column using RNase free water. The RNA sample is stored

at -80°C. (Detailed protocol in the appendix)

cDNA preparation

cDNA was prepared from the 1ug of RNA using random primers instead of primers to

the polyA tail of mRNA as the TLR2 has very long introns. The presence of long introns

results in failure of generation of the first strand and subsequently TLR2 cDNA is not

generated. Random primers are short segments of single-stranded DNA (ssDNA) called

oligonucleotides consist of every possible combination of bases which means there must

be 48 = 65,536 different combinations in the mixture. Because every possible hexamer is

present, these primers can bind to any section of RNA to yield a complete set of cDNA.

The reverse transcription reactions to produce cDNA were set up with 1ug of RNA in a

final volume of 10ul. One ul of 150ng/ml random primers (Invitrogen, Cat. No. 48190-

011) and 1ul of 10 mM dNTPs (Invitrogen, Cat. No. 18427-088) were added to the
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reaction. The sample was heated at 65°C (heating block) for 5 minutes followed by ice

quenching for one minute. This was followed by addition of 4ul 5X first strand buffer,

2ul of 100 mM DTT and 1 ul of 40 U/ul Rnaseout (Supplied with Superscript II). The

sample was heated at 42°C (water bath) as the reverse transcriptase has maximum

activity at this temperature. Then 1ul of 200U/ul of Superscript II (Invitrogen Cat. No.

18080-093) was added and the sample is incubated at 25°C for 10 minutes followed by

incubation at 42°C (water bath) for 50 minutes and 70°C (heating block) for 15 minutes.

The cDNA is stored at -80°C until retrieval for PCR.

Two negative controls were set up with every reverse transcription experiment. The –RT

control reaction was run without the addition of reverse transcriptase. An amplification

product on PCR with –RT reaction indicates genomic DNA contamination. The –RNA

control reaction was run without the addition of RNA to the reaction. An amplification

product on PCR with –RNA reaction indicates reagent contamination.
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Reverse transcription PCR

A 50 ul PCR reaction was set up as follows:

TLR2 specific primers located in exon I (5'-GTGACTGCTCGGAGTTCTCCC-3') and

exon III (5'-GTCCATATTTCCCACTCTCAGG-3') were used for the PCR reaction. The

PCR cycling conditions were as follows:

β-actin was used as a housekeeping gene using primers from R&D systems (R&D

systems, Cat. No. RDP-38-025).
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The reaction was set up as follows:

The PCR cycling conditions were as follows:

15ul of the PCR product was loaded on a 2% agarose gel along with a 100bp ladder and

stained with ethidium bromide. The gel bands were visualization on a Dual UV

Illuminator and photographed using Kodak Digital Science 1D software program.

TOPO TA cloning and blue white screening for recombinant colonies

The PCR products generated with PCR specific primers were cloned in a TOPO TA

vector using TOPO TA cloning kit (Invitrogen, Cat. No. K4530-20) {Appendix B}. The

recombinant colonies with the PCR product inserts were picked with toothpicks and



87

sequenced in the Arizona Respiratory Center Sequencing lab. 96 recombinant colonies

from each sample were sequenced.

Sequencing data analysis (CLUSTAL alignments)

The sequencing data was analyzed using the sequence alignment tools available online

(http://workbench.sdsc.edu). The SDSC workbench alignment software allowed us to

identify variant sequences by aligning the unknown sequences with TLR2 reference

sequence obtained by sequencing studies from Dr. Klimecki (Arizona Respiratory

Center). Refer figure 29 for sequence alignment data.

5’-RLM-RACE-PCR

RNA Ligase Mediated Rapid Amplification of cDNA Ends (RLM-RACE) is a

polymerase chain reaction-based technique which facilitates the cloning of full-length

cDNA sequences when only a partial cDNA sequence is available. Ten micrograms of

total RNA from purified human PBMCs was used for cDNA synthesis with the First

Choice RLM-RACE kit (Ambion Cat. No. 1700). All the reagents required for the assay

are provided in the kit except for the TLR2 specific primers. The TLR2-specific primers

used to amplify full-length 5' cDNA fragments of human TLR2 were located in the third

exon and the sequences were as follows: hTLR2-OUT (5'-

AAGATCCTGAGCTGCCCTTGC-3'), hTLR2-IN (5'-CCAAGACCCACACCATCCAC-

3'). The forward primers were provided with the kit and their sequences were: 5' RACE

Outer Primer 10 µM 5'-GCTGATGGCGATGAATGAACACTG-3’ and 5' RACE Inner
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Primer 10 µM 5'-CGCGGATCCGAACACTGCGTTTGCTGGCTTTGATG-3. The assay

was performed according to the manufacturer’s instructions (Refer Appendix B for

detailed protocol). PCR products were cloned into TOPO TA vector (Invitrogen, Cat. No.

K4530-20) and inserts from 46 individual plasmid-containing bacterial colonies were

amplified by PCR and directly sequenced.
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Addition of Hind III and Nco I sites to the 5’UTR by reverse transcription

cDNA obtained from the PBMCs was used as a template for PCR using the following

TLR2 specific primers:

Name: F_TS6_H

Forward primer TS6 with Hind III

5'-AAGCTTCAGGCCGGCTCGGAGGCA-3' (Tm 77.28°C) 24bp

Name: R_TLR2_E

Reverse primer without Kozak and with Nco 1 (E)

5'-CCATGGATGTCCAGTGCTTCAACTGGGAGAACTCCGAG-3' (Tm 83.86°C) 38bp

Name: R_TLR2_A

Reverse primer without Kozak and with Nco 1 (A, B, D)

5'-CCATGGATGTCCAGTGCTTCAACCACAACTACC-3' (Tm 76.98°C) 33bp

The annealing temperature for the PCR was 63.2°C for 45secs. The entire amount of

PCR product was loaded on a 2% agarose gel along with a 100bp ladder and stained with

ethidium bromide. The gel bands were visualization on a Dual UV Illuminator and

photographed using Kodak Digital Science 1D software program (Figure 23).
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Figure 23: TLR2 5’ UTR RT-PCR with restriction sites.

Gel purification of 5’UTR

The 5’UTRs of variants A and E were gel purified using Spin-X tubes (Costar, Cat. No.

8160). Spin-X tubes are microcentrifuge tubes containing a 0.45- m filter insert. The PCR

product that was run on a 2% agarose gel (as described earlier) was cut out of the gel

piece and put into Spin-X tubes. The Spin-X tubes along with the gel piece were stored at

-80ºC for one hour after which the tubes were centrifuged at >8000 g. The PCR product

is eluted out in the collection tube while the filter insert retained the agarose.

TOPO TA cloning and sequencing of 5’UTR

The 5’UTRs of variants A and E were cloned in a TOPO TA vector using TOPO TA

cloning kit (Invitrogen, Cat. No. K4530-20). The recombinant colonies with the PCR

product inserts were picked for sequencing analysis. 46 recombinant colonies from each
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sample were sequenced. The sequencing data was analyzed using the sequence alignment

tools available online (http://workbench.sdsc.edu).

Maxiprep for TOPO TA clones with 5’UTR inserts

Colonies containing the inserts of interest were identified by sequencing studies. Selected

colonies were grown in LB broth followed by plasmid purification using Endotoxin free

Qiagen Maxiprep kit (Qiagen, Cat. No. 12181). Extractions were carried our according to

the manufacturers instructions (Appendix B).

Restriction digestion with Hind III and Nco I

The TOPO-TA vectors with 5’UTRs were subjected to Hind III and Nco 1 digestion for

12 hours at 37°C to yield the 5’UTRs of variants A and E.

Restriction digest was set up as follows:

The digest was run on 1% gel to separate the digested fragments (Figure 24). The bands

of interest were gel purified using Spin-X columns. pGL3 promoter vector (Promega,
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Cat. No. E1761) was also digested with Hind III and Nco 1 and the linearized vector

(sized 4980bp) was gel purified using SpinX column.

Figure 24: Restriction digestion of TOPO TA vectors with variant A and variant E inserts

with Nco 1 and Hind III.

Ligation of 5’UTR in pGL3 promoter vector

The 5’UTRs were ligated into pGL3 promoter vector which was linearized by Hind III

and Nco1 double digest. The ligation reaction was carried out using T4 ligase

(Invitrogen, Cat. No. 15224-017) at 14°C for 24 hours. The ligation was confirmed by

sequencing.



93

The ligation reaction was set up as follows:

HeLa cell culture

The human cervical carcinoma cell line HeLa was maintained in DMEM supplemented

with 10% FCS, L-glutamine, penicillin and streptomycin. Refer Appendix B for detailed

protocol.

Amplification of pGL3 promoter vector with 5’UTR inserts

Competent E.coli was transformed with the pGL3 pro -5’UTR and the transformed

bacteria were grown on a selective LB plate. The selective plates were incubated at 37ºC

overnight and a single colony was picked and inoculated in LB broth {with ampicillin

(1µg/ml) as a selective marker} as starter culture. The starter culture was incubated in a

shaker at 300rpm at 37ºC for 8 hours. The starter culture was used to inoculate 1000ml of

LB broth with ampicillin (1µg/ml) and grown overnight on shaker at 300 rpm at 37ºC.

