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2.8: Analysis of H441 cell line for mutated Mig-6 

Materials:  

- TOPO TA cloning kit (Invitrogen) 

- OneShot E.coli cells (Invitrogen) 

- LB Broth from LB broth base powder (Invitrogen) 

- LB agar plates from LB agar powder (Invitrogen) 

- X-gal (Invitrogen) 

- Ampicillin (Invitrogen) 

- Agarose (Fisher Scientific) 

- 5x TBE 

o 53g Tris base (Fisher Scientific) 

o 27.5g boric acid (Fisher Scientific) 

o 20ml of 0.5M EDTA (Fisher Scientific) 

o Make up to 1L with water 

- Blue loading dye (Promega) 

- 0.5mg/ml Ethidium bromide (Sigma) 

- Power supply 

- Agarose gel electrophoresis tank 

- Microwave 

- Conical flask 

- 10x high fidelity PCR buffer (Invitrogen) 

- dNTP mix (Invitrogen) 

- 50mM MgCl2  (Invitrogen) 

- Primers: 
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o Mig-6 code F&R (Invitrogen) 

o Mig-6 code UTR F&R (Invitrogen) 

- Platinum high fidelity Taq (Invitrogen) 

- QIAprep Miniprep kit (QIAGEN) 

- Microcentrifuge 

- Microcentrifuge tubes 

- Tubes for LB broth 

- SOC medium (Invitrogen) 

- Peltier thermal cycler (MJ Research) 

- 1kb DNA ladder (New England Biolabs) 

- EcoR1 restriction enzyme (Invitrogen) 

- EcoR1 restriction buffer (Invitrogen) 

- UV spectrometer 

2.8: Analysis of H441 cell line for mutated Mig-6 

We decided to sequence the Mig-6 gene in the H441 cell line we were using to ensure that it 

contained no mutations. If the H441 was found to be mutated we wouldn’t be able to use it 

for Mig-6 functional studies. To determine whether H441 cells carried a mutated Mig-6 

allele, we performed a cloning reaction and sequenced all the products. 

The cells were grown to a confluency of ~70% in the tissue culture core at Baylor College of 

Medicine. RNA was isolated from cells and quantified as described in section 2.4. Isolated 

RNA was reverse transcribed to cDNA as detailed in section 2.5.  
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2.8.1: Mig-6 PCR: 

The cDNA was used as a template for amplification of the Mig-6 gene. Reaction volume was 

50µl which was made up of the following components: 5µl 10x high fidelity PCR buffer, 1µl 

10mM dNTP mix, 2µl 50mM MgCl2 , 0.2µl Platinum Taq High Fidelity, 0.5µl forward 

primer(10µM), 0.5µl reverse primer (10µM), 3µl template DNA and 37.8µl water. 

All primer sequences used in this experiment were designed using Vector NT1 Advance 10 

software from Invitrogen. Primers were synthesised by Invitrogen and sequences are shown 

in Table 2.2. Gene amplification consisted of an initial denaturation step where reaction 

mixtures were incubated at 94oC for 2mins. This was followed by 30 cycles of denaturation at 

94ºC for 30 seconds, annealing at 55oC for 30 seconds and extension at 68ºC for 2 minutes. 

All amplifications were carried out in a Peltier thermal cycler (MJ Research) 

Primer Sequence 5’-3’ Product 

Size (bp) 

Annealing 

Temperature 

Magnesium 

concentration 

Mig-6 

Code F 

 

ATGTCAATAGCAGGAGTTGC 

 

 

1386 

 

 

55oC 

 

5mM 

Mig-6 

Code R 

 

CTAAGGAGAAACCACATAGGAT

 

5mM 

Mig-6 

Code UTR 

F 

 

ACAGGTTTGGAGATGTCCCA 

 

 

1466 

 

 

55oC 

 

5mM 

Mig-6 

Code UTR 

R 

 

GAGAACCATTTGCTCCTATG 

 

5mM 

Table 2.2: Primer sequences, amplicon size, MgCl2 concentration and annealing temperature 

for Mig-6 PCR reactions. 
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Amplicons were visualised following electrophoresis using a 1% (w/v) agarose gel stained 

with ethidium bromide (0.5 µg/ml) in a 1 X Tris-Borate-EDTA (TBE) buffer.  A 1kb DNA 

ladder (New England Biolabs ) was run alongside the samples in order to determine amplicon 

size. The gel was run at a constant voltage (100V) until the bands had migrated about 1/2 to 

2/3 of the distance to the end of the gel. The resulting bands (~1.4kb) were visualised and 

then cut out (in order to gel purify the DNA). 

Making the 1% agarose gel: 

1g of low melting point agarose powder was dissolved in 100ml of 1X TBE buffer in a 

conical flask and microwaved for approximately 90 seconds. When it was determined that the 

agarose was fully dissolved, the flask was allowed to cool to ~60oC. Once the mixture had 

cooled, 50µl of ethidium bromide was added and the flask swirled to mix. The agarose was 

poured into the gel mould and allowed to set. Prior to loading, the comb was removed. 

Samples were prepared for loading by the addition of 10µl of 5x loading dye to a 50µl 

sample volume. The entire volume was loaded onto the gel alongside the 1kb ladder. 

 

2.8.2 DNA Purification from agarose gel: 

DNA was purified using the QIAEX II gel extraction kit from QIAGEN as follows: the band 

was cut from the gel using a blade and its weight recorded (this determines how much of the 

buffers to add in the purification process). The gel was dissolved in 450µl QX buffer and 

15µl of resin was added. The mixture was vortexed and placed on a heating block at 40-50oC 

for a total of ten minutes, vortexing the sample every two minutes. The sample was 

centrifuged for ~15 seconds to pellet the resin, the supernatant was removed, 500µl of fresh 

buffer was added and the mixture vortexed to resuspend the resin. Sample was centrifuged to 

pellet the resin followed by adding 500µl of wash buffer, vortexing to resuspend the pellet 

and centrifugation (~15 seconds). This wash step was then repeated. Following the second 



57 
 

wash step, the supernatant was removed and the pellet air dried at room temperature until 

most of the resin had turned white. 15µl of deionised water was added, the sample vortexed 

and then incubated at 50oC for five minutes. Sample was centrifuged to pellet and entire 

supernatant was transferred to a fresh tube. This purified DNA was used for the TOPO® 

cloning reaction.  

 

2.8.3 TOPO® Cloning Reaction 

The following reaction mixture was prepared: 2µl of gel purified DNA, 1µl salt solution 

(from the TOPO TA cloning kit), 2µl sterile deionised water and 1µl of TOPO vector 

containing DNA ligase. The mixture was incubated for five minutes at room temperature and 

then placed on ice in preparation for the transformation reaction.  

