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Background

Migraine is a common neurological disorder that last on the order of hours to days and affects approximately 28 million people in the United States.  Advances in molecular biology have greatly clarified the pathophysiology of migraine, though much research has yet to be done.  Of particular importance to this research is the role of Calcitonin Gene Related Peptide (CGRP).  CGRP is neuropeptide that when injected into migraineurs often causes migraines and migraine-like headaches to develop.  The presence of CGRP alone is not enough; it must bind to the cell-surface molecule Receptor Activity Modifying Protein 1 (RAMP1).  This triggers a signaling cascade in the cell, which is thought to eventually up-regulate CGRP expression, creating a positive feedback loop that is consistent with the observation that the duration of migraines can be quite sustained.  


In an effort to create a model system in the mouse, a transgenic strain was generated through virus-mediated gene delivery and subsequent breeding programs.  The gene introduced to the mice was the human RAMP1.  This transgenic strain was engineered in such a way that the human RAMP1 gene is only expressed in the nervous system (see fig. 1).  


A variety of experimental methods have been developed to assay the behavior of mice when treated with noxious stimuli normally associated with pain, such as heat, excessive light or mechanical pressure.  Of interest to this study is the test of photophobia, or light-aversive behavior.  The experiment was performed by putting a mouse in a box that was well-lit on one half, and dark on the other half.  The wall separating the two halves had a small hole through which the mouse could travel.  The time spent in light was recorded in seconds, and the person testing the mice was blind to their genetic background.
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Questions
1)  Do transgenic mice spend less time in the light than control mice?

2) Does gender have an influence on time in light between transgenics and controls?

Hypothesis

1) Ho:  EQ \O(x,ˉ) c =  EQ \O(x,ˉ) t
Ha:  EQ \O(x,ˉ) c >  EQ \O(x,ˉ) t

2) Ho:   EQ \O(x,ˉ) tm =  EQ \O(x,ˉ) tf =  EQ \O(x,ˉ) cm =  EQ \O(x,ˉ) cf
Ha:   EQ \O(x,ˉ) tm ≠  EQ \O(x,ˉ) tf ≠  EQ \O(x,ˉ) cm ≠  EQ \O(x,ˉ) cf

Statistical Tests


We defined our groups of mice as two independant samples.  To determine whether transgenic mice spent significantly less time in the light compared to the control mice, we used Student’s t-test.  We used ANOVA to test our second hypothesis to see if gender affects time spent in light.  We performed a further ANOVA with the Bonferroni correction.

Results

Hypothesis 1:
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The MEANS Procedure

Analysis Variable : count

Lower 95% Upper 957

N Mean Std Dev Std Error CL for Mean CL for Mean

a2 102.8333333 19.9167985 3.0732287 96.6268220 109.0398447
-~ genotype:

Analysis Variable : count

Lower 95% Upper 957
N Mean Std Dev Std Error CL for Mean CL for Mean
a5 74.8571429 40.1307736 6.7833388 61.0717398 88.6425459
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Statistics
Lower CL Upper CL Lower CL Upper €L
genotype N Mean  Mean Mean Std Dev Std Dev  Std Dev
e 42 96.627 102.83  109.04  16.388 19.917  25.397
€ 35 G1.072 74.85¢7  88.643  32.461 40.131  52.579
Diff (1-2) 131946 27.976 420006  26.538 30.772  35.526
T-Tests
Variable  Method Var iances DF  tValue Pro> it
count. Pooled Equal 75 3.97 0.0002
count. Satterthuaite  Unequal 47.7 378 0.0005
Equality of Variances
Variable  Method Num DF  Den DF  F Value Pr > F
count. Folded F 34 a1 4.06  <.000

Std Err

3.0732
6.7833
7.0428




Hypothesis 2:
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Analysis Variable : count

N Lower 957 Upper 957
genotype  Obs N Mean Std Dev Std Error  CL for Mean  CL for Mean
of 18 18 104.8333333 19.1165158 4.5058060 95.3269187  114.3397530
em 24 24 101.3333333 20.7734502 4.2403628 925614746 110.1051920
o 14 63.1428571 47.2324158 12.6233941 35.8716722 90.414042
tn 21 21 82.6666667 33.5802521 7.3278118 67.3811192 97.9522142
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[image: image7.png]Dependent Variable: count

Source
Model
Error

Corrected Total

R-Square
0.212533

Source

genotype

The ANOVA Procedure

Sun of
OF Squares Mean Square  F Value
3 18269.73377 6089.91126 6.57
78 67692.21429 927.29061
76 85961.94805
Coeff Var Root MSE  count Mean
33.79106 30.45145 90.11688
OF Anova 8§ Mean Square  F Value
3 18269.73377 6089.91126 6.57

Pr>F
0.0005

Pr>F
0.0005
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Bonferroni (Dunn) t Tests for count

0TE: This test controls the Type | experimentwise error rate, but it generally has a higher Type
Il error rate than Tukey's for all pairuise comparisons.

Alpha 0.05
Error Degrees of Freedom 73
Error Mean Square 927.2906
Critical Value of t 2.71206

Comparisons significant at the 0.05 level are indicated by Xk,

Difference

genotype Between Sinultaneous 95%
Conpar ison Means  Confidence Linits

of - cm 3.500 -22.251  29.251

cf - tm 22,167 -4.361  48.634

of - tf 41.690 121261 71.120 *xx
cm - cf -3.500 -29.251  22.251

cm - tn 18,667 -6.011 43344

cm - tf 38.190 101417 65.364 xxx
tn - of -22.167 -48.694  4.361

tn - cn -18.667 -43.344  6.01

- tf 19,524 -8.971  48.019

€f - of -41.690 -71.120 -12.261 xxx
£f - cn -38.190 -65. -10. xx
£f - tn -19.524 -48.019





Conclusion


After conducting the statistical tests, we found that we were able to answer our initial questions.  We wanted to know if insertion of the gene for human RAMP1 would cause the transgenic mice to spend less time in light when compared to the control mice that lacked the gene.  We also wanted to know what effect, if any, gender had on time spent in the light between controls and transgenics.  

Using SAS, we analyzed the data to test our hypotheses.  We used Student’s t-test for our first hypothesis, and we found that transgenic mice do spend less time in the light (t = 3.97, P = 0.0002).  Next we used the ANOVA procedure to determine if gender influenced the time spent in light.  We found that there is a difference in the sample means (F = 6.57, P = 0.0005), so we performed another ANOVA with a Bonferroni correction to see which groups may have been significantly different from each other.  We found that transgenic females spent significantly less time in the light than the control females; however there was no significant difference between transgenic males versus control males.

The initial delivery of the gene into the “ancestral” transgenic mice was a rather difficult and, at the molecular level, a somewhat random process, so we are unsure of the exact location of the transgene within the mouse genome.  Although unlikely, it is possible that the gene inserted into another gene, and that this disruption may account for the observed light aversive behavior.  
Fig. 1  Introduction of the human RAMP1 gene into the mouse genome was engineered in such a way that a substantial quantity of protein is made and is present on the neural cell surface.
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