This culture was used for plasmid purification using Endotoxin free Qiagen Plasmid Giga
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kit (Qiagen, Cat. No. 12191) according to the manufacturer’s instructions (Refer

Appendix).

Transient transfection assays

HeLa cells were cultured in DMEM supplemented with 10% FCS and L-glutamine in a

6-well plate to obtain 95% cell confluence. All transfections for HeLa cells were done

using LipofectamineTM2000 (cationic lipid formulation) (Invitrogen, Cat. No. 11668-019)

using the recommended protocol for Hela cell transfection by InvitrogenTM (refer

appendix for protocol). HeLa cells were transfected with plasmids containing GFP to

determine the transfection efficiency. For transfections with pGL3-promoter vector

constructs and pGL3-basic promoter vectors, molar equivalent amounts were used to

determine the amount of vector used for transfection. This is to ensure that approximately

the same number of plasmids was used for transfection. The molar equivalents of vectors

are calculated as follows:

Amount of ‘A’ plasmid (µg) = Amount of ‘B’ plasmid x Length of ‘A’ plasmid

Length of ‘B’ plasmid

The transfected cells were cultured in 6-well plates for 24 hours at 37ºC with 5% CO2

before harvesting the cells for dual luciferase assay.
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Sequence confirmation of 5’UTR-luciferase RNA transcripts

To confirm the expression of 5’UTR as a part of the luciferase transcripts, RNA was

extracted from the transfected HeLa cells, followed by cDNA preparation using protocols

described previously. The cDNA was used as template for PCR using the primers that

bind to the 5’UTR of TLR2. The primer sequences were as follows:

Forward primer 5'-AAGCTTCAGGCCGGCTCGGAGGCA-3'

Reverse primer: 5’-CTTTATGTTTTTGGCGTCTTCA-3’

The PCR cycling conditions were as follows:

The PCR product was cloned in the TOPO-TA vector and transformed into competent

E.coli as described previously. The recombinant colonies were identified by blue-white

screening, followed by sequencing of the TOPO-TA inserts (PCR product). The sequence

analysis using CLUSTAL alignment program confirmed that the TLR2 5’UTR was

expressed as a part of the transcript.

Dual luciferase assay

The harvested cell lysates were assayed for firefly and renilla luciferase activity using the

Dual-Luciferase Reporter Assay System (Promega) according to the manufacturer’s
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instructions (refer appendix B) on a Turner Designs TD-20/20 luminometer. Firefly

luciferase activity of individual transfections was normalized against renilla luciferase

activity. Average values from 5 different experiments were used to evaluate differences.

Statistical Analysis

The luciferase data was analyzed by non-parametric test (Kruskal Wallis Test) and a p

value of less than 0.05 was considered significant.
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CHAPTER 7

RESULTS

From Section 1 studies, receptor expression appeared to have regulatory mechanisms that

resulted in differences in TLR2 expression before and 24 hr after stimulation of

monocytes with specific ligand and with mitogen. The possibility was supported by a

report showing changes in mRNA by Haehnel et al33 upon stimulation, although mRNA

appeared to be increased in contrast to the decrease in protein expression. These

investigators also reported the presence of alternatively spliced forms of mRNA in human

monocytes. These results led to the studies described in this section to confirm the

existence of alternatively spliced forms of TLR2 mRNA (as reported by Haehnel et al33)

and address the possibility that alternatively spliced forms of mRNA might differ in their

rates of protein expression.

Identification of transcription start sites and full-length TLR2 transcripts

According to the sequences submitted to NCBI genome database, TLR2 gene was

composed of one non-coding exon and one coding exon. There was one report33 that

contradicted those findings and showed that the TLR2 gene is composed of two non-

coding exons and one coding exon. Before we could fully investigate the variability in

the 5’untranslated region (5’UTR) in RNA transcripts it was necessary to define the

5’UTR by determining the location and degree of variability in the transcription start

sites. The transcription start sites for the TLR2 transcripts were identified by 5’RLM-
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RACE. Total RNA from unstimulated PBMCs from one donor was used to identify

transcription start sites. The reverse primer was located in exon 3 (coding exon) and the

forward primer is complementary to the adaptor sequence that is ligated to the 5’end of

the mRNA (Figure 25a). The cDNAs obtained from PBMCs were used to perform PCR

using the outer primers (detailed protocol in methods section page 83). This PCR product

was then used as a template for nested PCR with the inner primer. The RACE nested

PCR product was visualized on a 2% agarose gel as shown in Figure 25b. The RACE

nested PCR product was then cloned and sequenced as described in the methods section.
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(Figure 25a)

(Figure 25b)

Figure 25: 5’ RACE PCR for TLR2. (25a) Primer positions for TLR2 specific 5’RACE.

Arrows in black indicate TLR2 specific primers. (25b) RACE PCR products were

visualized on 2% agarose gel with ethidium bromide.

Cloning and sequencing of the RT-PCR products identified 8 different transcription start

sites among 96 clones (Figure 26).
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________________________________________________________________________

Transcription direction →

TCCCGCACCCCAGAAGGAGGGGGCGCCCGGCCGCGCGGACTTT[TS1]CC[TS2]

CTTTTGCTTACTTC[TS3]CT[TS4]AGTCCCGGG[TS5]C[TS6]AGGCCGGCTCGGA

GGCA[TS7]GCGAGAAAGCGCAGCCAGGCGGCTGCTCGGCGTTCTCTCAG[TS8]

GTGACTGCTCGGAGTTCTCCCAG

[TS1] Transcription start site 1

[TS2] Transcription start site 2

[TS3] Transcription start site 3

[TS4] Transcription start site 4

[TS5] Transcription start site 5

[TS6] Transcription start site 6

[TS7] Transcription start site 7

[TS8] Transcription start site 8

________________________________________________________________________

Figure 26: Transcription start sites of TLR2. Eight transcription start (TS) sites were

identified and are indicated as TS1 to TS8. The first nucleotide transcribed for every TS

site is underlined.

The length of exon 1 varied between 23 bp to 108 bp depending on the usage of the

different transcription start sites. The frequency of usage of the eight transcription start
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sites is shown in Figure 27. Transcription start sites 5 and 6 (which differ in one

nucleotide) were used most frequently.

Figure 27: Frequency of usage of transcription start sites. 96 transcripts were sequenced

to identify transcription start sites used. TS5 and TS6 were the most frequently used

transcription start sites in this donor.

TLR2 splice variants

We determined the splice variant distribution in different donors and also examined for

TLR2 variants were several cell types {monocytes, PBMCs, HeLa cells (cervical

epithelial cell line) and monomac-6 (monocytic cell line)}. Blood samples were obtained

from healthy adult volunteers (22-50 years). The study design is indicated in Figure 28.

The cells were stored in RNA laterTM RNA stabilization reagent (Qiagen Cat. No. 76104)

to enable immediate preservation of gene expression pattern as RNA degradation may
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occur after harvesting the sample46. The RNA was extracted from the samples using

RNeasy Mini kit followed by RT-PCR as described in the methods section. Since the

5’UTR of TLR2 was defined by 5’RLM-RACE, the primers for reverse transcription

were designed such that the forward primer was located in the first exon (in region where

no variation was found as indicated by re-sequencing performed to identify the SNPs

indicated in Appendix A and confirmed by the 5’RACE study) and the reverse primer

was located in the third exon (a region of coding exon where no genetic variation has

been reported as indicated in Appendix A).

Figure 28: Schematic representation of the study design for TLR2 variant identification.
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CLUSTAL alignments

The CLUSTAL alignment software was used identify the variants by comparing it to

reference TLR2 sequence (provided by Dr Klimecki’s sequencing studies, Arizona

Respiratory Center). As shown in figure 29 a perfect nucleotide match is indicated by

blue * while a mismatch does not have a *.

variant_A TGACTGCTCGGAGTTCTCCCAGTTTCTCTTTTAACAGTGTTTGGTGTTGC
Contig31_uns0_complete. TGACTGCTCGGAGTTCTCCCAGTTTCTCTTTTAACAGTGTTTGGTGTTGC

**************************************************

variant_A AAGCAGGATCCAAAGGAGACCTATAGTGACTCCCAGGAGCTCTTAGTGAC
Contig31_uns0_complete. AAGCAGGATCCAAAGGAGACCTATAGTGACTCCCAGGAGCTCTTAGTGAC

**************************************************

variant_A CAAGTGAAGGTACCTGTGGGGCTCATTGTGCCCATTGCTCTTTCACTGCT
Contig31_uns0_complete. CAAGTGAAGGTACCTGTGGGGCTCATTGTGCCCAATGCTCTTTCACTGCT

********************************** ***************

variant_A TTCAACTGGTAGTTGTGG-TTGAAGCACTGGACAATGCCACATACTTTGT
Contig31_uns0_complete. TTCAACTGGTAGTTGTGGGTTGAAGCACTGGACAATGCCACATACTTTGT

****************** *******************************

Figure 29: Representative CLUSTAL alignment. TLR2 variants were identified by using

CLUSTAL alignment software. Two mismatches in the sequence are indicated in the

sequence alignment.

