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Abstract

Microarray analyses were performed on livers from adrenalectomized male Wistar rats chronically

infused with methylprednisolone (MPL) (0.3 mg/kg·h) using Alzet mini-osmotic pumps for

periods ranging from 6 h to 7 d. Four control and 40 drug-treated animals were killed at 10

different times during drug infusion. Total RNA preparations from the livers of these animals were

hybridized to 44 individual Affymetrix REA230A gene chips, generating data for 15,967 different

probe sets for each chip. A series of three filters were applied sequentially. These filters were

designed to eliminate probe sets that were not expressed in the tissue, were not regulated by the

drug, or did not meet defined quality control standards. These filters eliminated 13,978 probe sets

(87.5%) leaving a remainder of 1989 probe sets for further consideration. We previously described

a similar dataset obtained from animals after administration of a single dose of MPL (50 mg/kg

given iv). That study involved 16 time points over a 72-h period. A similar filtering schema

applied to the single-bolus-dose data-set identified 1519 probe sets as being regulated by MPL. A

comparison of datasets from the two different dosing regimens identified 358 genes that were

regulated by MPL in response to both dosing regimens. Regulated genes were grouped into 13

categories, mainly on gene product function. The temporal profiles of these common genes were

subjected to detailed scrutiny. Examination of temporal profiles demonstrates that current

perspectives on the mechanism of glucocorticoid action cannot entirely explain the temporal

profiles of these regulated genes.

Glucocorticoids are a class of steroid hormones that play a central role in regulating the

production, storage, and distribution of substrates for systemic energy metabolism. Most

tissues are targets for glucocorticoid action and contribute in some way to their wide-ranging

physiological effects. Synthetic glucocorticoids (corticosteroids) are used therapeutically for

a wide variety of conditions that require immune and/or inflammatory modulation. Because

corticosteroids pharmacologically magnify the physiological actions of endogenous

glucocorticoids, therapeutic use of this class of drugs is accompanied by a wide range of

adverse effects that include hyperglycemia, dyslipidemia, muscle wasting, hypertension,
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nephropathy, fatty liver, and an increased risk of arteriosclerosis (1–5). The physiological

and pharmacological effects of these drugs are complex and involve changes in the

expression of many genes in multiple tissues.

Microarrays can provide a method of high-throughput data collection that is necessary for

constructing comprehensive information on the transcriptional basis of such complex

systemic polygenic phenomena. When microarrays are used in a rich in vivo time series,

they yield temporal patterns of changes in gene expression that illustrate the cascade of

molecular events that cause broad systemic responses. However, the magnitude of data

produced in such studies provides challenges of data mining and analysis.

Previously, we described the mining and analysis of microarray time series illustrating the

responses of liver, skeletal muscle, and kidney taken from the same set of animals to a single

bolus dose of the corticosteroid methylprednisolone (MPL) (6 – 8). These time series

included individual chips from multiple control animals as well as multiple animals at each

of 16 times over a 72-h period after bolus dosing with MPL. Because these experiments

were initiated using adrenalectomized animals, the drug in essence acts as a stimulus that

perturbs the homeostatic balance of the system, and the experiment monitored the deviation

of the system and its return to the original state. Mining such time series datasets presents

uniquely different problems from those encountered when microarrays are used to

distinguish one group from another (e.g. cancerous vs. noncancerous tissues) (9 –11). For

this type of application, one attempts to define a pattern or fingerprint that distinguishes such

groups with very high probability, and need not include all differentially regulated genes. In

those cases, it is identifying a distinguishing pattern of gene expression rather than the

relationship between the genes that is the important focus. In mining a time series

microarray dataset, the problem is sorting through the vast amount of data to identify probe

sets with temporal patterns of change in expression that indicate that the gene is regulated

over time. In this case, the mechanistic relationships between the genes whose expression is

changing in response to the stimulus are of paramount importance. For example, the

stimulus may change the expression of a particular transcription factor that in turn alters the

expression of downstream genes. For this application, the goal of the initial data mining is to

avoid discarding valuable data. This is of particular importance because in our hands, each

gene that is identified as being potentially regulated becomes the subject of extensive

literature searches to allow placement into a temporal context of all other regulated genes.

Although very useful, a single time series only provides a one-dimensional view of the

dynamics of the system in response to the stimulus. A pharmacological time series is

different from most time series studies (for example those assessing developmental changes)

in that it can be repeated using a different dosing regimen. A second dosing regimen is

valuable in two regards. First, it can serve to corroborate results of the first dosing regimen.

When considering gene array results, this can be useful. Second, the results can be used to

group genes into clusters with common mechanisms of regulation. If two or more genes

have a common mechanism of regulation, then their response profiles should be the same

regardless of the dosing regimen. In the present report, we describe the use of microarrays to

broadly characterize the response of liver to a second dosing regimen that entailed chronic

infusion of MPL. Here the drug essentially was used as an unbalancing stimulus, and the
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experiment evaluated the capacity of the system to rebalance in the continuous presence of

the drug. This dataset was mined using a similar filtration approach as was applied to the

acute dosing dataset, and results from both datasets were compared. Probe sets common to

both analyses were identified, allowing the coincidental evaluation of the two profiles for

each gene.

Materials and Methods

Animals

Adrenalectomized male Wistar rats with body weights of 339 ± 28 (SD) g were used in the

study. All animals were housed in our University Laboratory Animal Facility maintained

under constant temperature (22 C) and humidity with a controlled 12-h light, 12-h dark

cycle. A time period of at least 2 wk was allowed before they were prepared for surgery.

Rats had free access to rat chow and 0.9% NaCl drinking water. This research adheres to

Principles of Laboratory Animal Care (National Institutes of Health publication 85-23,

revised 1985) and was approved by the Institutional Animal Care and Use Committee of the

State University of New York at Buffalo.