Transformation procedure: 

One vial of One Shot E. coli cells per transformation were thawed out. 2µl of the TOPO 

cloning mixture prepared above was added to the E. coli and mixed. The reaction was 

incubated on ice for 30 minutes followed by heat shock for 30-45 seconds at 42oC. 250µl of 

room temperature S.O.C medium was added to the cells. This was incubated at 37oC for one 

hour with shaking for the duration. 50µl of the transformation reaction was spread onto pre-

warmed LB agar plates containing x-gal and 100µg/ml ampicillin. Plates were incubated at 

37oC overnight 

2.8.4 Analysis of positive clones: 

Following overnight culture, the LB plates were examined for evidence of positive clones 

(white colonies). A positive clone is one which has taken up the vector with our DNA 

inserted and hence the beta galactosidase gene in TOPO that ordinarily converts XGal into a 

blue product is disrupted. Tubes were prepared each containing 3ml of LB broth with 

100µg/ml ampicillin. Using a pipette tip, one colony was picked off the plate and this tip put 
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into one of the tubes containing LB broth with ampicillin. The process was repeated for all 

tubes. The tubes were incubated at 37oC overnight with constant shaking.  

 

2.8.5 Plasmid Isolation and DNA purification: 

The overnight broth cultures were spun down to obtain a pellet of bacterial cells and the 

supernatant discarded. Plasmid DNA isolation purification was carried out using the QIAprep 

Miniprep kit from QIAGEN. The bacterial pellet was resuspended in 250µl of buffer P1 and 

transferred in a microcentrifuge tube. 250µl of buffer P2 was added and mixed by inverting 

4-6 times. 350µl of buffer N3 was added and mixed by inversion (at this point the solution 

should become cloudy). Samples were centrifuged at 10,000 rpm for ten minutes. The 

supernatant was transferred to a QIAprep spin column. This was spun for ~60 seconds and 

the flow through discarded. To wash the sample, 750µl of buffer PB was added and the tubes 

spun at 13,000 rpm for 60 seconds. The flow through was once again discarded and tubes 

centrifuged for a further 60 seconds. The column was placed into a microcentrifuge tube and 

50µl of buffer EB was added, left to stand at room temperature for one minute and then 

centrifuged for one minute to elute the DNA. The DNA was quantified by UV spectrometry 

(OD260nm:OD280nm) and then three samples were sent for sequence analysis.  

When a sequence result was received the sequence was compared to the known Mig-6 gene 

sequence to see whether any mutations were present in the sequence from our H441 cells.  

2.8.6 EcoRI digestion of plasmid: 

Prior to sending the samples for sequence analysis, an EcoRI digestion was carried out to 

ensure that the correct insert was present. 2µl of plasmid DNA, 0.5µl EcoRI, 1µl of buffer 3 

and 6.5µl were mixed in a tube and incubated at 37oC for one hour. The samples were then 

run on a 1% agarose gel and resulting bands were visualised on a UV transilluminator. For 

samples with the correct insert present there were 3 different bands present (the Mig-6 
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sequence itself has an EcoRI site which is cut) bands are present at 4kb (the vector), 1kb and 

0.5kb (the insert).  
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3. Results  

To obtain our Mig-6d/d mice, Rosa26-Cre-ERT2 mice were crossed with Mig-6flox/flox (Mig-

6f/f) mice and the resulting Rosa26-Cre-ERT2; Mig-6flox/flox (Mig-6d/d) or Mig-6f/f mice (2 

months old) were injected peritoneally with 1 mg of Tamoxifen for 5 days. These mice were 

further maintained for 4 months before analysis. At  six months old mice were sacrificed, 

lung tissue harvested, mRNA extracted and real time quantitative PCR for Mig-6 was carried 

out using 18s RNA as a control. 

3.1 Real time PCR to show knock-out of Mig-6 in Mig-6 -/- mice and induced knock-out 

of Mig-6 in Tamoxifen treated Cre+ d/d mice 

The aim of this experiment was to test whether the Tamoxifen treatment had been successful 

in inducing the knockout of Mig-6 in the Cre+ (Mig-6d/d) mice. We already know from 

previous experiments in our lab that Mig-6 is involved at the developmental stages of the 

lung (5) but we wanted to investigate what role, if any, Mig-6 has at the adult stage. The 

administration of Tamoxifen to Mig-6f/f and Mig-6d/d mice at 2 months old is the first stage in 

the process, if the Tamoxifen treatment is successful in knocking out Mig-6 in the Cre+ mice 

then we can study Mig-6 in the adult mouse. As a large proportion of Mig-6-/- mice die before 

reaching adulthood it is difficult to investigate Mig-6 beyond the neonatal period.  Cre-ERT 

is a functional Tamoxifen-dependent recombinase in cultured cells and transgenic mice. By 

controlling the time point at which the target gene is excised using an inducible Cre 

recombinase, it allows us to look at the role of the gene later in the developmental process or 

in adult life as well as allowing tissue specific excision of the gene of interest (26). 

The figure 3.1 below shows the relative expression of Mig-6 mRNA in our transgenic 

Tamoxifen treated mice compared to a wild type strain.  
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Significant differences were noted between the wild type mice and the knockout (-/-) mice as 

well as the Tamoxifen treated Cre+ (d/d) mice. The Tamoxifen treated Cre- (f/f) mice had 

Mig-6 levels significantly different to the knockout (-/-) and induced knockout mice. 

Statistics were performed using One Way ANOVA with a Bonferroni post hoc test, 

(*p<0.05).  

 

 

 

Figure 3.1: Quantitative real time PCR analysis of mRNA levels isolated from 6 month 

old Mig-6+/+, Mig-6-/-, Mig-6f/f and Mig-6d/d lungs for expression of Mig-6 

Once we successfully knocked out Mig-6 in these adult mice the next step was to carry out a 

number of experiments looking at: General lung morphology, molecular markers, size of 

alveolar spaces, sacrificing mice at different time points following the knockout of Mig-6.   
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+/+: wild type mice, -/-: Mig-6 knockout mice 

f/f: Cre- mice, d/d: Cre+ mice 
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3.2 Comparison of the morphology of Mig-6f/f and Mig-6d/d adult mouse lungs 

Mig-6 plays a role in lung development, highlighted by altered lung morphology/reduced 

airway space in Mig-6-/- mice (5). We investigated whether lung morphology is altered when 

Mig-6 is deleted in adult mice.   To do this, we examined whether morphological differences 

would be observed between the Mig-6f/f and Mig-6d/d mice. Mice were sacrificed at 

approximately six months of age and the lung tissue harvested. This tissue was processed to 

wax blocks in preparation for sectioning and staining. 4µm sections were cut using a 

microtome and stained using a haematoxylin and eosin stain to show general morphology. 

The H&E staining method involves application of the basic dye haematoxylin, which 

colours basophilic structures with blue-purple hue, and alcohol-based acidic eosin, which 

colours eosinophilic structures bright pink. 

 

     

Figure 3.2 

Panels A&B above show representative H&E stained lung sections from adult Mig-6f/f 

and Mig-6d/d mice.  

No morphological differences were observed between adult lungs obtained from Mig-6f/f and 

Mig-6d/d mice upon H&E staining. As the lungs were fully formed in the adult mice before 

BA 
d/d f/f 

H&E 
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Mig-6 was knocked out it would seem that Mig-6 does not have any noticeable effect on lung 

morphology after the initial development stage.  