The identified sequences matched completely with the reference sequence most of the

time. There were some sequences which differed from the reference sequence by 3 or less

mismatches. These mismatches did not correspond to any of the identified TLR2

polymorphisms. The mismatches could be errors associated with enzyme fidelity used for

assays.
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Structural variation: multiple definitions of introns and exons within each subject

Initial gel electrophoresis separations of the RT-PCR products from mRNA obtained

from whole blood and PBMCs using primers targeting the exon 2 region of the TLR2

mRNA revealed at least two bands (Figure 30a and 30b), supporting the previous report

of multiple mRNA splice variants (Figure 31). But predicted size differences in variants

prevent RT-PCR from revealing the extent of possible variation. These studies reveal the

necessity for cloning and re-sequencing of the splice variants. Figure 30 also suggests

that the amounts and relative distribution of the variants differ among donors.
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(Figure 30a)

(Figure 30b)

Figure 30: Alternatively spliced variants of TLR2. (30a) TLR2 spliced variants from

whole blood from 15 different donors. (30b) TLR2 spliced variants from PBMCs from 15

different donors.
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Figure 31: Previously reported TLR2 mRNA variants. Alternative splicing of TLR2

mRNA results in variation in the exon2 (non-coding exon). The various parts of exon 2

that are included/excluded in the mature mRNA are indicated by blue, gray, purple and

green colors. The donor sites are indicated as D1, D2 and D3. The acceptor sites are

indicated as A1, A2, A3 and A4.

Cloning and sequencing of the TLR2 variants expressed in PBMCs from 10 of the

individual donors confirmed the five previously reported33 variants (A, B, C, D and E)

(Figure 31) and in addition five new variants were identified (F, G, H, I and J) (Figure

32). Some of these variants (H, I and J) used donor acceptor sites that were located in the

previously defined intronic regions, thus changing regions previously characterized as

intronic to non-coding exon for these transcripts.

Spliced variant A

Unspliced mRNA

D2-A4

D2-A4

D1-A4
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D3-A4

D3 A1 A2 A3 D1 D2 A4
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D3-A1

D3-A2
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D3-A3

Exon 1 Exon 3Exon 2Intron 1 Intron 2
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Figure 32: Novel alternatively spliced variants of TLR2 mRNA identified by sequencing

studies. The various parts of exon 2 that are included/excluded in the mature mRNA are

indicated by blue, gray, purple and green colors. Participating donor sites (D1-D4) and

acceptor sites (A1-A7) are indicated on the spliced mRNA. With the exception of variant

E, all of the TLR2 mRNA transcripts involve two splicing reactions to generate the final

transcript.

Revised TLR2 gene structure

The TLR2 gene therefore gives rise to mRNA with noncoding exons that appear to vary

between 2 and 4 non-coding exons together with a single coding exon (Figure 32).
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Figure 33: Revised structure of TLR2 gene. TLR2 gene is composed of four non-coding

exons (E1-E4) and one coding exon (E5). Two new non-coding exons (E3 and E4) were

identified.

The relative abundance of the variant transcripts for PBMCs from 10 donors is shown in

Table 6. The most abundantly expressed variants in unstimulated PBMCs differed among

the 10 individuals. Variant A was the most abundant transcript in 6 samples, E in 3

samples, and J in one sample. Purified monocytes from 3 donors revealed a similar

pattern of variant expression (Table 7), although variants I and J were not found. Variants

obtained from the Monomac-6 cell line also had a pattern like that of purified monocytes

except that variant E appeared to be less frequent. The expression of TLR2 variants in
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Hela cells in the order of abundance was A>B=C>G, with C more frequent than in

primary monocytes.

Table 6: TLR2 variant distribution in PBMCs from 10 different donors.
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Table 7: Variant expression in different cell sources. TLR2 variant distribution in

purified monocytes from 3 donors, monomac-6 (monocytic cell line) and Hela cells was

estimated.

The spliced variants were also examined in relation to the TS site used for that variant.

All variants used multiple TS site (except J where only one transcript was identified).

(Table 8).
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Table 8: TS site and variant splicing. Sequencing studies from one donor samples did not

identify any pattern suggestive of biased splicing of the variant depending on the choice

of TS site used.

Splice site signals

In alternative splicing there are multiple donor and acceptor sites that can participate in

splicing. The cloning and sequencing studies performed in this project have helped to

identify five donor and seven acceptor sites that participate in TLR2 mRNA splicing

(Figure 35). Some of these donor sites (or acceptor sites) appear to compete with each

other for usage in that more than one acceptor site is paired with the same donor site. For

example, in TLR2, acceptor sites A1, A2 or A3 may be paired with D3. Similarly D1 and

D2 donor sites may be paired with A4, A5, A6 or A7. The donor site and acceptor site
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sequences in TLR2 were compared with the consensus donor and acceptor sequences for

correlation of consensus sequence (Figure 35).

Figure 34: Consensus sequence for splice sites. The donor, acceptor and branch point

consensus sequences that participate in mRNA splicing are indicated in the figure.

The level of conformity was assessed for correlation with frequency of usage (Figure

35a). We found that D2 which is used more often than D1 had higher conformity with the

consensus sequence as compared to D1. In contrast, A2 which was more conserved than

A1 or A3 was not used more frequently than A1 or A3. Thus, the usage of competing

acceptor/donor sites did not show an obvious relation to the splice site conservation of the

consensus sequence.
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It has also been reported38 that there may be some splice sites that are not commonly used

and are called cryptic splice sites. The spliceosomes recruit cryptic sites in event of

disruption of the splice site sequences that are frequently used38. Computational analysis

of the TLR2 sequence predicted many more acceptor and donor site sequences than the

ones that were identified by our sequencing studies (Figure 35b).
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(Figure 35a)

(Figure 35b)

Figure 35: Acceptor and donor sites in TLR2 mRNA. The various parts of exon 2 that are

included/excluded in the mature mRNA are indicated by blue, gray, purple and green

colors. (35a) A comparison of donor site (D1-D5) sequences with the consensus

sequence. (35b) A comparison of acceptor site (A1-A7) sequences with the consensus
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sequence. A change in donor or acceptor sequence as compared with consensus sequence

is indicated in pink.

Splice sites and polymorphisms in TLR2 gene

Resequencing studies by Dr. Klimecki in the Arizona Respiratory Center have identified

111 SNPs in the TLR2 gene. These SNPs are primarily located in the intronic regions

(appendix A). For example, there were no SNPs located in exon 2. The SNPs identified in

the TLR2 gene do not change any of the acceptor or donor site sequences.

Modulation of luciferase gene expression by 5’UTRs of variants A and E

The 5’UTR of the variant A and variant E were compared for their capacity to alter

luciferase activity when the non-coding exon region of each was placed upstream of the

luciferase gene in pGL3 pro vectors. The protocols followed for making the pGL3pro

constructs are described in detail in the methods section.
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Figure 36: Schematic representation of HeLa cell transfection. The 5’UTR of variant A

and E was ligated upstream of luciferase gene in pGL3 pro vector. The vector construct

was used to transfect Hela cells along with renilla luciferase vectors as negatve controls.

The cell lysates were used for assaying luciferase activity after 24 hours of cell culture.

The efficiency of transfection into HeLa cells was tested by transfecting HeLa cells with

a GFP reporter vector. The transfection efficiency was estimated by flow cytometry and

was found to be 80% (Figure 36).
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Figure 37: GFP transfected Hela cells. The Hela cells were efficiently transfected by

lipofectamine as indicated by the green florescence in the photograph.

The luciferase gene has a Kozak sequence near the first coding ATG while the TLR2

gene does not have Kozak sequence. The Kozak sequence may be required for translation

of the luciferase transcripts. Therefore in addition to the 5’UTR E - pGL3pro and 5’UTR

A - pGL3pro, constructs were made retaining the Kozak sequence near the first coding

ATG of luciferase gene (5’UTR A- Kozak - pGL3pro and 5’UTR A-Kozak- pGL3pro).

Luciferase activity of the four constructs and basic pGL3 were tested in 5 separate

experiments. The relative luciferase activity of 5’UTR E - pGL3pro was consistently

greater than 5’UTR A - pGL3pro in each of the five experiments and the mean values for

5’UTR E-pGL3pro was greater than 5’UTR E-pCL3pro (Figure 38). Both A and E pGL3

pro constructs showed significantly increased relative luciferase activity as compared to
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pGL3 promoter vector. The luciferase activity of constructs with Kozak sequence was not

significantly different from those without the Kozak sequence.

Figure 38: Relative luciferase activity of luciferase constructs with TLR2 5’UTR.