Forty rats were administered 0.3 mg/kg·h infusions of MPL sodium succinate (Solu-Medrol;

The Upjohn Co., Kalamazoo, MI) reconstituted in supplied diluent. The infusions were

administered via Alzet osmotic pumps (model 2001, flow rate 1 μl/h; Alza, Palo Alto, CA).

The pump drug solutions were prepared for each rat based on its predose body weight. On

the day of implantation, rats were anesthetized using 60 – 80 mg/kg ketamine and 8 –10

mg/kg xylazine im. Pumps were sc implanted between the shoulder blades on the back. Rats

were killed at various times up to 7 d. The time points included were 6, 10, 13, 18, 24, 36,

48, 72, 96, and 168 h. A control group of four animals was implanted with a saline-filled

pump and killed at various times throughout the 7-d study period. A more detailed

description of the experiment can be found in previous reports (12, 13).

Microarrays

Liver samples from each animal were ground into a fine powder in a mortar cooled by liquid

nitrogen and 100 mg was added to 1 ml prechilled Trizol reagent (Invitrogen, Carlsbad CA).

Total RNA extractions were carried out according to manufacturer’s directions and were

further purified by passage through RNeasy mini-columns (QIAGEN, Valencia, CA)

according to manufacturer’s protocols for RNA clean-up. Final RNA preparations were

resuspended in RNase-free water and stored at −80 C. The RNAs were quantified

spectrophotometrically, and purity and integrity were assessed by agarose gel

electrophoresis. All samples exhibited 260/280 absorbance ratios of approximately 2.0, and

all showed intact ribosomal 28S and 18S RNA bands in an approximate ratio of 2:1 as

visualized by ethidium bromide staining. Isolated RNA from each liver sample was used to

prepare target according to manufacturer’s protocols. The biotinylated cRNAs were

hybridized to 44 individual Affymetrix GeneChips Rat Genome 230A (Affymetrix, Inc.,

Santa Clara, CA), which contained 15,967 probe sets. These gene chips contain over 7000

more probe sets than the ones used (U34A) in our previous liver bolus-dose MPL study (6 –
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8). The high reproducibility of in situ synthesis of oligonucleotide chips allows accurate

comparison of signals generated by samples hybridized to separate arrays.

Data analysis

Affymetrix Microarray Suite 5.0 (Affymetrix) was used for initial data acquisition and

analysis. The signal intensities were normalized for each chip using a distribution of all

genes around the 50th percentile. The dataset was then loaded into a data mining program,

GeneSpring 7.0 (Silicon Genetics, Redwood City, CA), for further analysis. The generated

dataset has been submitted to the National Center for Biotechnology Information (NCBI)

Gene Expression Omnibus (GEO, http://www.ncbi.nlm.nih.gov/projects/geo/) database

(GDS972). Before screening for probe sets with altered expression levels, the dataset was

normalized again to the mean values of control samples so that all probe sets from control

samples had a mean value of 1, and probe sets from treated animals had a value of either

greater than, less than, or equal to 1, representing up-regulation, down-regulation, or no

change. These normalized probe sets were then filtered with a series of predetermined

screening criteria to identify probe sets with appreciable expression levels, expression

changes, and acceptable data quality. This set of filters is approximately the same as used to

analyze the acute bolus dosing datasets with minor modifications to accommodate the

different number of samples in the two experiments (6 – 8).

The process of data mining was performed in the GeneSpring program, and the progress

after each step was visualized using a cluster feature of the program. This cluster feature

could rearrange the order of the probe sets and group them based on the similarity

(Pearson’s correlation) of their expression dynamics. Then the probe sets that were not

eliminated by the filter were displayed vertically as a gene tree, and their expression

dynamics over time were displayed horizontally in colors with yellow in the graph

representing an expression ratio around 1, or no change. The color progressing toward red

indicates a normalized value greater than 1, or up-regulation, and the color toward blue

indicates a value less than 1, or down-regulation from control levels. The brightness of the

colors reflects the original signal intensities or expression levels before normalization. The

more abundantly expressed mRNAs exhibit brighter colors. Figure 1 shows the gene tree of

the entire dataset (15,967 probe sets). The x-axis represents the 11 time points including

vehicle controls (nominally time 0). The y-axis represents the list of the probe sets in order

of similarity. Figure 2 (top) shows a magnification of five probe sets on the tree with an

apparent response of enhanced expression. It should be noted that two of these probe sets

directly adjacent to each other, 1370200 and 1387878, are both for the enzyme glutamate

dehydrogenase 1 (Glud1). This enzyme is involved in ammonia detoxification, which is

necessary when amino acid carbon is used for gluconeogenesis (14). A significant deficit of

the gene tree representation is that all time intervals are represented as equal, and therefore

to some degree temporal patterns are misrepresented in the gene tree presentations. This is

illustrated by comparing the top and bottom panels in Fig. 2. The bottom panel shows a

linear plot of the data for the two probe sets for Glud1 presented in the top panel. As

illustrated by this example, it is possible to visually identify genes under regulation using

gene trees. However, this approach does not entail objective criteria for selection of probes

for further consideration.
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To screen for the probe sets objectively, the entire dataset was filtered with criteria similar to

the ones applied to the dataset from a bolus-dose MPL experiment (6 – 8). This approach

does not select for probe sets but rather eliminates those probe sets that do not meet certain

criteria, leaving the remainder for further consideration. The first filter was designed to

eliminate probe sets for genes that are not expressed in the liver. This filter employed a

function in the Affymetrix Microarray Suite 5.0. During initial data analysis, a call of

present (P), absent (A), or marginal (M) for each probe set on each chip was determined

based on the intensity comparison of the matched and mismatched probe sequence pairs.