3.3 Adult Mig-6f/f and Mig-6d/d mice have normal airspaces 

 The next step after a general assessment of morphology of the lung sections by staining was 

to take a series of sections stained using H&E to measure the size of the airspaces in our 

RosaCreERT2 x Mig-6f/f mice. For comparison purposes we also measured sections from 

wild type (Mig-6+/+) and Mig6 knock out (Mig-6-/-) mice. It has previously been shown in our 

lab that Mig-6-/- mice have larger airspaces than Mig-6+/+ mice (5). We wanted to examine 

our induced knock out (Mig-6d/d) mice to see if there was any effect on size of airspace. All 

measurements were performed blind with respect to animal genotype.  

Mig-6+/+ and  Mig-6-/- measurements were in line with previous results from our lab and 

showed that Mig-6-/- mice have significantly larger airspaces than wild type (Mig-6+/+) mice. 

This indicates a role for Mig-6 in either the development of or maintenance of airspaces in 

lung. Interestingly, a significant difference in size was noted between the Mig-6-/- mice and 

all other genotypes examined, including our induced Mig-6 knockout model (Mig-6d/d). This 

is strongly indicative that Mig-6 plays an important role in lung development but expression 

of Mig-6 in the adult lung does not affect airway size. In line with this hypothesis, no  

significant difference was noted between Mig-6+/+, Mig-6f/f or Mig-6d/d mice. Statistics were 

performed using One Way ANOVA with a Bonferroni post hoc test (*p<0.05).  
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Fig 3.3. Alveolar space measurements were carried out on wild type (Mig-6+/+) and knock out 

(Mig-6-/-) mice as well as Tamoxifen treated Cre- (Mig-6f/f) and Cre+ (Mig-6d/d) mice. Mig-6-/- 

mice have significantly increased airspaces while the Tamoxifen treated mice (both Mig-6f/f 

and Mig-6d/d) have airspaces in line with wild type measurements (n=8). 

3.4 Expression of Pulmonary Epithelial Cell markers in Mig-6-/- vs. Mig-6+/+ 

After measurement of the alveolar spaces in our mice we found no difference at the 

morphological level. It was decided to then look at a number of different molecular markers 

to investigate whether any differences would be apparent at the molecular level of the lung 

epithelium in our Mig-6f/f vs., Mig-6d/d/ mice since there are noted differences between wild 

type and Mig-6-/- mice.  

*
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RNA was isolated from the lungs of wild type and Mig-6-/- mice in addition to the Mig-6f/f 

and Mig-6d/d mice and the levels of the following molecular markers analysed using real time 

PCR CCSP, T1 alpha, Muc5ac and SP-C. We analysed the marker levels in wild type and 

knockout mice alongside our Tamoxifen treated mice (f/f and d/d). Although we observed no 

phenotypic change in the Mig-6d/d mice we could not assume there would be no change at the 

molecular level following the deletion of Mig-6 in adult mice so we investigated the 

molecular markers. 

3.4.1 CCSP levels in Mig-6+/+, Mig-6-/-, Mig-6f/f and Mig-6d/d mice 

CCSP is Clara cell secretory protein and a significant difference is seen between Mig-6+/+ and 

Mig-6-/- mice (5). CCSP is a protective lung protein which is believed to have antioxidant, 

immunomodulatory and anticarcinogenic properties (60). CCSP is a developmental marker 

involved in cellular differentiation in respiratory epithelium during development and early 

life (61). Mig-6-/- mice have decreased CCSP levels (5).  

Statistics were carried out on the data using One Way ANOVA with a Bonferroni post hoc 

test, *p<0.05. Sample size was between five and nine mice for each group (n=5-9). We found 

that there was a significant difference in the CCSP levels measured between our Mig-6f/f and 

Mig-6d/d mice after deletion of Mig-6 with the treatment of Tamoxifen. Despite the high 

variability between samples, this assay had sufficient numbers to show a significant decrease 

in CCSP expression in Mig-6d/d mice compared with Mig-6f/f controls 
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Figure 3.4: Quantitative real-time PCR analysis of mRNA levels isolated from adult Mig-

6+/+, Mig-6-/-, Mig-6f/f and Mig-6d/d lungs for the expression of Clara cell secretory protein 

(CCSP) 

3.4.2 T1 Alpha levels in Mig-6+/+, Mig-6-/-, Mig-6f/f and Mig-6d/d mice 

T1 alpha levels increase in the lung throughout foetal development and is the first marker 

gene known to be expressed in the adult lung solely by the alveolar type I epithelial cell (62). 

As Mig-6 levels also increase and decrease at various stages in lung development we thought 

it would be interesting to look at T1 alpha levels in our different mouse populations to see 

whether the absence or presence of Mig-6 impacted on the level of T1 alpha present. 

There is a significant difference in T1 alpha levels between Mig-6+/+ and Mig-6-/- mice with 

Mig-6-/- having greatly reduced amounts compared with the wild type control. No significant 

difference in T1 alpha was measured between f/f and d/d mice, nor did T1 alpha levels in 

* *
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these mice differ from the wild type levels measured.   This is an interesting result to note as 

T1 alpha levels were not affected when Mig-6 is knocked out at the adult stage of life while if 

it is knocked out in the germline then the resulting Mig-6-/- mice. This would suggest that 

Mig-6 and T1 alpha expression are both linked within the developmental process but 

expression of T1 alpha is independent of expression of Mig-6 in fully developed adult lungs.  

Statistics were performed using One Way ANOVA with a Bonferroni post hoc test, *p<0.05 

(n=5-9).  

 

 

 

Figure 3.5: Quantitative real-time PCR analysis of mRNA levels isolated from adult Mig-

6+/+, Mig-6-/-, Mig-6f/f and Mig-6d/d lungs for the expression of T1 alpha 

 

*
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3.4.3 SP-C levels in Mig-6+/+, Mig-6-/-, Mig-6f/f and Mig-6d/d mice 

SP-C is surfactant protein C and is found solely in the surfactant layer of the alveoli (63). It 

has been reported to have the following three functions:  

1: catalyze the formation of surface-associated three-dimensional structures at the air-liquid 

Interface, 2: assist in the transfer of lipids from the monolayer to form stacked multi-layer 

structures, and 3: act as protection against surfactant inactivation by serum proteins (64).  

Mechanical strain has been shown to increase SP-C levels (65).  

SP-C levels were analysed in our different transgenic mice and control wild type mice- Mig-

6+/+, Mig-6-/-, Mig-6f/f and Mig-6d/d. The only significant difference noted was between the 

Mig-6-/- mice and all three other genotypes. Because the only difference in SP-C levels was 

seen in mice where Mig-6 is knocked out prior to foetal development this may point to a link 

between Mig-6 and SP-C in the developmental stages of life. It may be that Mig-6 has a 

regulatory role and prevents overexpression of SP-C during development and when this 

control is removed SP-C levels increase greatly. Alternatively, in the absence of Mig-6 

expression the alveolar structures are under greater mechanical strain and that this may 

indirectly lead to elevated SP-C expression. As there was no significant change in SP-C when 

Mig-6 is knocked out post development it would appear that whatever role Mig-6 plays in 

controlling SP-C levels is present only early in life.  