RLA=Luc/Ren X Ren mean. SEM values were negative control (2.4), pGL3pro (518.3),

pGL3 variant A (615.4) and pGL3 variant E (1044.68). * p<0.05 over pGL3pro, **

p<0.05 over pGL3 variant A

Variant expression after TLR2 specific stimulation

Although RT-PCR can be regarded as only semi-quantitative, TLR2 mRNA expression

appeared to be increased within 4 hours of stimulation of PBMCs with the synthetic

TLR2 agonist Pam3Cys when compared to unstimulated PBMCs (Figure 39).
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Figure 39: TLR2 mRNA in unstimulated and stimulated PBMCs at time points indicated.

(a) RT-PCR product of TLR2 and (b) β-actin in PBMCs at different time points.

The results also show that variant E expression was down regulated in both unstimulated

and stimulated cells within 4 hours of incubation. TOPO-TA cloning and sequencing of

the TLR2 mRNA in unstimulated and Pam3Cys stimulated PBMCs revealed that the

distribution of variants in the stimulated and unstimulated cells after 4 hours of

incubation were very similar (Table 9). Thus ligand stimulation appeared to increase

mRNA amounts without affecting the splice variant distribution to a degree that differed

from that occurring in unstimulated cells cultured for the same time period.
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Table 9: Variant distribution in PBMCs stimulated with Pam3Cys for 4 hours.
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CHAPTER 8

DISCUSSION

The stimulation studies (Section 1) showed that TLR2 protein expression was influenced

by ligand or mitogen stimulation of adult mononuclear cells. Transcriptional regulation

was one of the possible mechanisms for regulation of TLR2 protein expression. TLR2

mRNA was reported to express alternatively spliced variants in monocytes33. Since the

possibility of alternative splicing in 5’UTR has been shown35, 36 to be capable of affecting

transcription, this finding led us to question whether TLR2 protein expression was

regulated by mRNA splice variants. In this study we investigated the extent of variation

in alternative splicing of TLR2 mRNA in the 5’UTR and began studies to determine the

role of that variation in TLR2 protein expression. Before we could address the role of

alternative splicing of TLR2 transcripts on TLR2 protein expression, we had to clearly

define the 5’UTR of the TLR2 transcripts. Therefore our initial objective was to identify

the TLR2 transcription start sites and splice sites involved in the making of TLR2

transcript variants in human monocytes and PBMCs.

TLR2 transcription start sites (TSS)

We started our investigation by identifying the 5’ full length transcripts of TLR2 by

RLM-RACE. As shown in Figure 26, eight TSS were identified for the TLR2 transcripts

from the PBMCs of a single donor. These start sites thus provided TLR2 mRNA

variation by altering the length of exon 1 (23-108 bp), depending on which TSS was
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used. The 5’cap of transcripts is known to be added after the first 25 nucleotides of the

transcript are assembled. The cap dependent complex (CDC) assembles on the 5’cap and

participates in the export of mRNA from nucleus to the cytoplasm and aids in the

assembly of translation initiation complex. Whether this variation in the transcription

initiation sites that results in marked changes in the length of exon 1 has any impact on

TLR2 mRNA transport and translation remains to be seen. As shown in Table 8,

however, we could not identify any pattern suggestive of biased splicing of the variants

depending on the choice of TSS used, among the 94 splice variants cloned and

sequenced.

One caveat of the 5’RACE studies is that the results are dependent on the Taq

polymerase activity and therefore the identification of long transcripts (over 5kb length)

may not be identified. Therefore to address the possibility of promoters further upstream

of the TSS identified by 5’RACE, additional studies need to be carried out using

techniques such as Northern Blot analysis. In addition, other cells and tissues need to be

analyzed as usage of alternative promoters could be tissue specific.

Structural variation: multiple definitions of introns and exons within each subject

The presence of splice variants in the 5’UTR of TLR2 obtained from unstimulated

PBMCs, purified monocytes, and in the cell lines monomac-6 as reported by Haehnel et

al33 was confirmed in our studies first by RT-PCR studies and also by cloning and

sequencing of the individual variants. In addition, HeLa cells were shown to express
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TLR2 spliced variants. Sequencing revealed identical matches to the 5 reported by

Haehnel et al33. The occurrence and distribution of the spliced variants differed by

different donors. Sequencing studies using RNA extracts of PBMCs from 10 donors

identified 5 more variants in addition to the variants reported by Haehnel et al 33. In each

of these donors, multiple transcripts were simultaneously detectable. Some of these

transcripts retained previous regions identified as intronic (i.e. regions spliced out prior to

translation). Thus, from our sequencing studies, we propose a revised TLR2 gene

structure (Figure 33) that increases the possible number of non-coding exons and

emphasizes that TLR2 mRNAs under any given set of conditions include several

different intron/exon structures. Our incubation and ligand stimulation studies revealed

that the proportions of these structures can dynamically change in distribution as

conditions change.

These data emphasize the disparities that can occur with gene mapping studies using

solely genomic approaches and/or incomplete functional studies. Alternative splicing

complicates the definition of introns and exons. Thus, RNA studies that are optimally

comprehensive are needed to provide an ideal level of resolution for gene maps and a full

appreciation of the extent of variation in sequence that exists.

Splice variant distributions appeared also to differ by cell types (monocytes, PBMCs,

monomac-6 and Hela). While Hela cells did not show any variant E expression and

monomac-6 cells expression of variant E was low, the majority of PBMC samples had
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greater expression of this variant. The variant distribution of the other variants was

relatively similar in PBMCs, monocytes and monomac-6 cells except for one donor

(donor 6) in which the primary variant expressed was J. Further studies such as

quantitative analysis of variant distribution by real time PCR in a larger sample group are

needed to determine more precisely the frequency of this pattern.

Structural variation: acceptor and donor sites

Our sequencing data allowed us to identify novel splice sites. Five donor sites (2 novel

sites identified) and seven acceptor sites (3 novel sites identified) participated in the

alternative splicing of TLR2 transcripts. In addition, we discovered that some donor and

acceptor sites were more frequently used than others. To determine if splice sites that

most closely matched the purported ideal splice site37 were those most frequently used,

we compared the TLR2 splice site sequence with the consensus splice site sequence for

correlation of consensus sequence conformity to frequency of usage. We did not find a

direct relation between splice site sequence conservation and frequency of usage. The

role of multiple acceptor, donor sites and cryptic sites is unknown, although it might be to

provide alternative ways to generate functional transcripts in event mutations in the

commonly used splice sites lead to their disruption. The 110 SNPs identified to date do

not fall on any of the splice sites that were involved in generating the alternatively spliced

TLR2 variants.
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The variant distributions appeared also to differ by cell types (monocytes, PBMCs,

monomac-6 and Hela). While Hela cells did not show any variant E expression and

monomac-6 cells expression of variant E was low, the majority of PBMC samples had

greater expression of this variant. The variant distribution of the other variants was

relatively similar in PBMCs, monocytes and monomac-6 cells except for one donor

(donor 6) in which the primary variant expressed was J. Further studies are needed to

determine more precisely the frequency of this pattern. Nevertheless, it remains a

possibility that SNPs in the vicinity could affect the binding of some of the splicing

proteins. Further investigation is needed to define the role of these SNPs in the regulation

of alternative splicing of TLR2.

Splice sites and polymorphisms in TLR2 gene

The SNP data (Appendix A) have shown that there are no SNPs in the acceptor and donor

sites. Nevertheless, it remains a possibility that SNPs in the vicinity could affect the

binding of some of the splicing proteins. Further investigation is needed to define the role

of these SNPs in the regulation of alternative splicing of TLR2.

Function of splice variants: comparing the capacity of transfected variant TLR2 5’UTRs

to promote luciferase activity

Analyzing variant expression in 10 individuals showed that variants A (exon 1 + exon 2 +

coding exon) and E (exon 1 + coding exon) are both commonly expressed variants.

Variant E differs from variant A by being 146 bp shorter than variant A. We prepared
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constructs containing each of these variants placed 5’ to the luciferase gene in a

commonly used expression vector. We evaluated the impact of the 5’UTR of A and E on

luciferase gene expression in Hela cells. These cells express TLR2 transcripts as shown

by RT-PCR (Table 7) and thus have the splicing mechanisms/factors necessary for

alternative splicing of TLR2 transcripts. Our studies indicated that Hela cells transfected

with the 5’UTR of either variant significantly increased luciferase activity and that

variant E had significantly more luciferase activity than the 5’UTR of A. To confirm that

the 5’UTR sequences were functioning as expected, we confirmed the expression of

5’UTR E and A as a part of the luciferase transcript by RT-PCR. The increased luciferase

activity could be due to transcriptional or translational differences in the transcripts. The

luciferase gene translation was not impacted by the absence of Kozak sequence. Studies

such as real time PCR assay for quantitative determination of luciferase transcripts would

help estimate transcriptional differences between UTRs of variant A and variant E.

Rabbit reticulocyte assay for determining the translational differences between 5’UTR of

variant A and variant E would also further our understanding of the mechanisms

contributing to differences in luciferase activity.