The first filter eliminated all probe set that did not have a call of P on at least four of the 44

chips. This filter eliminated 6668 probe sets, leaving a remainder of 9299 probe sets for

further consideration. These genes are more likely to be expressed in rat liver than those that

were eliminated.

The second level of filtering that we applied was designed to eliminate probe sets that could

not meet the basic criterion of a regulated probe. Specifically, this filtering approach was

designed to eliminate probe sets whose average did not deviate from baseline by a certain

value for a reasonable number of time points and employed two filters that were designed to

eliminate probe sets that were neither down- nor up-regulated. The first of these filters

eliminated probe sets that could not meet a minimal criterion for down-regulation. Starting

with the 4P filtered list, we eliminated all probe sets that did not have average values less

than 0.65 in at least two conditions (time points). Those probe sets that were not eliminated

by this filter were retained as potentially down-regulated probe sets. The next filter was

designed to eliminate probe sets that could not meet a minimal criterion for up-regulation.

Starting with the 4P filtered list, we eliminated all probe sets that did not have average

values above 1.5 in at least two conditions (time points). Those probe sets that were not

eliminated by this filter were retained as potentially up-regulated probe sets. However, there

were a small number of probe sets that were not eliminated by either filter. Using a Venn

diagram, we removed these from both lists and created a list of probe sets with potential

complex regulation. Probe sets not eliminated by this filtering approach included 1581

potential down-regulated probe sets, 1212 potential up-regulated probe sets, and a group of

85 probe sets that met both criteria.

The last filter we applied addressed the quality of the data. For this quality control filter, we

eliminated probe sets that did not meet two conditions. The first condition focused on the

control chips. As indicated above, our initial operation was to divide the value of each

individual probe set on each chip by the mean of the values for that probe set on the four

control chips. Therefore, the quality of the control data for each particular probe set is of

unique importance in defining regulation by the drug. This filter eliminated probe sets

whose control values exhibited coefficients of variation of greater than 50%. The second

condition focused on the remaining 10 time points. This filter also eliminated probe sets

with coefficients of variation for more than five of the remaining 10 time points exceeded

50%. After the application of this filter, 1989 probe sets remained for consideration. Of the

1989, 1049 were in the up-regulated list, 922 were in the down-regulated list, and 18 were in

the list that met both criteria. Figure 3 shows a gene tree of all 1989 remaining probe sets.

The three lists are published as supplemental data on The Endocrine Society’s Journals

Online web site at http://endo.endojournals.org.
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Results

Figure 4 (left) presents concentrations of MPL in plasma of animals receiving chronic

glucocorticoid administration through Alzet pumps. The infusion dose (0.3 mg/kg·h) was

chosen for dose equivalency at 168 h (the final time point in this study) with the single 50

mg/kg dose employed in our acute studies. By 6 h, MPL levels reach a stable steady state

that is maintained throughout the 7-d infusion period. Preliminary experiments (data not

shown) demonstrated that steady-state drug levels were attained by 6 h after pump

implantation. Therefore, 6 h was chosen as the initial time point for these studies. In

contrast, single bolus dose administration (right) results in drug levels that dissipate in a

biexponential fashion and reach below the level of detection by 7 h after drug

administration. Analyses of MPL kinetics for both acute and chronic dosing have been

described previously (12, 15). In addition, pharmacokinetic/pharmacodynamic relationships

for the expression of both tyrosine aminotransferase (TAT) and phosphoenolpyruvate

carboxykinase (PEPCK) activities and mRNA levels assessed by Northern hybridization

have been previously published for both the acute and chronic dose regimens (15, 16).

Data mining of gene arrays from this chronic MPL treatment series identified 1989 MPL-

regulated probe sets on the R230A gene chips used in this experiment. We also previously

obtained liver samples from a population of animals after administration of a single dose of

MPL. Liver samples from those animals were collected in a time series that involved 16

time points over a 72-h period. RNAs from those livers were applied to the older Affymetrix

RU34A chip. A similar filtering schema as applied to that dataset identified 1519 probe sets

as being regulated by MPL. Using Affymetrix homology tables and Blast searches, we

identified 464 probe sets of the 1519 on the U34A chip that corresponded to 417 of the 1989

identified probe sets on the U230A chip. Because both chips in some cases contain multiple

probe sets for the same gene, and because there is a higher degree of probe set redundancy

on the older U34 chip, the number of corresponding probe sets common to the two chips are

not equal. Likewise, the number of genes actually represented in this common set is less

than the number of probe sets. We identified 358 genes that were regulated by MPL in

response to both dosing regimens. Most likely this list does not contain all genes regulated

by MPL in liver. A perusal of both data-sets indicates that there were many probe sets that

failed the quality control filter on one of the two chips and were thus eliminated.

Nonetheless, these 358 genes have a very high degree of certainty of being regulated by

MPL in the liver. In addition, the two profiles taken together provide an important

foundation for understanding the mechanisms underlying the drug’s regulation of genes in

the liver.

Response profiles

Of the 358 genes, profiles for 109 showed enhanced regulation after both dosing regimens.