Statistics were performed using One Way ANOVA with a Bonferroni post hoc test, 

*p<0.05(n=5-9).  
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Figure 3.6: Quantitative real-time PCR analysis of mRNA levels isolated from adult Mig-

6+/+, Mig-6-/-, Mig-6f/f and Mig-6d/d lungs for the expression of surfactant protein C (SP-C) 

 

3.4.4 MUC5AC levels in Mig-6+/+, Mig-6-/-, Mig-6f/f and Mig-6d/d mice 

MUC5AC is a gel-forming glycoprotein of gastric and respiratory tract epithelia that protects 

the mucosa from infection and chemical damage by binding to inhaled microorganisms and 

particles that are subsequently removed by the muco-cilary system (66). Hypersecretion of 

mucins including MUC5AC is seen in many airway diseases and results in impairment of 

muco-ciliary clearance and bacterial super infection (67).  

In our measurements we found that wild type mice have low levels of mucin MUC5AC but in 

knockout mice (Mig-6-/-) there is a dramatic increase in MUC5AC levels. The Tamoxifen 

*
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treated Mig-6d/d and Mig-6f/f mice had MUC5AC levels similar to those of the wild type 

mice. As levels of this mucin were not altered when Mig-6 was knocked out in the adult 

phase of life it would appear that the lungs of Mig-6d/d mice are phenotypically normal and 

not subject to excessive airway diseases (these results are for unchallenged mice). Statistics 

were performed using One Way ANOVA with a Bonferroni post hoc test, *p<0.05(n=5-9).  

 

 

Figure 3.7: Quantitative real-time PCR analysis of mRNA levels isolated from adult Mig-

6+/+, Mig-6-/-, Mig-6f/f and Mig-6d/d lungs for the expression of mucin 5AC (MUC5AC) 

Overall result from measurement of molecular markers: in all cases there was a significant 

difference in levels between wild type and knockout mice. The induced knockout mice had 

similar levels of expression of MUC5AC, SP-C and T1alpha while CCSP levels in Mig-6d/d 

mice were significantly different to wild type mice and Mig-6f/f controls. 
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 Knocking out Mig-6 in adult mice appears to have had no effect on phenotype or the 

majority of molecular markers for normal lung function. This would suggest that the lungs in 

adult Mig-6d/d mice are essentially normal even when Mig-6 expression is ablated using 

Tamoxifen although our results indicate that CCSP expression moderately decreases in 

Mig6d/d mice that are indicative of minor lung abnormalities or dysfunction. Therefore it 

appears that Mig-6 exerts greater influence during the developmental stage of the lung. As 

Mig-6 is a stress induced gene it may also be important in the lung’s response to 

damage/hypoxia/other injury, in these cases we would hypothesise that a re-emergence of 

developmental pathways could occur. 

3.5 Silencing of Mig-6 expression in H441 epithelial lung cells using RNA interference. 

The fact that Mig-6 is expressed in adult lungs points to the conclusion that it must serve 

some purpose in adult mice but our results indicate that it does not appear to play a major role 

in lung morphology or lung function. In order to look at the potential role(s) Mig-6 might 

play in adult mice we used lung cell lines to investigate the effect of knocking down Mig-6 

expression in different cell types (both epithelial and endothelial cells).  

We decided to look at Mig-6 expression and function specifically in epithelial cells so we 

used the H441 epithelial cell line for this purpose. The pulmonary epithelium plays a vital 

role in the body through its role in gaseous exchange ensuring a constant supply of oxygen is 

available to all cells throughout the body. In addition to its role in gaseous exchange the 

pulmonary epithelium also has a number of other roles: It provides a protective barrier 

between the host and the outside environment, contributes to the maintenance of lung fluid 

balance, plays a role in the metabolism of endogenous mediators (68) and is capable of 

regeneration, allowing normal cell turnover and restoration of airway and alveolar functions 

after lung injury (69). Lung epithelium produces surfactant and several proteins which are 
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important as part of the immune defences of the body (14). Because of these roles we were 

interested in investigating what effect (if any) silencing Mig-6 expression in this specific cell 

type would have. 

These experiments would provide an in vitro model to investigate the role of Mig-6 in 

epithelial cells. Half of our cells would be treated with siRNA with the other half treated with 

a control siRNA that does not silence any known gene. Successful silencing of Mig-6 

expression in the treated cells would allow us to harvest RNA and proteins from these cells to 

examine what effects silencing of Mig-6 had on downstream elements of the signalling 

pathway and thus gain further insight into what role Mig-6 has in adult lung epithelial cells.  

The first step in looking at the role of Mig-6 in epithelial cells was to use siRNA to knock 

down Mig-6. Previous experiments carried out in my lab using different concentrations of 

siRNA showed 50nm to be a sufficient concentration to silence Mig-6 expression. Following 

successful knock down of Mig-6 in this cell type the goal was to look at various elements of 

downstream signalling pathways to see if removing Mig-6 has an effect. Mig-6 is a known 

negative regulator of EGFR (70, 71) so we chose to look initially at signalling from the 

EGFR.  

The graph below (figure 3.8) shows the result of real time quantitative PCR (qPCR) analysis 

on our siRNA treated and untreated H441 epithelial cells. RNA was extracted from the cells 

as detailed in the Methods (section 2.4) and converted to mRNA. Real time PCR was carried 

out for Mig-6 levels with 18s ribosomal RNA as a control. Significant difference was noted 

in Mig-6 expression when cells were treated with Mig-6 siRNA compared with cells treated 

with either no siRNA or siControl. No significant difference was noted between the cells 

treated with siControl and the cells not treated with siRNA indicating that the decrease in 

Mig-6 expression was due to the specific RNA interference activity of our siRNA. The 



73 
 

success of this experiment allowed us to continue our experiments and look at the effect that 

this silencing of Mig-6 has on elements of the EGF signalling pathway. 

Statistics were performed using One Way ANOVA with a Bonferroni post hoc test, (p<0.05).  
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Figure 3.8: Real time quantitative PCR to show successful knock-down of Mig-6 in H441 

cells using 50nm siRNA 

3.6 Silencing Mig-6 expression in HMVEC endothelial lung cells using RNA 

interference 

Endothelial cells play an important role in the lung as the cells which line the capillaries that 

surround the alveoli in a network of blood vessels. As branching of the airways occurs in the 

developmental stages each new bud is surrounded by a network of endothelial cells. It is 

likely that Mig-6 also plays a role in regulating endothelial lung cell function; therefore we 

chose to look at the role of Mig-6 in endothelial cells using the Human Microvascular 

Endothelial Cells (HMVEC) cell line as our model.  

The aim was to successfully silence Mig-6 in HMVEC cells using the same method as for the 

epithelial cells. We planned to measure the same elements of the signalling pathway as in the 
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epithelial cells and see if there were any similarities or differences in the effect knocking 

down Mig-6 has on epithelial cells vs. endothelial cells.  

The graph below shows the result of real time quantitative PCR analysis on our siRNA 

treated and untreated endothelial cells. RNA was extracted from the cells as detailed in 

section 2.4 and converted to mRNA. Real time PCR was carried out for Mig-6 levels with 

18s ribosomal RNA as a control. Significant difference was noted between the cells treated 

with Mig-6 siRNA and cells treated with either no siRNA or siControl. No significant 

difference was noted between the cells treated with siControl and the cells not treated with 

siRNA.   Statistics were performed using One Way ANOVA with a Bonferroni post hoc test, 

p<0.05.  