Function In Vitro

A recent study has suggested that TLR2 protein expression on PBMCs is higher among

farm-exposed children compared to non-farm exposed-children, suggesting that exposure

may affect expression level. Our own studies with in vitro stimulation suggested that the

immediate result was to downregulate protein expression. We investigated whether the
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mRNA splice variant distribution changed after stimulation with TLR2 specific

stimulation. Our hypothesis was that if alternative splicing was used as a mechanism to

regulate TLR2 expression and if the variants differed in their translational efficiencies

there would be a switch in the variant distribution to regulate the TLR2 surface

expression. Variant distribution after 4 hours of stimulation did change such that variant

E was reduced compared to variant A. However, unstimulated cells revealed a similar

change after culture for the same length of time. At this point, we cannot rule out a form

of activation of monocytes related to interaction with the culture tube wall. From our

initial RT-PCR studies, it appears that the overall amount of TLR2 mRNA increases with

stimulation, however, variant E increased to a similar degree all forms of the mRNA

present after the vessel contact activation. Nevertheless, it may be that (as in farmer

children) mRNA may increase with exposure but if accompanied by altered pattern of

splice variants protein expression may differ and may even be decreased.

Summary Part 2

In summary, this study extended our knowledge of the degree of variation in sequence

that occurs in the 5’UTR of TLR2 mRNA transcripts from human peripheral blood

mononuclear cells and found that variation in TSS further contributed to mRNA

variation. 8 transcription initiation sites were identified that resulted in the variation of

exon 1 length in TLR2 transcripts. Our sequencing studies also showed that the TLR2

gene is composed of 5 exons (4 non-coding exons + 1 coding exon). There are at least 10

alternatively spliced variants of TLR2 mRNA which vary in the 5’UTR and varying
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numbers of these variants can be expressed simultaneously in monocytes, monomac-6

and HeLa cells. Studies in purified monocytes verified that splice variants occur within a

single cell type . It was shown that there is a dynamic shift in the variant distribution just

with time in culture. There is considerable variation among donor and acceptor site

sequences as compared to the consensus sequence and thus it is difficult to predict

acceptor and donor sites based on the gene sequence. The variability of the splice site

sequences also suggests that other factors such as sequence surrounding the splice site

sequence may be involved in the recognition of the splice sites. Our studies demonstrate

that at least two of the different splice variants differ in their capacity to which they

modulate the rate of protein expression.
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Summary Part 1 and Part 2

Our results indicate that TLR2 expression on monocytes is modulated by various factors

such as genetic polymorphisms, type and dose of ligand and window of exposure (as

indicated by age related differences in TLR2 expression). Alternative splicing of TLR2

mRNA adds another layer of complexity to the regulation of TLR2 expression. As

indicated by the luciferase assay, variation in the 5’UTR of TLR2 mRNA can influence

the protein expression. As compared to the 5’UTR of variant A, variant E 5’UTR

increased the protein expression of luciferase gene. As indicated by reverse-transcription

PCR (semi-quantitative), stimulation with TLR2 specific ligand resulted in an increase in

the TLR2 mRNA. Sequencing studies indicated a decrease in variant E expression in both

stimulated and unstimulated control. TLR2 protein studies showed that there was down-

regulation of TLR2 protein expression after stimulation with TLR2 specific ligand. Based

on these results we propose a hypothetical model for TLR2 expression on human

monocytes (Figure 40). TLR2 expression is modulated by various factors that may be

interacting to establish the receptor density on cell surface. Down-regulation of TLR2

expression through complex gene-environment interactions may play a role in the

decreased susceptibility to asthma and allergies.
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Figure 40: Hypothetical model of factors influencing TLR2 expression on human

monocytes.



131

APPENDIX A
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APPENDIX B

DNA EXTRACTION PROTOCOL FOR 1-10 ML WHOLE BLOOD

Protocol from Qiagen Flexigene Kit #51206

QIAGEN Protease stock solution

Add 1.4 ml Buffer FG3 (Hydration Buffer) to the lyophilized QIAGEN Protease in the

250 ml Flexigene Kit. Dissolved QIAGEN Protease should be stored in aliquots (25ul,

45ul, & 65ul) at -20°C, or in the original bottle in the refrigerator at 4°C if it is going to

be used in a short period of time (eg. Three days).

Buffer FG2/QIAGEN Protease mixture

Calculate the total volume of blood to be processed. For every 1 ml blood, mix together

500 µl Buffer FG2 (Denaturation Buffer) and 5 µl reconstituted QIAGEN Protease. The

Buffer FG2/QIAGEN Protease mixture should be prepared immediately before step #4 of

the extraction procedure.

NOTE: Do not prepare this solution well in advance, because the protease (enzyme) will

lose its activity, and the extraction procedure will not work.

Example of Calculation for this solution: 5ml blood x 500ul = 2500ul Buffer FG2

5ml blood x 5ul = 25µl qiagen protease
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Important notes before starting

• Turn on the 65°C water bath before starting the procedure to allow it to warm up

for use in steps 5 and 13.

• Be sure that all of your solutions are easily accessible to make the procedure run

more efficiently.

• Remember the following conversion: 1ml = 1000ul (it will help with your

calculations)

• Frozen blood should be thawed quickly in a 37°C water bath with mild agitation

and stored on ice before beginning the procedure.

• All centrifugation steps should be carried out at room temperature in a swing-out

rotor, using conical tubes.

Table 1. Reagent volumes for 1-10ml whole blood

Blood volume (ml)

Reagent volumes (ml) 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10

Buffer FG1 2.5 5.0 7.5 10 12.5 15 17.5 20 22.5 25

Buffer FG2/ Protease 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

100% isopropanol 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

70% ethanol 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0

Buffer FG3 0.4 0.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6 4.0
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Before beginning the DNA extraction, the lab technician must log in all samples to be

extracted using the Genlab database. Refer to the “Extractions” Portion of the Asthma

Genetics Laboratory (AGL) Database User Manual by looking at the table of contents:

http://www.resp-sci.arizona.edu/~labdocs/AGL_User_manual.pdf

Blood Spots (FTA Micro Cards)

NOTE: Before starting extraction proceedure, you must make a spot of each blood

sample on a pre-barcoded FTA Micro Card, which are kept for future reference incase of

loss or mix-up of DNA.

1. Take out corresponding number (depends on how many bloods you are processing) of

barcoded FTA Micro Cards and number them with Extraction ID number (eg.,

1,2,3,4…etc. )

2. Using a pipet with wide-orfice tips, pipet about 30 ul of blood onto the designated

circle on each card.

3. Allow cards to dry for about 30 minutes.

4. Must log in all barcoded FTA Micro Cards using the Genlab database. Refer to

the “Extractions” Portion of the Asthma Genetics Laboratory (AGL) Database

User Manual by looking at the table of contents:

http://www.arc.arizona.edu/~labdocs/AGL_User_manual.pdf
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5. Collect cards in order and put into appropriate pouch. NOTE: About 40 FTA

Micro Cards can fit in one pouch.

6. Write extraction date on pouch.

7. Seal pouch if there are 40 cards inside and put away.

Protocol for Isolation of DNA from1-10ml Whole Blood

NOTE: Adjust buffer amounts, etc. by referring to the chart above if you are extracting

different amounts of blood.

1. Using the seri-pipettor in the hood, pipet 7.5 ml Buffer FG1 into a 15 ml conical

centrifuge tube containing 3 ml whole blood. Mix by slowly inverting the tube 5

times.

2. Centrifuge for 5 min at 2000 x g (program 1) in a swing-out rotor Sorvall Legend T

with 15 ml tube adaptors and biocontainment lids.

3. Discard the supernatant and leave the tube inverted on a clean piece of absorbent paper

for 2 min, taking care that the pellet remains in the tube.

Note: In rare cases the pellet may be loose, so pour slowly. Inverting the tube on

absorbent paper minimizes backflow of supernatant from the rim and sides of the
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tube onto the pellet. If the blood samples are 1-2 years old, watch the pellet closely--

it will be very loose. If this is the case, spin the tubes at 2000 X g for a longer period

of time (5-7 minutes), then SLOWLY pour off the supernatant, and do not invert the

tube. You may also notice that when the tubes are upside down after letting the

excess supernatant drain, the pellet may start sliding down the side of the tube. In

this case, turn the tube right side up. Keep close watch on all tubes to ensure you do

not loose the pellet.

4. Add 1.5ml Buffer FG2/QIAGEN Protease (see Preparation of reagents), close the tube,

and vortex immediately until the pellet is completely homogenized. Inspect the tube

to check that homogenization is complete.

Note: When processing multiple samples, vortex each tube immediately after

addition of Buffer FG2/QIAGEN Protease. Do not wait until buffer has been added

to all samples before vortexing. Usually 3-4 bursts of high-speed vortexing for 5 s

each are sufficient to homogenize the pellet. However, traces of pellet with a jelly-

like consistency (often barely visible) may remain. If these traces are seen, add 300

ul of Buffer FG2 and vortex again.