A reasonable hypothesis is that if different genes are responding by the same mechanism of

regulation, then their profiles should be the same in response to these two different dosing

regimens. However, examination of individual profiles demonstrates that this is not always

the case. As an example, Fig. 5 shows response profile exemplars of two different genes

with enhanced expression to the two dosing regimens but that differ from each other in

Almon et al. Page 6

Endocrinology. Author manuscript; available in PMC 2014 October 02.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



response to MPL. The first gene (Fig. 5, left) is ornithine decarboxylase 1 (Odc1), the first

enzyme in polyamine biosynthesis (17). This gene exhibits tolerance, a phenomenon we

have earlier described for the enzyme TAT in liver (12, 18). Specifically, this gene almost

recovers to its baseline after a period of time in response to chronic MPL infusion despite

continuous presence of the drug (12). In various earlier reports, we presented data

demonstrating that the glucocorticoid receptor (GR) is strongly down-regulated in response

to MPL (12, 13, 15, 18, 19). Because GR mediates the effect of the drug, the large reduction

in this effector molecule should greatly reduce the driving force for changes in gene

expression, thus reducing the effect of the drug. The second gene (Fig. 5, right) showing

enhanced expression is tryptophan 2,3-dioxygenase (Tdo2), the first enzyme in the

kynurenine pathway (20). For this gene, the enhanced expression in response to the single

bolus dose is more sustained than Odc1. However, the chronic time profile shows a second

and higher period of enhanced expression that continues throughout the entire 168-h

infusion period. These data illustrate that enhanced expression to corticosteroids probably

involves multiple mechanisms and that our initial classification of enhanced regulation is too

simplistic.

Of the 358 genes, the profiles of 104 showed down-regulation after both dosing regimens.

As with enhanced regulation, this classification is inadequate to capture the multiple patterns

extant within this group. As an example, Fig. 6 shows the expression profiles of two genes

that exhibit reduced expression in response to both dosing regimens. The first gene (Fig. 6,

left) is progestin and adipoQ receptor family member VII (paqr7). One endogenous ligand

for this receptor is adiponectin, a protein hormone produced and secreted by adipocytes and

which regulates the metabolism of lipids and glucose (21). The response of this gene to

acute dosing is a transient reduced expression. The first part of the response profile to

chronic infusion also suggests a transient down-regulation with return to baseline. However,

a second influence seems to then cause a slow decline in expression throughout the

remainder of the infusion period. The second exemplar of a gene responding to both dosing

regimens with decreased expression (Fig. 6, right) is C-type lectin, superfamily member 13,

also known as Kupffer cell receptor (Kclr), which is involved in the cellular immune

response (22). The response of this gene to acute dosing is a longer lasting transient period

of decreased expression than is seen with paqr7. However, the response to chronic dosing is

a decreased expression that is sustained throughout the entire infusion period.

The remaining 145 of the 358 genes showed profiles suggesting complex regulation

involving both enhanced expression and down-regulated expression. In the initial analysis of

the acute response dataset, we identified two clusters of genes with what we referred to as

biphasic regulation in which there was an initial down-regulation followed by enhanced

expression. Figure 7 shows the acute and chronic profiles of two genes that show initial

down-regulation in the acute profile followed by a period of enhanced regulation. The first

gene (Fig. 7, left) is G0/G1 switch gene 2 (GOS2), which is involved in cell cycle regulation

(23). The acute profile shows down-regulation followed by enhanced expression. In the

response to chronic infusion, the initial down-regulation phase is only suggested by one

point and is followed by enhanced expression that continues throughout the entire 168 h.

However, the pattern suggests that a third factor may be influencing expression beyond 48 h.
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In preliminary experiments, we determined that the release from the pump required about 6

h to reach steady-state blood MPL concentrations. This governed our choice of 6 h as the

first sampling point. The second exemplar of down-regulation followed by enhanced

regulation (Fig. 7, right) is arginase 1 (Arg1), which is involved in ammonia detoxification

(24). Acutely the profile shows a sharp down-regulation followed by a period of enhanced

regulation and a return to baseline by 48 h. However, in the response to chronic infusion, the

initial down-regulation was missed due to our sampling schema. The profile does suggest

that a second influence may be intervening after 24 h to maintain the enhanced expression

throughout the remainder of the infusion period.

Figure 8 provides examples of two genes in which the profile suggests a period of enhanced

expression followed by down-regulation. The first exemplar (Fig. 8, left) is heterogeneous

nuclear ribonucleoproteins methyltransferase-like 2 (Hrmt1L2), which is involved in the

regulation of transcription (25). This enzyme shows a period of enhanced regulation

followed by down-regulation in both profiles. The second exemplar in this group is nuclear

receptor superfamily 0, group B, member 2 (NR0b2), also known as small heterodimer

partner (Fig. 8, right). Proteins in this superfamily bind and are activated by small

hydrophobic hormones such as retinoic acid, thyroid hormone, and steroids. This

superfamily also includes orphan nuclear receptors (26). The acute profile for this gene

shows a rapid and short-lived transient increase followed by a relatively long-lasting period

of down-regulation. The chronic profile misses the initial up-regulation but captures what

appears to be a two-phase down-regulation.

Gene groupings and expression profiles

We also searched all 358 genes primarily using the NCBI “search across databases” feature.

Based on this information and domain knowledge, we grouped the 358 genes primarily on

function with two additional groups based on subcellular localization (mitochondrial and

plasma membrane). These groups are presented in Tables 1–13 and list identifying criteria

as well as temporal responses after both acute and chronic treatments. Although not perfect,

these groupings together with the expression profiles provide insight into the global impact

of corticosteroids on the liver. The most highly populated group is termed transcription-

translation, which contains 54 genes (Table 1). The majority of genes in this group are

transcription factors, indicating that a major influence of corticosteroids derives from their

ability to alter the effect of other influences of transcription. Because alterations in the

amount of messages have an impact only once they are reflected as changes in protein, the

consequence of these changes should be delayed in time. Such a time delay may therefore

explain the significant number of genes that express complex regulation. Also included in

this group are a number of genes such as Nap1l1, Ddx3x, Nopp140, IMP3, EIF2C1, and

EIF3 whose enhanced expression indicate increased translational activity, which is

consistent with the generally anabolic effect of corticosteroids on liver.