Figure 3.9: Real time quantitative PCR showing successful knockdown of Mig-6 in 

endothelial cells using 50nm siRNA. Levels of Mig-6 mRNA were compared in cells treated 

with control siRNA, Mig-6 siRNA and untreated cells. 
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3.7 Knockdown of Mig-6 leads to changes in cell proliferation: MTT assay 

EGF signalling is involved in development of the lung and can activate downstream 

signalling, Ras-PI3K/Akt and Ras/MAPK and cross-talk with other growth factors such as 

TGF-β1 and HGF signalling which are all important in lung development (5). As Mig-6 plays 

a role in the EGF signalling pathway it is plausible to hypothesise that if Mig-6 is altered or 

silenced it may have an effect on the cells in which we silenced Mig-6 expression and the 

function of Mig-6 in these cells might be established on the basis of silencing the expression 

of Mig-6 using RNA interference. Moreover, Mig-6 deletion affects lung morphology during 

development which may be regulated by increased cell proliferation / cell death due to Mig-6 

expression. 

We carried out a cell viability (MTT) assay to look at whether knocking down Mig-6 in our 

epithelial cells and endothelial cells has any effect on cell viability and if so would both cell 

types be affected in the same way or differently.  

The MTT assay is a cell viability assay in which MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide), usually a yellow colour is reduced to purple formazan in 

living cells. Since formazan is insoluble in water, a solubilisation solution containing DMFO, 

SDS and Acetic acid is used to dissolve the formazan prior to measuring the absorbance at 

570nm. Since the enzymes (reductases) that catalyse formazan formation from MTT are only 

active in living cells, the amount of formazan formed can be used as a measure of living cells 

(72). By looking at this type of assay we can see in vitro how cellular proliferation is affected 

and get some idea of how different cell types would be affected by lack of Mig-6 in vivo. 

Increased numbers of viable cells may indicate increased proliferation while a decrease in 

viable cells may be an indication that knocking down Mig-6 leads to increased apoptosis or 

decreased cellular proliferation. Results in Figure 3.10 below show that following 
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knockdown of Mig-6 in the epithelial cells, there was a significant increase in the amount of 

viable cells present when the MTT assay was performed which may point to increased 

cellular proliferation or cell survival in this cell type. The opposite pattern was observed in 

the endothelial cells with significantly decreased numbers of viable cells present following 

knock down of Mig-6 by siRNA treatment. This may suggest that lack of Mig-6 in 

endothelial cells leads to increased apoptosis or decreased cellular proliferation.  

Statistics were performed using One Way ANOVA with a Bonferroni post hoc test, *p<0.05.  

 

 

                      

Figure 3.10: Results of MTT (cell viability) assay in H441 epithelial cells and HMVEC 

endothelial cells showing increased levels of viable epithelial cells and decreased levels of 

endothelial cells following treatment with 50nm siRNA 

 

 

Endothelial Cells Epithelial Cells 

* 

* 



77 
 

3.8 Analysis of H441 cell line for mutated Mig-6 

To ensure that the H441 epithelial cell line we were using did not contain any mutations in its 

Mig-6 gene, we chose to sequence Mig-6 expressed by this cell line. It was important that no 

mutations were present as we were using this cell line for a large number of our experiments 

and should there be any mutations in its Mig-6 then our data would prove to be compromised. 

To investigate our H441 cells we isolated RNA and amplified the Mig-6 sequence using 

primers designed in house. We carried out a cloning reaction and sent the products for 

sequencing. Analysis of the sequencing results showed that no mutations were present in the 

Mig-6 gene in our H441 cell line.  

H441 cells were cultured and the RNA isolated once the cells were at ~70% confluency. RT-

PCR was performed followed by Mig-6 PCR. Two sets of primers were used in the Mig-6 

PCR- Mig-6 code and Mig-6 UTR. Mig-6 code is used to amplify only the coding region of 

Mig-6 while Mig-6 code UTR also amplifies the untranslated region. The Mig-6 code UTR 

therefore is a larger size as it incorporates both the translated and untranslated regions. 

PCR product was run on a 1% agarose gel and photographed as follows: 

 
 1        2         3    1. Mig‐6 code UTR 

2. Mig‐6 code 

3. DNA ladder
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Fig 3.11 Shows the result of the Mig-6 PCR. Lanes 1 & 2 shows the band produced using the 

Mig-6 specific primers designed in house at ~1.5Kb and lane 3 shows the DNA ladder loaded 

on the gel.  

3.8.1 ECOR I digestion of plasmids 

Prior to sending our clones for sequencing we carried out a digestion using ECORI to prove 

that the clones we were sending contained the correct insert. We firstly carried out our 

cloning reaction using a TOPO TA Cloning® Kit with pCR®2.1-TOPO® as our vector. 

Sequencing results showed no mutations in the Mig-6 sequence of our H441 cells. 

 

2 kb 

 1.5 kb 

1 kb 
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Fig 3.12 shows the results of ECOR I digestion of the plasmids. The bands at 4 kb are the 

vector whilst the bands at 1kb and 0.5kb are the Mig-6 sequence (the sequence itself contains 

an ECOR I site so we get three bands when a digestion has been successful). 

Lane 1: 1kb DNA ladder 

Lanes 2-15: plasmids 1 to 14 

3.9 Western blot analysis of siRNA treated and untreated cells 

The aim of our procedures was to look at the proteins involved in the EGF signalling pathway 

and ascertain whether their levels were altered when we silenced Mig-6 using siRNA 

treatment. We were also interested in looking at the involvement of Mig-6 in the HGF 

signalling pathway. It is already known that Mig-6 has a negative effect on HGF/Met-induced 

cell migration. In addition to this is has previously demonstrated that Mig06 expression is 

induced by HGF stimulation (73).    

 

 

4kb 
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3.9.1 HGF Induction of Mig-6 in H441 and NHBE cells 

This experiment was designed to look at the effect of HGF on cells where Mig-6 had been 

knocked out using siRNA. 40ng/ml HGF (hepatocyte growth factor) was administered for 

varying amounts of time and proteins isolated for Western blot analysis. The hypothesis was 

that if Mig-6 is involved in HGF signalling pathways then levels of Mig-6 proteins should 

change once HGF has been administered to the cells. We used H441 cell line as our epithelial 

cell model but also used NHBE (normal human bronchial epithelial) cells in our experiments 

so we would have data from both an epithelial cell line and from primary epithelial cells.  

HGF Induction of Mig-6 in H441 cells: 

We were unable to obtain any data for actin as a control so the densitometry analysis in this 

case will be a crude look at the changes occurring in this experiment assuming that the 

amount of protein loaded into each well was equal. We used the 0 min time point as a 

baseline to compare our other values to. An initial two-fold increase was observed at the 15 

min timepoint. At 30mins post HGF administration, Mig-6 dropped to about ½ that of the 

initial baseline level. At 2hrs post administration, mig-6 levels were ~3times that of the initial 

level and further increased to 4 times baseline by the 4 hour mark. 