5. Invert the tube 3 times, place it in the 65°C water bath, and incubate for 10 min.

Note: The sample changes color from red to olive, indicating protein digestion. If

you leave the tube in the water bath for a little longer than 10 minutes, do not worry.

Proceed with the procedure as normal.
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6. Add 1.5 ml of 100% isopropanol and mix thoroughly by inversion until the DNA

precipitate becomes visible as threads or a clump.

Note: Complete mixing with isopropanol is vital to precipitate the DNA and

should be checked by inspection. For samples with very low white blood cell counts,

in which the DNA may not be visible, invert the tube at least 20 times.

7. Centrifuge for 3 min at 2000 x g.

8. Discard the supernatant and briefly invert the tube on a clean piece of absorbent

paper, taking care that the pellet remains in the tube.

Note: In rare cases the pellet may be loose, so pour slowly. If the white blood cell

count of the sample was sufficiently high, the DNA should be visible as a small

white pellet. If you notice that the pellet is loose, repeat step 7.

9. Add 5.0 ml 70% ethanol and vortex for 5 s. This step washes the DNA pellet.

10. Centrifuge for 3 min at 2000 x g.

Note: After the pellet is washed and centrifuged, it is often clear and difficult to

see. Be aware of this during the next step when you pour the supernatant off.
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11. Discard the supernatant very carefully and leave the tube inverted on a clean piece of

absorbent paper for at least 5 min, taking care that the pellet remains in the tube.

Note: The pellet may be loose, so pour slowly. If this is the case, centrifugation

can be prolonged or a higher g-force can be used. Inverting the tube onto absorbent

paper minimizes backflow of ethanol from the rim and sides of the tube onto the

pellet.

12. Air-dry the DNA pellet for 5 min until all the liquid has evaporated. While you are

waiting for the ethanol to evaporate, Use a Kim Wipe to dry the inside of each tube

without disturbing away the DNA pellet. Make sure that you use a different Kim

Wipe for each tube of DNA to prevent DNA contamination.

Note: Avoid over-drying the DNA pellet, since over-dried DNA is very difficult to

dissolve.

13. Add 1.2 ml (or 1200ul) Buffer FG3, vortex for 5 s at low speed, and dissolve the

DNA by incubating for 1 h at 65°C in a water bath. After incubating, you can leave

the DNA tubes on the lab bench overnight at room temperature if you desire.

14. Vortex each tube, centrifuge 2000 x g briefly (or increase the time for 20 tubes) and

transfer to 2 ml bar coded screw top tube.
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Note: If the DNA is not completely dissolved, incubate the solution overnight at

room temperature. If only a small amount of DNA is present (eg. The pellet was not

visible), dilute to half volume (600 ul).

15. Now that all samples of DNA are extracted and transferred to bar coded tubes, refer

to the AGL Database User Manual:

http://www.respsci.arizona.edu/~labdocs/AGL_User_manual.pdf to enter final DNA

volumes, to scan extracted DNA tube barcodes, and to assign locations for DNA

tubes.

16. From the current extraction set, select one DNA tube with highest volume from each

extraction ID, and set it aside in a Quant Rack. These tubes of DNA will be

quantitated so that we have specific concentrations on them. Refer to the

“Quantitations” portion of the Database User Manual.
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Setting Up the TOPO® Cloning Reaction

(Protocol from Invitrogen)

1. Mix reaction gently and incubate for 5 minutes at room temperature (22-23°C).

Note: For most applications, 5 minutes will yield plenty of colonies for

analysis. Depending on your needs, the length of the TOPO® Cloning reaction

can be varied from 30 seconds to 30 minutes. For routine subcloning of PCR

products, 30 seconds may be sufficient. For large PCR products (> 1 kb) or if

you are TOPO® Cloning a pool of PCR products, increasing the reaction time

will yield more colonies.

2. Place the reaction on ice and proceed to General Guidelines for Transforming

Competent Cells, next page.

Note: You may store the TOPO® Cloning reaction at -20°C overnight.
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HeLa cell culture and maintenance

The recommended media for HeLa cells is DMEM (high glucose), from

GIBCO, catalog numbers 11960-044 ($13.80, without glutamine), or catalog number

10566-016 ($15.30, containing GlutaMAX, a synthetic glutamine). They may have either

one of these in the Invitrogen core. Then add pen/strep, and if needed glutamine. Also

add 10% FCS (Fetal Calf Serum, I would recommend Hyclone, but any FCS will work).

Preparation of DMEM supplemented with FBS and pen/strep:

Thaw a 50 ml aliquot of FCS or FBS about 40 minutes ahead of time in the water bath.

Warm (37 degree water bath) the DMEM about 20-30 minutes before it is needed.

Thaw and vortex 100 X pen/strep/glutamine (100X) until in solution and place it on ice.

The medium is prepared by mixing the following ingredients:

500 ml DMEM

5 ml Pen/strp/glutamine (100X)

50 ml FBS/FCS

Filter all these ingredients through a 500 ml filter unit (0.2 micron) and swirl to mix.
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Hela cell culture

Note: DMEM in the protocol refers to DMEM supplemented with FBS and

pen/strep/glutamine.

Transport the frozen Hela cells on ice.

Quickly thaw the cells in a water bath at 37 degrees

Immediately transfer cells to a sterile 50 ml tube with 15 ml DMEM (pre warmed at 37

degrees)

Centrifuge at 1200 rpm for 10 minutes

Discard the supernatant

Resuspend the cells in DMEM to get a final concentration of 1 million cells per ml.

Inoculate 1 ml of this cell suspension (1 million cells per ml) in 15 ml of DMEM in a 75

cm2 culture flask

Ensure that the cells were inoculated in the culture flask by observing the cells under the

microscope.

Incubate culture flask at 37 degrees

Ensure that the flask that the flask cap is loosely open

Cell growth in the form of a monolayer is observed after 24 hours of incubation.

Change medium every 2 days

Cells must be trypsinized and reinoculated after a confluent growth is obtained.
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Trypsinization of cells (cell splitting)

Cell splitting or trypsinization is done after a confluent layer of cell growth is obtained.

(Confluent growth: Cells stick side by side. There are no/very few empty pockets devoid

of cell growth)

Aspirate the culture medium

Wash the cell layer with 15 ml of pre warmed DMEM without FBS. FBS inhibits trypsin.

Add 1.5 ml of 2.5% (1:10) trypsin and incubate at 37 degrees for approximately 3 mins or

till the cells are no longer adherent to the flask. Loosen the cells by gently tapping the

flask. Observe the cells under the microscope.

Add 15 ml DMEM supplemented with FBS and pen/strep/glut

Centrifuge at 1800 rpm for 10 mins

Resuspend the cells to a concentration of 1 million cells/ml

Inoculate 1 ml of this culture suspension to 15 ml DMEM supplemented

With FBS and pen/strep/glut.

Freezing cells

DMEM with FBS and pen/strep/glutamine is supplemented with DMSO to a

concentration of 10%, and filter sterilized with a syringe filter unit (the media must be

mixed with the DMSO before filtering).

Cells are frozen at a concentration of 2-4 million cells per ml.
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Adjust the cell concentration to 2 million cells per ml using X ml of DMEM

(supplemented with FBS and pen/strp/glut).

Add chilled DMEM (with 10% DMSO) to this culture suspension dropwise.

Aliquot 2 ml in freezing vials

Store in pre chilled freezing boxes with isopropelene at -80 degrees overnight.

The samples are then transferred to -140 degrees freezer for long term storage.
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Dual luciferase assay protocol for adherent cells

Preparation for assay

• Bring LARII and Stop and Glo solution to room temperature for assay.

• Warm up DMEM with FBS and DMEM without FBS and antibiotic to 37ºC.

• Chill PBS

1. Remove media from the 6-well plates and add 2 ml of media without FBS and

antibiotic.

2. Aspirate the media and add 400ul of trypsin. Incubate plate at 37ºC for 3 minutes.

Add DMEM with FBS (no antibiotic) to inactivate trypsin. Transfer the cells to a

15ml tube.

3. Centrifuge the transferred cells at 1000rpm for 5 minutes at RT. Aspirate

supernatant.

4. Add 5 ml of sterile cold PBS in the well and mix by pipetting up and down.

Transfer PBS from the well to cell pellet in step 2.

5. Centrifuge at 1000rpm for 5 minutes at RT. Aspirate supernatant.

6. Add 100ul PBL (lysis buffer) to the pellet. Mix thoroughly. Incubate at RT for 30

minutes.

7. Switch on the luminometer.
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8. Thaw out LARII and prepare stop and glo reagent 5 mins before the 30 mins

incubation ends. Add 100ul LARII into a luminometer tube. Prepare 150ul of

Stop&Glo Reagent in a glass tube.

9. After 30 minute incubation is completed, transfer 20 ul (use more or less

depending on read out) of cell lysate to luminometer tube with LARII. Mix

thoroughly by pipetting up and down 20 times. Do not vortex. Store the remainder

of lysate at -20ºC for BCA protein assay.