The second most populated group is termed signaling with 53 members (Table 2). Eighteen

members of this group show up-regulation in both the acute and chronic profiles, and 15

show down-regulation in both acute and chronic. What is unusual about this group is the

large number of genes, 21, that show complex regulation. As might be expected, this group
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is dominated by kinases and phosphatases. We have also included in this group several

membrane receptors that could have been included in the membrane group but were

included in this group because of their involvement in signaling. Of particular interest is

paqr7 whose endogenous ligand is adiponectin, a hormone produced by adipose tissue that is

involved in the regulation of systemic energy metabolism (21). The down-regulation of this

receptor after both acute and chronic dosing may provide additional insight into the

metabolic dysregulation attendant on corticosteroid treatment.

The third most populated group is termed small molecule metabolism and contains 38 genes

(Table 3). The large numbers of genes in this group reflect both the major role of the liver in

small molecule metabolism and the impact of corticosteroids on this function. This group is

also unusual in the large number of genes showing complex regulation.

The next most populated group is classified as plasma membrane localized with 33 members

(Table 4). Because the surface membrane of a cell mediates its interaction with the external

environment, this group by necessity is difficult to distinguish from the signaling group.

Pharmacologically, corticosteroids are used for their antiinflammatory and

immunomodulatory effects. The liver plays a major role in immune protection both directly

and indirectly. The direct effects are the production and secretion of a variety of proteins

involved in immune responses such as complement proteins. Indirectly, the liver harbors the

Kupffer cell population that provides a defense barrier between the hepatic portal system

and general circulation. The immune related group contains 31 genes (Table 5). These 31

genes illustrate the broad impact of corticosteroids on both immune and inflammatory

processes. In addition, these results illustrate the type of coordinated effects corticosteroids

have on the immune system. For example, complement protein C1q is down-regulated in

both the acute and chronic profiles, whereas complement protein C1q binding protein, which

binds and inhibits C1q activation, is up-regulated in both (27, 28).

The next group are 29 genes related to protein and amino acid metabolism (Table 6). The

liver both produces and degrades serum proteins (29). In addition, the liver is only one of

two tissues that can synthesize glucose (30). Amino acid carbon from the musculature is a

major substrate for gluconeogenesis, which requires that the resulting ammonia be

detoxified. We have included proteosome genes, aminotransferases, and chaperonins as well

as a variety of genes involved in the metabolism and synthesis of several amino acids.

The next group of genes, containing 23 members, is termed nuclear encoded mitochondrial

genes (Table 7). In this group, all but four genes have chronic profiles indicating enhanced

expression. Interestingly, a significant number of these genes show an initial down-

regulation followed by up-regulation, giving the acute profiles a biphasic characteristic. Of

particular interest in this group is the up-regulation of pyruvate dehydrogenase kinase 1

(Pdk) and the down-regulation of pyruvate dehydrogenase phosphatase isoenzyme 2 (Pdp).

The pyruvate dehydrogenase complex is a matrix multienzyme complex that provides the

primary link between glycolysis and the tricarboxylic acid (TCA) cycle. This complex is

inactivated when it is phosphorylated by Pdk and activated when it is dephosphorylated by

Pdp (31). The coordinated opposite regulation of these two enzymes in effect breaks the link
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between glycolysis and the TCA cycle, which would contribute strongly to the insulin

resistance caused by corticosteroids.

The liver also is centrally involved in systemic lipid distribution and metabolism. We

identified 21 genes associated with lipid metabolism (Table 8). The regulation of these

genes may provide insight into the dyslipidemia caused by corticosteroids. For example, the

up-regulation of apolipoprotein C-IV suggests the increased production of very-low-density

lipoproteins. Very-low-density lipoproteins transport triacylglycerols from liver to

extrahepatic tissues (32). Corticosteroids also influence the expression of 16 transporters

(Table 9). Because many of these transporters are located on the sinusoidal membranes of

hepatocytes, they may influence a variety of functions such as small molecule metabolism.

For example, Slc22a7 is involved in the hepatic uptake of organic anions such as salicylate

(33). The down-regulation of this gene could alter the metabolism of such drugs.

The next 10 genes are grouped because they are involved in cellular fates, proliferation,

differentiation, and apoptosis (Table 10). We have included ornithine decarboxylase 1

(Odc1) and ornithine decarboxylase antizyme inhibitor (oa-zin) because polyamines are

important to cell proliferation. Odc, the first enzyme in polyamine synthesis, is regulated by

a destabilizing antizyme that both inhibits its activity and accelerates it degradation. Oazin

binds and traps the anti-zyme, thus promoting Odc activity (34, 35). The fact that both are

up-regulated illustrates that corticosteroid treatment promotes polyamine synthesis in a

coordinated fashion.

The two profiles also identified 10 genes involved in carbohydrate metabolism (Table 11).

Some of these genes are involved in both glycolysis and gluconeogenesis. For example,

aldolase B is a reversible enzyme that is necessary for gluconeogenesis, so its up-regulation

with chronic corticosteroid treatment is reasonable. In contrast, malic enzyme 1 catalyzes

the decarboxylation of malate to form pyruvate and provides a link between glycolysis and

the TCA cycle (36). The down-regulation of malic enzyme is consistent with the

inactivation of the pyruvate dehydrogenase complex discussed above.

We found 19 genes whose expression was regulated but were difficult to put into the above

categories and were characterized as other (Table 12). For the most part, these are genes

involved in secretory functions of the liver. The accession numbers for every one of the

identified probe sets on both chips were submitted to the NCBI Blast program. However,

there still remained 16 probe sets that Blasted to the same sequence(s) but could not be

identified (Table 13). We have maintained them because identification is an ongoing

process.