The administration of 40ng/ml HGF appears to have a stimulatory effect on the production of 

Mig-6 in H441 cells. Without an Actin loading control, we cannot normalize for the 

variability in the amount of protein loaded into each lane. The experiment would need to be 

repeated using our optimised Western blot protocol ensuring an Actin or other protein control 

is included to more accurately assess how Mig-6 levels are affected upon HGF 

administration. 
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    0min 15min           30min          1h                  2h                  4h 

 

Fig 3.13a Shows the changes in Mig-6 levels in H441 epithelial cells observed at different 

time points post administration of 40ng/ml HGF (hepatocyte growth factor) 

 

 

Figure 3.13b Densitometry analysis of western blot (fig 3.13a) 

HGF Induction of Mig-6 in NHBE cells 

Analysis of the Western blot by densitometry was carried out in order to look at what effects 

administration of HGF would have on different protein levels in NHBE cells. We normalized 

Mig-6 and EGFR expression using Actin as our control for equal protein loading.  

Analysis showed little change in EGFR expression following treatment with HGF (as 

expected since HGF does not bind to EGFR) whereas changes in Mig-6 levels were clearly 

evident. Mig-6 expression quickly increased in expression and seemed to plateau after about 
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30 minutes to 1 hour.Mig-6 expression increased dramatically (~3 fold) between 15 minutes 

and 30 minutes post HGF administration. This dropped slightly to 2 ½ times the initial level 

at 1 hour before rising to almost four times the initial level at 2 hrs and dropping back to 2 ½ 

fold again at the four hour time-point.  

This experiment would need to be repeated to see if this pattern would be repeated or not. It 

would also be interesting to look at other elements of the HGF pathway to see what effects 

administration of HGF would have on these and whether any of these elements is having any 

influence on the Mig-6 pattern observed in NHBE cells.  

    0min 15min          30min            1h                  2h                  4h 

 

 

 

Fig 3.14a Shows the changes in Mig-6 and EGFR levels in normal human bronchial 

epithelial (NHBE) cells observed at different time points post administration of 40ng/ml HGF 

using actin as a loading control 

Mig-6 

EGFR 

Actin 
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Figure 3.14b: densitometry analysis of fig. 3.14a 

3.9.2 EGF Induction of Mig-6 in H441 and NHBE cells 

As Mig-6 has been shown to be a negative regulator of EGFR we wanted to look at the effect 

of administering 40ng/ml of EGF to siRNA treated cells. Following this we also planned to 

look at the downstream elements of the EGF signalling pathway. First we established the 

effects of EGF on Mig-6 expression in cells.  

EGF Induction of Mig-6 in H441 cells: 

Unfortunately, since we do not have an Actin control we cannot normalize our Mig-6 

expression levels to the exact amount of protein loaded in each lane. However, since we 

quantified the protein concentration in each sample and attempted to load equal amounts of 

protein into each lane we can establish that expression of Mig-6 appears to be sensitive to 

EGF. 
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    0min 15min           30min          1h                  2h                  4h 

   

Fig 3.15a Shows the changes in Mig-6 levels in H441 cells observed at different time points 

post administration of 40ng/ml EGF (epidermal growth factor) 

 

Figure 3.15b Analysis by densitometry showed that an initial decrease was observed post 

EGF administration but by the 1 hour mark, Mig-6 levels began to steadily increase. By the 4 

hour time-point a two fold increase in Mig-6 is clearly evident. 
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EGF Induction of Mig-6 in NHBE cells 

    0min 15min          30min            1h                  2h                  4h 

A   

B   

  C  

Fig 3.16a Shows the changes in Mig-6 and EGFR levels in normal human bronchial 

epithelial (NHBE) cells observed at different time points post administration of 40ng/ml EGF 

(epidermal growth factor). Blot B: Shows EGFR levels at several time points following the 

administration of 40ng/ml EGF. C shows the Actin control blot. 
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Figure 3.16b Analysis of the blots in fig 3.16a show that over the duration of the experiment, 

the levels of EGFR have remained relatively the same whilst the levels of Mig-6 have 

increased and decreased at different time points. The blots were normalised to Actin to allow 

for any loading differences.  
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Levels of Mig-6 began to rise from the 15 min point onwards with a large decrease occurring 

at 1 hour post EGF administration. This dip was then followed by a steady rise in levels at the 

remaining time points.  

3.9.3 p-Akt levels in H441 cells in the presence and absence of EGF 

 

 

 

 

 

Fig 3.17a shows Western blot analysis for p-Akt in H441 cells treated with 50nm siRNA in 

the absence and in the presence of EGF 
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Figure 3.17b Analysis by densitometry showed that in the presence of 40ng/ml EGF, there 

was an increase in p-Akt levels in all our siRNA treated cells. 
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This experiment was designed to look at some of the elements of the EGFR signalling 

pathway in epithelial cells where Mig-6 has been knocked down. Half of the cells were 

subjected to siRNA treatment alone while the other half were treated in the presence of EGF. 

In the cells where not EGF was added it appears that there is an increase in p-Akt levels 

where Mig-6 has been knocked down using siRNA compared to the control where Mig-6 is 

expressed. In the cells where EGF has been administered, there appears to be no real 

difference between the levels of p-Akt in the control and siRNA treated cells.  

The above blot (figure 3.17a) shows that in the cells treated with 40ng/ml EGF there appears 

to be increased p-Akt levels compared with the cells not treated with EGF.  

 

The Western blot section of our experiments did not yield much data as we spent much of our 

time attempting to optimise our protocols to obtain useable data. We tried a number of things 

in order to optimise our protocol including: 

1. Switching our washing buffer from PBST to TBST. 

2. Changing our blocking buffer from 1% milk in PBST to 5% milk in TBST, also we 

switched from blocking at room temperature for one hour to a brief rinse in the new 

blocking buffer. 

3. Altering the concentrations of both our primary and secondary antibodies and diluted 

them in 5% milk in TBST instead of 1% PBST. 

4. We reduced the length of our washing steps from ten minutes to eight minutes. 

These changed yielded better blots and would allow our lab to be able to repeat our 

experiments and yield useful data on the proteins involved in the signalling pathways of 

interest. The optimisation of the Western blot protocol was successful at the end of my 
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time in the lab but shown below (fig3.18) is an example of the result obtained using the 

new western blot protocol. 

In the experiment below we treated the H441 cells with siRNA for 72hrs as detailed in 

section 2.1. After siRNA treatment we harvested RNA for real time PCR analysis and protein 

for Western blot analysis. As figure 3.18 below shows we successfully knocked down Mig-6 

expression. This is illustrated again by the Western blot images above confirming the reduced 

expression of Mig6 in siRNA treated cells only.  

 

                

 

 

Fig 3.18a Western blot showing silencing of Mig-6 in H441 epithelial cells using 50nm 

siRNA 
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Figure 3.18b  densitometry analysis of figure 3.18a indicated that there was a 99% decrease 

in Mig-6 levels when cells were treated with 50nm Mig-6 siRNA. 
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4. Discussion 

Our lab was interested in studying the role of Mig-6 in the normal situation and in 

pathological conditions. By understanding the normal role that this gene plays we can gain 

greater insight to the processes that lead to disease when this gene is either deficient or 

completely absent. We proposed to carry out a number of different experiments in order to 

achieve our aims. Our studies were divided into animal studies and in vitro cell based studies.  

