
Fig. E-1

Representative diagram (generated by the IPA software) used to analyze ACAN, illustrating its possible interrelationships with genes for transcription

regulators, cytokines and hormones, and the extracellular matrix of ligamentous tissues. RT-qPCR confirmed that ACAN was significantly upregulated in

female compared with male study participants. Data were analyzed through the use of IPA (Ingenuity� Systems, www.ingenuity.com).
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Fig. E-2

Representative diagram (generated by the IPA software) used to analyze WISP2, illustrating its possible interrelationships with genes for transcription

regulators, cytokines and hormones (including estrogens and progesterone), and the extracellular matrix of ligamentous tissues. RT-qPCR confirmed

that WISP2 was significantly downregulated in female compared with male study participants. Data were analyzed through the use of IPA (Ingenuity�

Systems, www.ingenuity.com).
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Fig. E-3

Representative diagram (generated by the IPA software) of four functional pathways that contain genes identified in the microarray analysis as significantly

upregulated (red) or downregulated (green) in female compared with male study participants (see Table II for definitions of gene abbreviations). This

diagram for genes that are not linked to the X or Y chromosome describes the functional pathways “gene expression,” “organismal development and

cell-to-cell-signaling and interaction,” “developmental disorder,” and “metabolic disease.”Datawere analyzed through the use of IPA (Ingenuity�Systems,

www.ingenuity.com).
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Fig. E-4

Representative diagram (generated by the IPA software) of several functional pathways that contain genes identified in the microarray analysis as

significantly upregulated (red) or downregulated (green) in female compared with male study participants. These pathways for all genes found to be

significantly upregulated and downregulated, including those that are linked to the X or Y chromosome, overlap those shown in Figure E-3 and also involve

the larger functional pathways “connective tissue development and function” and “connective tissue disorders.” Data were analyzed through the use

of IPA (Ingenuity� Systems, www.ingenuity.com).
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Appendix E-1 Comments and Statistical Analysis of the Agilent Whole-Genome Array Data
The authors were very aware of numerous potential problems in controlling variables for gene-expression studies. Such variables in
this study included the time from injury of the patients to ACL surgery, differences in BMI among the patients, the female menstrual
cycle, and contact or noncontact injury type. Ordinarily, such variables would be expected to yield a poor correlation in intraclass
statistical analyses of the microarray data for (i.e., analyses within the female subgroup and within the male subgroup). However,
cluster analyses conducted by the Biomedical Genomics Core at Nationwide Children’s Hospital in Columbus, Ohio, resulted in a
highly significant p value (£0.05) within each of these subgroups (see the Statistical Analysis of Agilent Whole Genome Array Data
section below). Thus, there was a very high degree of confidence in the statements that all four female study participants yielded
equivalent microarray data and that all threemale participants did likewise. In other words, the variability in patient time to surgery,
BMI, and other such possible factors had little or no effect on the statistical outcome, which demonstrated very high intraclass
correlations.

This result was further confirmed by qPCR analysis, which included additional patients and variability. Here, the statistical
analysis yielded the same significant results in the three genes that were selected on the basis of their relation to the extracellular
matrix of ligaments. The qPCR analysis was also conducted to address the concern of false positives and to confirm the validity of
the statistical significance of the microarray results. In this regard, the chosen false discovery rate (FDR) of 10 was considered highly
restrictive and therefore limited the number of statistically significant genes to the eighteen that were reported. The choice of a low
FDR of 10 thus reduced the possibility of false positives while still allowing eighteen genes to be identified as differentially expressed.
An alternative choice of 15 for the FDR would have increased both the probability of false positives and the identification of
statistically significant genes. Therefore, the ACAN, FMOD, and WISP2 genes reported were not false positives, as indicated by the
use of the low FDR of 10 as well as the qPCR analysis confirmation.

The control of variables to achieve precise gene-expression studies also extended to surgical specimen handling and prep-
aration. In the surgical suite, removal of ACL tissue from the knee of a patient was done with a sterile, sharp, and rather small
arthroscopic knife. The knife was used one time only for specimen harvesting and was then discarded. The tissue excised was taken
from the base of the tibial stump to the ruptured end of the ACL, with as much of the ACL stump retrieved as possible. Gene
expression analysis of ACL tissue was done with an optimized methodology for preservation of RNA through use of RNAlater
buffer14. The detailed protocol from the manufacturer of RNAlater was followed strictly, with no variation from that procedure for
any of the ACL specimens. Freezing of the samples occurred twenty-four hours after ACL immersion in RNAlater (according to the
manufacturer’s protocol). Meticulous attention to methodology was necessary to prevent RNA degradation and to reduce sample
variability that could result in increased standard error and loss of statistical significance. n
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