Discussion

This report describes the mining of a microarray dataset obtained from the analysis of livers

from a population of adrenalectomized animals treated with a chronic infusion of MPL for

up to 1 wk. Liver RNA from four control animals and four animals killed at each of 10 time

points over a 168-h period were applied to individual Affymetrix R230A chips. The dataset

was mined using a filtering approach similar to the one applied to datasets developed from
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the liver, skeletal muscle, and kidneys of animals treated with a single bolus dose of MPL

where animals were killed at 16 time points after dosing and compared with untreated

controls (6 – 8). This filtration approach does not select for probes but rather eliminates

probe sets that do not meet explicit requirements. Those probe sets not eliminated are

retained for analysis. The filtration yielded a remainder of 1989 probe sets for further

consideration. These probe sets were compared with 1518 probe sets that remained after

filtering of the dataset obtained after bolus dosing with MPL (6). This comparison yielded

464 probe sets in the bolus dosing dataset that corresponded to 417 probe sets in the chronic

infusion dataset. The results identified 358 different genes regulated by both dosing

regimens. Because the filtering process is quite stringent, these 358 genes most likely do not

include all genes regulated by MPL in the tissue. However, they do provide a basis for

evaluating the global effects of corticosteroids on the liver.

The objective of obtaining two time series profiles for each gene is to identify genes with

common mechanisms of regulation. The hypothesis is that if two or more genes have a

common mechanism of regulation then they should have the same temporal profile in

response to all dosing regimens. There are available a variety of clustering methods

designed to group genes based on their profiles. However, at present, there is no analytical

method available to cluster using two profiles, bi-clustering. Our filtering approach crudely

identifies genes that meet minimal criteria for up- and down-regulation based on deviation

from baseline. In both the acute (bolus dose) and chronic (infusion) datasets, some profiles

met both criteria, suggesting complex regulation. We visually inspected all profiles (464

acute and 417 chronic) and categorized each based on up or down deviation from baseline.

In many cases, because of probe set redundancy, more than one profile was available for

acute, chronic, or both. These instances are noted on the tables. With this information we

proceeded to evaluate acute and chronic profiles together. Based solely on this crude

classification, we identified four basic patterns. For more than 60% of the genes, the profile

was either up or down in both the acute and chronic profiles. In the remaining cases, the

profiles were complex involving both up- and down-regulation.

The value of expression profiling using a rich in vivo time course such as this, particularly

when two different dosing regimens are examined, is that patterns of transcriptional changes

become apparent. Examination of expression patterns, as illustrated by examples presented

in Figs. 5– 8, indicate that our crude classification into four basic categories is too simplistic.

Even when the more than 60% of the genes where the profiles from the two dosing regimens

were either both up or down were examined, the mechanism of regulation is generally not

straightforward. Single time point studies allow one to determine only magnitude of change

at a single instant, which may not be indicative of either the actual extent or in some cases

even the direction of change. This is particularly evident in cases of genes that express a

biphasic pattern, where at different points in time the gene may show enhanced as opposed

to reduced expression. Furthermore, temporal patterns may provide insight as to the

mechanisms involved in regulation of transcriptional activity of a particular gene or genes.

The generally accepted mechanism for most glucocorticoid effects involves binding of free

steroid to a cytoplasmically localized receptor, translocation of ligand-bound receptor to the

nucleus, binding of a ligand receptor dimer to a specific DNA site [glucocorticoid response
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element (GRE)], and modulation of the amount of selective mRNAs (37). Although some

effects on mRNA stability have been noted, a common mechanism involves increasing or

decreasing the rate of transcription of particular genes. Previously, studying the enzyme

TAT in liver and using both a repeated dosing and a chronic dosing paradigm, we described

the phenomena of steroid tolerance (12, 13, 18). In those reports, we demonstrated that MPL

treatment caused a rather long-lived down-regulation of the GR (mRNA and protein) and

that when a second dose was administered before full recovery of receptor, the enhanced

expression of TAT (mRNA and protein) was reduced proportional to the reduced

concentration of receptor (18). In subsequent studies, we found that chronic infusion of MPL

caused a sustained down-regulation of the receptor (mRNA and protein) and that the

expression of TAT (mRNA and protein) returned back toward the baseline in the continuous

presence of the drug (12, 13). If the receptor mediates the effect of the drug, then this is a

rational result. Figure 5 (left) shows that the acute and chronic profiles of Odc1 come close

to approximating those for TAT. Similarly, Fig. 6 (left) to some degree approximates this

result for down-regulation. However, the major question posed by a perusal of the remaining

profiles is: how can the drug continue to have sustained high-level effects when the receptor

is greatly diminished to the point of almost being gone?

There are a number of possible explanations for more complex expression profiles that do

not show tolerance. One rational possibility is that our concept of the structure and function

of the GRE is entirely too simplistic. If multiple GREs with greatly different affinities for

the drug receptor complex exist, then the type of result seen for Kclr in Fig. 6 (right) could

be explained. A second and related possibility is that the GR is not a single entity. This

possibility is supported by the recent report by Lu and Cidlowski (38), who showed the

existence of multiple GR isoforms with different trafficking and transcriptional activities. It

is possible that different isoforms may have different GRE binding affinities. Another

possibility is that our concept that only the GR can mediate the effects of corticosteroids

may be simplistic and that some other receptor can mediate the effects of these drugs.

Alternatively, secondary or tertiary effects may involve glucocorticoid modulation of a

secondary biosignal (which likely could be a different transcription factor) that in turn would

modulate transcriptional activity. In addition, changes in the physiological states of the

animal (such as altered glucose or lipid levels) with chronic treatment could also act as an

additional biosignal that leads to secondary and tertiary changes in gene expression. This

possibility is suggested by the chronic profile for Tdo seen in Fig. 5. Initially, it appears as if

Tdo is going to respond with a pattern similar to Odc1 and return to baseline, but the

expression is enhanced again to even a higher level that is maintained throughout the

remainder of the infusion period. In any case, the results demonstrate that at present there is

much we do not know about how corticosteroids influence gene expression.