Studies have previously been carried out to look at how Mig-6 is involved in the normal 

development of the lung and what happens when it is absent. We chose to look at the role of 

Mig-6 in an adult population of mice. An inducible knock out model was created for this 

purpose by crossing Rosa26-Cre-ERT2 (74) mice with Mig-6 flox/flox mice resulting in either 

Rosa26-Cre-ERT2; Mig-6flox/flox (Mig-6d/d) or Mig-6flox/flox (Mig-6f/f) mice. Upon 

administration of Tamoxifen to Mig-6d/d mice Mig-6 was knocked down. This provided us 

with adult mice lacking the Mig-6 gene and afforded us the opportunity to look at any effects 

that this would have on these mice, using the Mig-6f/f mice as a control.  

Our in vitro studies looked at an epithelial cell line and an endothelial cell line. Using siRNA, 

Mig-6 expression was successfully silenced in both cell types. In these cells we looked at cell 

viability following Mig-6 silencing. We also intended to look at elements of the EGF 

signalling pathway and how they are affected by silencing Mig-6 expression.  

Our initial experiments focused on the inducible knock out model. Once the Tamoxifen 

treated mice had reached six months in age (4 months post Tamoxifen treatment) they were 

sacrificed and the lung tissue harvested. Some of the harvested tissue was processed to 

paraffin wax blocks and set aside for histological staining. The rest of the tissues were used 
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for molecular studies. mRNA was extracted and used for real time quantitative PCR analysis 

for Mig-6, CCSP, T1-alpha, SP-C and Muc5ac using 18s rRNA as a control. 

Figure 3.1 shows the results of the real time quantitative PCR analysis of Mig-6+/+, Mig-6-/-, 

Mig-6f/f and Mig-6d/d mice for Mig-6 RNA. We expected that Tamoxifen treatment would 

cause the ablation of Mig-6 in adult Mig-6d/d mice. Rosa26-Cre-ERT2 mice were crossed 

with Mig-6 flox/flox (Mig-6f/f) mice resulting in our Mig-6d/d mice. As expected, administration 

of Tamoxifen to both of these populations of mice resulted in the successful ablation of Mig-

6 in the Mig-6d/d mice while Mig-6 expression was similar to normal adult levels in the Mig-

6f/f control mice. In this important experiment to test our conditional knockout model, we 

demonstrated that expression of Mig-6 was comparable between wild type mice and Mig-6f/f 

mice and between Mig-6-/- mice and Mig-6d/d mice. Therefore, this allowed us to use our 

inducible knockout model to study the effects that the loss of Mig-6 would have (if any) in 

adult mice.  

Comparison of the morphology of f/f and d/d adult mouse lungs 

It has been shown previously in our lab that Mig-6-/- mice exhibit altered lung morphology 

(increased alveolar spaces and altered septation compared with wild type mice (5). However, 

Mig-6 expression is ablated from conception in Mig-6-/- mice which hinders our efforts to 

elucidate the role of Mig-6 in adult mice. Therefore, we chose to carry out a set of 

experiments to compare lung morphology in Tamoxifen treated Mig-6f/f and Mig-6d/d mice. 

Lung sections from our Tamoxifen treated mice were stained using Haematoxylin and Eosin 

to show general morphology. Both the Mig-6d/d and Mig-6f/f mice showed normal lung 

morphology and no differences were noted between the two genotypes. Measurement of the 

alveolar spaces of Mig-6+/+, Mig-6-/-, Mig-6f/f and Mig-6d/d mice showed that while the Mig-6-

/- had significantly larger alveolar spaces, specific depletion of Mig-6 in adult mice (Mig-6d/d) 
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using Tamoxifen did not lead to any significant differences in alveolar size when compared to 

wild type mice and Mig-6f/f mice. 

Results of the histological analysis shows that when Mig-6 is ablated in adult mice using 

Tamoxifen, the lung tissue remains morphologically similar to the wild type untreated mice. 

These mice were at the adult stage of life and therefore their lungs were fully formed before 

treatment to induce ablation of Mig-6 commenced. Our results appear to indicate that once 

lung development is complete, Mig-6 may not have any noticeable effect on lung 

morphology.  

Pulmonary markers-CCSP, SP-C, T1 alpha, Muc5ac 

There is a significant difference in T1 alpha levels between Mig-6+/+ and Mig-6-/- mice with 

Mig-6-/- having greatly reduced expression of T1 alpha in the lung (see Figure 3.5). No 

significant difference in T1 alpha expression in the lung was measured between f/f and d/d 

mice, nor did T1 alpha levels in these mice differ significantly from the wild type levels 

measured.   This is an interesting result to note as T1 alpha levels were not affected when 

Mig-6 is knocked out at the adult stage of life while if it is knocked out in the germline then 

the resulting Mig-6-/- mice have significantly reduced T1 alpha levels, this may point to a 

decrease in type I airway epithelial cells as T1 alpha is used as a marker for this cell type. Our 

data indicate that Mig-6 and T1 alpha expression are both linked within the developmental 

process and that defective lung development in Mig-6-/- mice may contribute to the 

decreased expression of this important alveolar type I epithelial cell.  

SP-C levels in Mig-6-f/f and Mig-6d/d mice are unchanged from those seen in wild type levels 

while levels in Mig-6-/- mice are greatly elevated. Because the only difference in SP-C levels 

was seen in mice where Mig-6 is knocked out prior to foetal development this may point to a 

link between Mig-6 and SP-C in the developmental stages of life. It may be that Mig-6 has a 
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regulatory role and prevents overexpression of SP-C during development and when this 

control is removed SP-C levels increase greatly. It is interesting to note that SP-C expression 

has been found to increase when mechanical strain in the lung is increased (65) SP-C can be 

used as a marker for typ1 II epithelial cells so it may be that in mechanical strain on the lung, 

type II airway epithelial cell expression is increased. Lung morphology has developed 

normally in the Tamoxifen treated Mig-6d/d mice and no increase in SP-C was observed, 

suggesting that Mig-6 expression does not directly control SP-C levels.  However, SP-C is 

greatly elevated in the lungs of Mig6-/- mice suggesting that the increased SP-C expression 

observed here may be due to increased mechanical strain as a consequence of developmental 

defects in the lung morphology of Mig6-/- mice. Further investigations would be needed to 

confirm or disprove this hypothesis.  

MUC5AC levels in Mig-6-f/f and Mig-6d/d mice are not significantly different to that of wild 

type mice. The Mig-6-/- mice on the other hand had a dramatic increase in MUC5AC. This 

would suggest that MUC5AC levels may be linked with Mig-6 at a developmental stage but 

not once the lungs have been formed as in our Mig-6-f/f and Mig-6d/d mice. As previously 

mentioned, MUC5AC levels have been seen to be increased in airway disease (75) while 

decreased Mig-6 levels are often seen in airway disease. This might suggest that there could 

be a regulatory link between Mig-6 and MUC5AC.  

In the case of the CCSP measurements, it appears as though the Mig-6d/d group express about 

half the levels of CCSP compared with the wild type and Mig-6f/f mice. However, there was a 

large degree of variability noted in these measurements so despite obtaining significant 

differences, we would need to repeat this experiment to increase our confidence in our data 

for this marker. However, one must also consider the possibility that Mig-6 expression plays 

a role in regulating some functions of Clara cells in adult mice. If CCSP expression is 



94 
 

consistently decreased in Mig-6d/d mice, then further experimentation should be carried out to 

determine the role of Mig-6 in promoting CCSP expression.  