10. Put the luminometer tube in the luminometer and press GO button. If the readings

are too high or low use less or more lysate respectively.

11. Dispense 100 ul Stop& Glo reagent. Measure renilla luciferase activity.

1X Stop & Glo

2ul substrate + 100ul buffer
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Purification of total RNA from human whole blood collected into PAXgene blood RNA

tubes

(Protocol from Qiagen PreAnalytiX Cat. No. 762164)

Procedure:

1. Centrifuge the PAXgene Blood RNA Tube for 10 minutes at 3000–5000 x g using a

swing-out rotor.

2. Remove the supernatant by decanting or pipetting. Add 4 ml RNase-free water to

the pellet, and close the tube using a fresh secondary Hemogard closure.

3. Vortex until the pellet is visibly dissolved, and centrifuge for 10 minutes at 3000–5000

x g using a swing-out rotor. Remove and discard the entire supernatant.

4. Add 350 µl Buffer BR1, and vortex until the pellet is visibly dissolved.

5. Pipet the sample into a 1.5 ml microcentrifuge tube. Add 300 µl Buffer BR2 and 40 µl

proteinase K. Mix by vortexing for 5 seconds, and incubate for 10 minutes at 55°C using

a shaker–incubator at 400–1400 rpm. After incubation, set the temperature of the shaker–

incubator to 65°C (for step 20).

6. Pipet the lysate directly into a PAXgene Shredder spin column (lilac) placed in a 2 ml

processing tube, and centrifuge for 3 minutes at maximum speed (but not to exceed

20,000 x g).

7. Carefully transfer the entire supernatant of the flow-through fraction to a fresh 1.5 ml

microcentrifuge tube without disturbing the pellet in the processing tube.

8. Add 350 µl ethanol (96–100%, purity grade p.a.). Mix by vortexing, and centrifuge

briefly (1–2 seconds at 500–1000 x g) to remove drops from the inside of the tube lid.
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9. Pipet 700 µl sample into the PAXgene RNA spin column (red) placed in a 2 ml

processing tube, and centrifuge for 1 minute at 8000–20,000 x g. Place the spin column in

a new 2 ml processing tube, and discard the old processing tube containing flow-through.

10. Pipet the remaining sample into the PAXgene RNA spin column, and centrifuge for 1

minute at 8000–20,000 x g. Place the spin column in a new 2 ml processing tube, and

discard the old processing tube containing flow-through.

11. Pipet 350 µl Buffer BR3 into the PAXgene RNA spin column. Centrifuge for 1

minute at 8000–20,000 x g. Place the spin column in a new 2 ml processing tube, and

discard the old processing tube containing flow-through.

12. Add 10 µl DNase I stock solution to 70 µl Buffer RDD in a 1.5 ml microcentrifuge

tube. Mix by gently flicking the tube, and centrifuge briefly to collect residual liquid from

the sides of the tube.

13. Pipet the DNase I incubation mix (80 µl) directly onto the PAXgene RNA spin

column membrane, and place on the benchtop (20–30°C) for 15 minutes.

14. Pipet 350 µl Buffer BR3 into the PAXgene RNA spin column, and centrifuge for 1

minute at 8000–20,000 x g. Place the spin column in a new 2 ml processing tube, and

discard the old processing tube containing flow-through. Pipet 500 µl Buffer BR4 to the

PAXgene RNA spin column, and centrifuge for 1 minute at 8000–20,000 x g. Place the

spin column in a new 2 ml processing tube, and discard the old processing tube

containing flow-through.

16. Add another 500 µl Buffer BR4 to the PAXgene RNA spin column. Centrifuge for 3

minutes at 8000–20,000 x g.
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17. Discard the tube containing the flow-through, and place the PAXgene RNA spin

column in a new 2 ml processing tube. Centrifuge for 1 minute at 8000–20,000 x g.

18. Discard the tube containing the flow-through. Place the PAXgene RNA spin column

in a 1.5 ml microcentrifuge tube, and pipet 40 µl Buffer BR5 directly onto the PAXgene

RNA spin column membrane. Centrifuge for 1 minute at 8000–20,000 x g to elute the

RNA.

19. Repeat the elution step (step 18) as described, using 40 µl Buffer BR5 and the same

microcentrifuge tube.

20. Incubate the eluate for 5 minutes at 65°C in the shaker–incubator (from step 5)

without shaking. After incubation, chill immediately on ice.

21. If the RNA samples will not be used immediately, store at –20°C or –70°C. Since the

RNA remains denatured after repeated freezing and thawing, it is not necessary to repeat

the incubation at 65°C. If using the RNA samples in a diagnostic assay, follow the

instructions supplied by the manufacturer.
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Purification of total RNA from animal cells using spin technology

(Protocol from Qiagen RNeasy Mini Kit Cat. No. 74124)

Procedure

1. Harvest cells according to step 1a or 1b.

1a. Cells grown in suspension (do not use more than 1 x 107 cells):

Determine the number of cells. Pellet the appropriate number of cells by centrifuging for

5 min at 300 x g in a centrifuge tube (not supplied). Carefully remove all supernatant by

aspiration, and proceed to step 2.

1b. Cells grown in a monolayer (do not use more than 1 x 107 cells):

Cells can be either lysed directly in the cell-culture vessel (up to 10 cm diameter) or

trypsinized and collected as a cell pellet prior to lysis. Cells grown in cell-culture flasks

should always be trypsinized.

To lyse cells directly:

Determine the number of cells. Completely aspirate the cell-culture medium, and proceed

immediately to step 2.

To trypsinize and collect cells:

Determine the number of cells. Aspirate the medium, and wash the cells with PBS.

Aspirate the PBS, and add 0.1–0.25% trypsin in PBS. After the cells detach from the dish

or flask, add medium (containing serum to inactivate the trypsin), transfer the cells to an

RNase-free glass or polypropylene centrifuge tube (not supplied), and centrifuge at 300 x

g for 5 min. Completely aspirate the supernatant, and proceed to step 2.

2. Disrupt the cells by adding Buffer RLT.
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For pelleted cells, loosen the cell pellet thoroughly by flicking the tube. Add the

appropriate volume of Buffer RLT (see Table 5). Vortex or pipet to mix, and proceed to

step 3.

Table 5. Volumes of Buffer RLT for Lysing Pelleted Cells

For direct lysis of cells grown in a monolayer, add the appropriate volume of Buffer RLT

(see Table 6) to the cell-culture dish. Collect the lysate with a rubber policeman. Pipet the

lysate into a microcentrifuge tube (not supplied). Vortex or pipet to mix, and ensure that

no cell clumps are visible before proceeding to step 3. Table 6. Volumes of Buffer RLT

for Direct Cell Lysis

3. Homogenize the lysate according to step 3a, 3b, or 3c.

3a. Pipet the lysate directly into a QIAshredder spin column placed in a 2 ml collection

tube, and centrifuge for 2 min at full speed. Proceed to step 4.

3b. Homogenize the lysate for 30 s using a rotor–stator homogenizer. Proceed to step 4.

3c. Pass the lysate at least 5 times through a blunt 20-gauge needle (0.9 mm diameter)

fitted to an RNase-free syringe. Proceed to step 4.
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4. Add 1 volume of 70% ethanol to the homogenized lysate, and mix well by pipetting.

Do not centrifuge.

5. Transfer up to 700 µl of the sample, including any precipitate that may have formed, to

an RNeasy spin column placed in a 2 ml collection tube (supplied). Close the lid gently,

and centrifuge for 15 s at >8000 x g (>10,000 rpm). Discard the flow-through.

6. Add 700 µl Buffer RW1 to the RNeasy spin column. Close the lid gently, and

centrifuge for 15 s at >8000 x g (>10,000 rpm) to wash the spin column membrane.

Discard the flow-through.

7. Add 500 µl Buffer RPE to the RNeasy spin column. Close the lid gently, and

centrifuge for 15 s at >8000 x g (>10,000 rpm) to wash the spin column membrane.

Discard the flow-through.

8. Add 500 µl Buffer RPE to the RNeasy spin column. Close the lid gently, and

centrifuge for 2 min at >8000 x g (>10,000 rpm) to wash the spin column membrane.

9. Optional: Place the RNeasy spin column in a new 2 ml collection tube (supplied), and

discard the old collection tube with the flow-through. Close the lid gently, and centrifuge

at full speed for 1 min.

10. Place the RNeasy spin column in a new 1.5 ml collection tube (supplied). Add 30–50

µl RNase-free water directly to the spin column membrane. Close the lid gently, and

centrifuge for 1 min at >8000 x g (>10,000 rpm) to elute the RNA.

11. If the expected RNA yield is >30 µg, repeat step 10 using another 30–50 µl

RNasefree water, or using the eluate from step 10 (if high RNA concentration is

required). Reuse the collection tube from step 10.
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5’ RLM-RACE

(Protocol from Roche FirstChoice® RLM-RACE Cat. No. 1700)

RNA Processing

Calf Intestine Alkaline Phosphatase (CIP) treatment

1. The following components are assembled in an RNase free microcentrifuge tube:

2. Terminate CIP reaction and phenol:chloroform extract

Add the following components to the reaction from step 1:

3. Vortex thoroughly. Centrifuge 5 mins, room temperature at top speed in a microfuge
(> 10,000 x g). Transfer top layer to a new tube.