We attempted to use domain knowledge to sort the 358 genes into groups, which are

presented in Tables 1–13. In particular, Tables 1 and 2 demonstrate the broad impact these

drugs have on transcription and translation as well as signaling. These results provide

interesting examples of the type of physiological coordination that exists. Corticosteroids

cause both insulin resistance and gluconeogenesis. The enhanced expression of Pdk along

with the down-regulation of Pdp should maintain the pyruvate dehydrogenase complex in an
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inactive state, preventing pyruvate from entering the mitochondrial TCA cycle. The down-

regulation of malic enzyme would also contribute to the cellular depletion of pyruvate. In

contrast, the expression of aldolase B is enhanced, contributing to gluconeogenesis.

Likewise, the down-regulation of complement protein C1q along with the enhanced

expression of C1q binding protein demonstrates similar coordination, as does the enhanced

expression of both Odc and Oazin.

Tables 1–13 present lists of genes regulated by both acute and chronic corticosteroid

treatment. In these tables, we qualitatively list the response of each gene as down, up,

down/up, or up/down to both acute and chronic treatments. We have not attempted to

include a quantitative measure of magnitude of change for each gene in the two treatments.

We feel that to choose a single time point to define a maximum or minimum would be

potentially misleading, because it is the response pattern over time that is a true measure of

magnitude of response. For example, one probe set response may show a sharp peak that

rises and declines over a 4-h period, whereas a different gene may respond with a broader

but shallower peak over an extended time range. In such a case, presenting magnitude of

change at a single time is not a valid comparison of expression levels of the two. The

situation becomes more complicated when one considers complex patterns of regulation (i.e.

initial up-regulation followed by later down-regulation or vice versa).

All datasets described in this and related cited publications are available online in GEO. In

addition, all data are available online at the Public Expression Profiling Resource site (http://

pepr.cnmcresearch.org) developed and maintained by the Hoffman laboratory at Children’s

National Medical Center (39). These data are available to all researchers in a user-friendly

format, where individual temporal profiles are searchable, and all data can be obtained and

used without requirement for any additional specialized software.
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Fig. 1.
Gene tree representation of all probe sets (15,967) on individual Affymetrix R230A gene

chips hybridized to total RNA prepared from livers taken from animals treated chronically

with MPL (0.3 mg/kg·h) for periods ranging from 6 –168 h. The values for each individual

probe set at each time point were normalized to the mean value of that probe set for time

zero controls. The x-axis represents the 11 time points, including time zero controls. The y-

axis presents the list of probe sets grouped by similarity using Pearson’s correlation. Yellow

indicates no change from controls, red indicates probe sets with enhanced expression

relative to controls, and blue indicates suppressed expression relative to controls.
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Fig. 2.
The top panel provides a magnification of five probe sets selected from Fig. 1 that show

apparent enhanced regulation by MPL. Two of these probe sets represent the same gene

(Glud1). The linear plots for both Glud1 probe sets are presented in the lower panel.
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Fig. 3.
Gene tree representation of probe sets remaining (1989) after filtering.
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Fig. 4.
MPL concentrations in rat plasma after chronic (left) and acute (right) administration of

drug. MPL concentrations were determined by normal-phase HPLC analysis of plasma

samples obtained from individual animals.
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Fig. 5.
Response profiles of two genes showing enhanced expression after acute and chronic MPL

dosing. Ornithine decarboxylase (Odc1) expression is shown in the two left panels and

exhibits a similar pattern of enhanced expression with acute and chronic dosing. Tryptophan

2,3-dioxygenase (Tdo2) is presented in the two right panels and exhibit dissimilar patterns

with acute and chronic dosing.

Almon et al. Page 21

Endocrinology. Author manuscript; available in PMC 2014 October 02.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Fig. 6.
Response profiles of two genes showing reduced expression after acute and chronic MPL

dosing. Progestin and adipoQ receptor family member VII (paqr 7) expression is shown in

the two left panels and exhibits a similar pattern of reduced expression in the two dosing

regimens. Kupffer cell receptor (Kclr), which exhibits dissimilar patterns of regulation with

acute and chronic dosing, is presented in the two right panels.
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Fig. 7.
Response profiles of two genes showing complex regulation of expression after acute and

chronic MPL dosing. G9/G1 switch gene 2 (GOS2) and Arginase (Arg1) both exhibit initial

down-regulation followed by a period of enhanced regulation.
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Fig. 8.
Response profiles of two genes showing complex regulation of expression after acute and

chronic MPL dosing. In this case, both heterogenous nuclear ribonucleoprotein

methyltransferase (Hrm1L2) and nuclear receptor superfamily 0, group B member 2

(NROb2) show initial up-regulation followed by a later down-regulation.

Almon et al. Page 24

Endocrinology. Author manuscript; available in PMC 2014 October 02.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Almon et al. Page 25

T
A

B
L

E
 1

M
PL

-r
eg

ul
at

ed
 p

ro
be

 s
et

s 
re

la
te

d 
to

 tr
an

sc
ri

pt
io

n-
tr

an
sl

at
io

n

23
0A

 p
ro

be
 s

et
23

0A
 a

cc
es

si
on

U
34

A
 p

ro
be

 s
et

/a
cc

es
si

on
Sy

m
bo

l
Id

en
ti

fi
ca

ti
on

R
es

po
ns

e

A
cu

te
C

hr
on

ic

13
87

94
7

U
56

24
1

U
56

24
1

M
af

b
T

ra
ns

cr
ip

tio
n 

fa
ct

or
 M

af
1

U
p

U
p

13
87

87
0

A
B

02
50

17
X

63
36

9
T

IS
11

T
ra

ns
cr

ip
tio

n 
fa

ct
or

 (
im

m
ed

ia
te

 e
ar

ly
 g

en
e)