Measurement of the molecular markers in our different mouse genotypes provided some 

interesting results. In all four cases there was a significant difference noted between wild type 

and Mig-6 knockout mice. In all but the CCSP measurements, no significant difference was 

noted between our two genotypes of Tamoxifen treated mice. These levels were also 

comparable to the wild type measurements obtained at the same time. These data seem to 

indicate that Mig-6 does not directly regulate the expression of SP-C, T1 alpha and 

MUC5AC in adult mouse lung cells.  

In repeating the experiment we would also increase the number of animals of each genotype 

tested account for this variability and this would allow us to be more confident that our 

results would accurately represent the genotypes in question. 

In vitro cell studies 

The next set of experiments was designed to allow us to look at the effect of Mig-6 in specific 

cell types in vitro and gain a greater insight into the signalling pathways that are influenced 

when Mig-6 is knocked out. We looked at an epithelial cell line and an endothelial cell line to 

ascertain whether any differences would be noted when we knocked out Mig-6 in these cell 

types or whether the same signalling pathways would be affected in both cell types. 

The first step was to use RNA interference to knock out Mig-6 expression. This was 

successfully achieved using a concentration of 50nm siRNA. RNA was extracted from the 

treated cells and real time quantitative PCR analysis for Mig-6 showed that we were 

successful in silencing Mig-6 expression in both cell lines (See Figure 3.8 and 3.9). 

Following this we moved onto the next set of in vitro experiments. We carried out a cell 
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viability assay to look at whether silencing Mig-6 expression would have any effect on the 

viability of the cells. Interestingly, our results showed that the number of viable epithelial 

cells increased following silencing of Mig-6 expression using siRNA while cell viability was 

seen to decrease when Mig-6 expression was silenced in endothelial cells.  

We hypothesised from these results that in an epithelial cell population, silencing Mig-6 

expression may cause an increase in cellular proliferation which would explain the increase 

in viable cells measured. Another potential reason for the increased viable cells could be that 

in the absence of Mig-6, regular cell death does not occur at the same rate as normal resulting 

in increased cellular survival.  

A decrease in viable cells was observed when Mig-6 expression was silenced in endothelial 

cells. This led us to hypothesise that there was increased apoptosis in this cell population or 

that there was a decreased rate of cellular proliferation. To investigate this further we could 

use imunohistochemical staining for cleaved caspase 3 to look at apoptosis. 

This may be linked to the pathways affected when Mig-6 is removed and our next step was to 

investigate these pathways by looking at various protein levels in cells where Mig-6 has been 

silenced as well as cells where Mig-6 levels remain as normal. Because Mig-6 is known to be 

involved in the EGF signalling pathway that was our initial focus to see how downstream 

elements would be affected upon silencing of Mig-6 expression. Activation of the EGF 

receptor results in activation of various downstream signalling cascades including the 

RAS/ERK pathway, the PI3K/Akt pathway and the JAK/STAT pathway which coordinate to 

promote cellular survival and proliferation (76).  

Mig-6 has been shown to be a negative regulator of EGFR signalling (30) so when it is no 

longer present then EGF receptor activation kinetics are prolonged and the above mentioned 

pathways (Ras/Erk; PI-3K/Akt; and JAK/STAT) may be activated for longer than normal 
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leading to changes in cellular survival. It was interesting to note that when Mig-6 was 

silenced it had differing effects on the survival of epithelial cells and endothelial cells. To 

understand potential reasons for this it was necessary to look at levels of the individual 

components of each signalling pathway involved to see at which point in the signalling the 

differences occurred.  

HGF signalling has also been linked to Mig-6 which led us to decide to look at what effect 

HGF signalling pathways would have on Mig-6 expression and related signalling pathways. 

We intended to look and both EGF-dependent and HGF-dependent induction of Mig-6 

expression in lung epithelial cells treated with siRNA alongside untreated cells. In particular, 

we were interested in whether administration of either EGF or HGF would significantly 

affect the levels of Mig-6 expression and if so how long it would take to occur. We used 

H441 cells again as our epithelial cell line but this time we also used NHBE cells as a 

primary epithelial cell line to gain data from both a cell line and primary human cells. In 

addition to investigating expression of Mig-6, we also intended to look at levels of various 

proteins following EGF/HGF administration using Western blot analysis. The protein levels 

we were interested include: total Akt and activated phospho-Akt (p-Akt), total mTor and 

activated p-mTor, total EGFR expression and activated p-EGFR.  

Initially we experienced difficulty in getting our Western blot protocol to work sufficiently 

and as a result spent a large amount of our time altering the protocol in an attempt to optimise 

it. The changes (altering buffers, blocking solution, changing antibody concentration and 

altering incubation times) yielded better blots and would allow our lab to be able to repeat our 

experiments and yield useful data on the proteins involved in the signalling pathways of 

interest. The optimisation of the Western blot protocol was successful at the end of my time 

in the time in the lab. Had there been more time we would have carried out our planned 

investigation of the proteins involved in the pathways I mentioned earlier. In addition to 
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looking at the changes seen at the protein level, it would also be interesting to look at any 

changes seen at the RNA level to obtain the full picture. From the limited data we obtained it 

appears that administration of EGF to Mig-6 siRNA treated cells can cause an increase in the 

Mig-6 protein levels between 1 and 4 hours post-administration of EGF. This experiment 

would need to be repeated to ascertain whether this is truly the case.  

Our results showed some interesting data which provides further routed of investigation of 

the role of Mig-6. Of particular interest were the results of the in vitro studies which showed 

differing effects on cell survival/proliferation when comparing lung epithelial and endothelial 

cells. The next step would be to use our improved Western blot protocol to obtain more data 

on the different proteins affected in both cell types following silencing of Mig-6. This would 

lead to a greater understanding of how these cells are affected in vitro and perhaps lead to 

further research into potential therapies to overcome the effects of a loss of Mig-6.  

Future directions for this research: 

As Mig-6 is a stress induced gene our lab is interested in looking at what happens when Mig-

6 is knocked out at the adult stage of life but this time exposing the animals to a stress (such 

as cigarette smoke for example) and examining whether this would show different effects 

than when we simply just knocked out Mig-6 in adult mice. In our experiments the lungs of 

induced knockout mice appeared to remain normal so it would be of interest to investigate 

whether the same would be true when the induced knockout mice were also exposed to stress.  

Because of the differences noted between effects on siRNA treated epithelial and endothelial 

cells, our lab is interested in pursuing this and looking in more detail at the role of Mig-6 in 

both types of cells. 



98 
 

This inducible knockout model would also be beneficial in studying the role of Mig-6 

expression in cancer, especially in light of its putative role as a tumour suppressor (2).  

By understanding the role that Mig-6 plays in the normal individual, we can gain a better 

insight into what happens when Mig-6 is absent and where things go wrong at a molecular 

level. This will enable the development of more treatment options and ways to overcome the 

effects which result from the absence of Mig-6. 
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