4. Add 150 µl chloroform, vortex thoroughly, centrifuge 5 mins at room temperature at
top speed in a microfuge (> 10,000 x g). Transfer top layer to a new tube.

5. Add 150 µl isopropanol, vortex thoroughly. Chill on ice for 10 minutes.

6. Centrifuge at maximum speed for 20 minutes. Rinse pellet with 0.5 ml cold 70%
ethanol, centrifuge 5 minutes at maximum speed, remove ethanol carefully and discard it.
Allow pellet to air dry.

7. Standard reaction: Resuspend pellet in 11 µl Nuclease-free Water.
Small reaction: Prepare 10 µl of 1X TAP buffer and resuspend sample in 4 µl of it.

8. Place the sample on ice and proceed to TAP reaction or store sample at -20°C.
9. Tobacco acid pyrophosphatase.
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Assemble the following components in a RNAse free microfuge tube:

Mix gently, spin briefly. Incubate at 37°C for one hour.

10. Store reaction at -20°C or proceed to the ligation step.

11. 5’RACE adaptor ligation:

Assemble the following components in a RNase-free microfuge tube

Mix gently, spin briefly.

12. Store reaction at -20°C or proceed to the reverse transcription.

13. Reverse Transcription.

Assemble the following in an RNase –free microfuge tube:

Mix gently and spin briefly. Incubate at 37°C for one hour.
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14. Store reaction at -20°C or proceed to the PCR reaction.

15. Nested PCR for 5’RLM-RACE

A. Outer 5’RLM-RACE PCR

Assemble the components in a PCR tube:

Mix the components and spin quickly to return contents to the bottom of the tube.

Cycle as follows:

3 mins at 94°C
35 cycles: 94°C – 30 sec, 60°C – 30 sec, 72°C – 30 sec.
7 mins at 72°C

B. Inner 5’RLM-RACE PCR

Assemble the components in a PCR tube:

Mix the components and spin quickly to return contents to the bottom of the tube.
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Cycle as follows:

3 mins at 94°C
35 cycles: 94°C – 30 sec, 60°C – 30 sec, 72°C – 30 sec.
7 mins at 72°C
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Plasmid DNA purification using QIAfilter plasmid maxi kits

(Protocol from Qiagen Qiafilter Plasmid Maxi Kit Cat. No. 12262)

Procedure

1. Pick a single colony from a freshly streaked selective plate and inoculate a starter

culture of 2–5 ml LB medium containing the appropriate selective antibiotic. Incubate for

approx. 8 h at 37°C with vigorous shaking (approx. 300 rpm).

2. Dilute the starter culture 1/500 to 1/1000 into selective LB medium. For high-copy

plasmids, inoculate ▲25 ml or ● 100 ml medium with ▲25–50 µl or ● 100–200 µl of

starter culture. For low-copy plasmids, inoculate ▲ 50–100 ml or ● 250 ml medium with

▲ 100–200 µl or ● 250–500 µl of starter culture. Grow at 37°C for 12–16 h with

vigorous shaking (approx. 300 rpm).

3. Harvest the bacterial cells by centrifugation at 6000 x g for 15 min at 4°C.

4. Resuspend the bacterial pellet in▲ 4 ml or ● 10 ml Buffer P1.

5. Add ▲4 ml or ● 10 ml Buffer P2, mix thoroughly by vigorously inverting the sealed

tube 4–6 times, and incubate at room temperature (15–25°C) for 5 min. During the

incubation prepare the QIAfilter Cartridge: Screw the cap onto the outlet nozzle of the

QIAfilter Midi or QIAfilter Maxi Cartridge. Place the QIAfilter Cartridge in a convenient

tube.

6. Add ▲ 4 ml or ● 10 ml chilled Buffer P3 to the lysate, and mix immediately and

thoroughly by vigorously inverting 4–6 times. Proceed directly to step 7. Do not incubate

the lysate on ice.
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7. Pour the lysate into the barrel of the QIAfilter Cartridge. Incubate at room temperature

(15–25°C) for 10 min. Do not insert the plunger!

8. Equilibrate a ▲ QIAGEN-tip 100 or ● QIAGEN-tip 500 by applying ▲ 4 ml or ● 10

ml Buffer QBT, and allow the column to empty by gravity flow.

9. Remove the cap from the QIAfilter Cartridge outlet nozzle. Gently insert the plunger

into the ▲ QIAfilter Midi or ● QIAfilter Maxi Cartridge and filter the cell lysate into the

previously equilibrated QIAGEN-tip.

10. Allow the cleared lysate to enter the resin by gravity flow.

11. Wash the QIAGEN-tip with▲ 2 x 10 ml or ● 2 x 30 ml Buffer QC.

12. Elute DNA with▲ 5 ml or ● 15 ml Buffer QF.

13. Precipitate DNA by adding ▲ 3.5 ml or ● 10.5 ml (0.7 volumes) room-temperature

isopropanol to the eluted DNA. Mix and centrifuge immediately at ≥15,000 x g for 30

min at 4°C. Carefully decant the supernatant.

14. Wash DNA pellet with ▲ 2 ml or ● 5 ml of room-temperature 70% ethanol, and

centrifuge at ≥15,000 x g for 10 min. Carefully decant the supernatant without disturbing

the pellet.

15. Air-dry the pellet for 5–10 min, and redissolve the DNA in a suitable volume of

buffer (e.g., TE buffer, pH 8.0, or 10 mM Tris·Cl, pH 8.5).
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Plasmid DNA purification using QIAfilter plasmid giga kits

(Protocol from Qiagen QIAfilter Plasmid Giga kit Cat. No.12291)

Procedure

1. Pick a single colony from a freshly streaked selective plate and inoculate a starter

culture of 5–10 ml LB medium containing the appropriate selective antibiotic. Incubate

for approx. 8 h at 37°C with vigorous shaking (approx. 300 rpm).

2. Dilute the starter culture 1/500 to 1/1000 into selective LB medium. For high-copy

plasmids, inoculate ▲ 500 ml or ● 2.5 liters medium with ▲ 500–1000 µl or ● 2.5–5 ml

of starter culture. For low-copy plasmids, inoculate ▲ 2.5 liters medium with ▲ 2.5–5

ml of starter culture. Grow at 37°C for 12–16 h with vigorous shaking (approx. 300 rpm).

3. Harvest the bacterial cells by centrifugation at 6000 x g for 15 min at 4°C.

4. Screw the QIAfilter Mega-Giga Cartridge onto a 45 mm-neck glass bottle and connect

it to a vacuum source.

5. Resuspend the bacterial pellet in▲ 50 ml or ● 125 ml of Buffer P1.

6. Add ▲ 50 ml or ● 125 ml of Buffer P2, mix thoroughly by vigorously inverting 4–6

times, and incubate at room temperature for 5 min.

7. Add ▲ 50 ml or ● 125 ml chilled Buffer P3 and mix thoroughly by vigorously

inverting 4–6 times. Mix well until white, fluffy material has formed and the lysate is no

longer viscous. Proceed directly to step 8. Do not incubate on ice.

8. Pour the lysate into the QIAfilter Mega-Giga Cartridge and incubate at room

temperature for 10 min.
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9. Switch on the vacuum source. After all liquid has been pulled through, switch off the

vacuum source. Leave the QIAfilter Cartridge attached.

10. Add 50 ml (both ▲ Mega and ● Giga) Buffer FWB2 to the QIAfilter Cartridge and

gently stir the precipitate using a sterile spatula. Switch on the vacuum source until the

liquid has been pulled through completely.

11. Equilibrate a ▲ QIAGEN-tip 2500 or ● QIAGEN-tip 10000 by applying ▲ 35 ml or

● 75 ml Buffer QBT, and allow the column to empty by gravity flow.

12. Apply the filtered lysate from step 10 onto the QIAGEN-tip and allow it to enter the

resin by gravity flow.

13. Wash the QIAGEN-tip with a total of▲ 200 ml or a total of ● 600 ml Buffer QC.

14. Elute DNA with▲ 35 ml or ● 100 ml Buffer QF.

15. Precipitate DNA by adding ▲ 24.5 ml or ● 70 ml (0.7 volumes) room-temperature

isopropanol to the eluted DNA. Mix and centrifuge immediately at ≥15,000 x g for 30

min at 4°C. Carefully decant the supernatant.

16. Wash DNA pellet with ▲ 7 ml or ● 10 ml of room-temperature 70% ethanol, and

centrifuge at ≥15,000 x g for 10 min. Carefully decant the supernatant without disturbing

the pellet.

17. Air-dry the pellet for 10–20 min, and redissolve the DNA in a suitable volume of

buffer (e.g., TE buffer, pH 8.0, or 10 mM Tris·Cl, pH 8.5).
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