U
p

U
p

13
86

91
0

A
F3

11
05

4
D

44
49

5
A

pe
x

A
pu

rn
ic

 E
nd

on
uc

le
as

e 
(D

N
A

 r
ep

ai
r)

U
p

U
p

13
71

98
7

B
I2

74
69

7
A

A
89

18
91

D
N

A
 r

ep
ai

r
Po

ly
m

er
as

e 
(D

N
A

 d
ir

ec
te

d)
 s

ig
m

a 
(D

N
A

re
pa

ir
)

U
p

U
p

13
67

60
1,

 1
36

76
02

N
M

_0
53

69
8

A
A

90
04

76
 (

2)
, A

I0
14

09
1

C
ite

d2
C

bp
/p

30
0-

in
te

ra
ct

in
g 

tr
an

sa
ct

iv
at

or
U

p
U

p

13
87

77
9

N
M

_0
31

66
8

A
I2

37
25

8,
 A

I2
29

63
7

M
yb

bp
1a

M
Y

B
 b

in
di

ng
 p

ro
te

in
 (

P1
60

) 
1a

U
p

U
p

13
68

30
8

N
M

_0
12

60
3

Y
00

39
6 

(2
)

M
yc

M
ye

lo
cy

to
m

at
os

is
 p

ro
to

-o
nc

og
en

e
U

p
U

p

13
67

83
1

N
M

_0
30

98
9

X
13

05
8

T
p5

3
T

um
or

 p
ro

te
in

 p
53

, p
53

 tu
m

or
 s

U
pp

re
ss

or
U

p
U

p

13
89

50
8,

 1
37

44
04

B
I2

88
61

9
A

A
94

40
14

v-
ju

n 
Sa

rc
om

a 
vi

ru
s 

17
 o

nc
og

en
e

U
p

U
p

13
89

52
1

A
I4

08
55

3
A

A
79

95
39

IV
N

S1
A

B
P

In
fl

ue
nz

a 
vi

ru
s 

N
S1

A
 b

in
di

ng
 p

ro
te

in
U

p
U

p

13
92

63
3

B
E

10
54

80
A

A
94

64
39

H
4

H
is

to
ne

 H
4

U
p

U
p

13
71

87
2,

 1
37

08
26

, 1
37

34
73

B
M

38
63

84
A

F0
62

59
4 

(2
),

 A
A

85
99

20
,

A
A

86
64

72
N

ap
1l

1
N

uc
le

os
om

e 
as

se
m

bl
y 

pr
ot

ei
n 

1-
lik

e 
1

U
p

U
p

13
72

24
2,

 1
37

59
01

A
I1

69
59

8
U

21
71

9
D

dx
3x

D
E

A
D

 (
A

sp
-G

lu
-A

la
-A

sp
) 

bo
x 

po
ly

pe
pt

id
e

3,
 h

el
ic

as
e 

(R
N

A
)

U
p

U
p

13
68

03
1,

 1
36

80
32

, 1
36

80
33

N
M

_0
22

86
9

A
A

99
88

82
, M

94
28

7
N

op
p1

40
, N

ol
c1

N
uc

le
ol

ar
 p

ho
sp

ho
pr

ot
ei

n 
14

0,
 in

te
ra

ct
s 

w
ith

R
N

A
 p

ol
U

p
U

p

13
88

32
1

B
G

37
81

08
A

A
79

93
69

IM
P3

U
3 

sm
al

l n
uc

le
ol

ar
 r

ib
on

uc
le

op
ro

te
in

(r
ib

os
om

e 
bi

og
en

es
is

)
U

p
U

p

13
68

86
7

B
F2

81
13

1
H

31
69

2
E

IF
2C

1,
 G

E
R

P9
5

T
ra

ns
la

tio
n 

in
iti

at
io

n 
fa

ct
or

 2
C

U
p

U
p

13
88

57
6

B
F2

81
36

8
A

A
87

52
05

 (
2)

E
IF

3
T

ra
ns

la
tio

n 
in

iti
at

io
n 

fa
ct

or
 3

U
p

U
p

13
72

09
0

A
I2

31
56

6
D

14
44

8
M

ax
M

yc
 f

am
ily

 D
N

A
-b

in
di

ng
 p

ro
te

in
, l

eu
ci

ne
zi

pp
er

U
p

U
p

13
88

77
9,

 1
38

79
62

U
41

16
4,

 B
G

38
15

16
U

41
16

4
rK

r1
, Z

fp
18

0
C

ys
2/

H
is

2 
zi

nc
 f

in
ge

r 
pr

ot
ei

n 
(K

ru
pp

el
fa

m
ily

)
U

p
U

p

13
73

01
2,

 1
37

30
11

B
E

10
95

20
 (

2)
A

A
89

40
86

Z
fp

62
2

Z
in

c 
fi

ng
er

 p
ro

te
in

 6
22

U
p

U
p

13
71

86
4,

 1
37

02
09

B
E

10
13

36
, A

W
52

45
63

D
12

76
9

B
te

b1
K

lf
9,

 B
as

ic
 tr

an
sc

ri
pt

io
n 

el
em

en
t b

in
di

ng
pr

ot
ei

n 
1

U
p

U
p

13
87

71
4,

 1
36

97
37

, 1
36

97
38

A
B

03
14

23
, N

M
_0

17
33

4 
(2

)
S6

60
24

C
R

E
M

T
ra

ns
cr

ip
tio

na
l r

ep
re

ss
or

, c
A

M
P-

re
sp

on
si

ve
el

em
en

t
U

p
U

p

Endocrinology. Author manuscript; available in PMC 2014 October 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Almon et al. Page 26

23
0A

 p
ro

be
 s

et
23

0A
 a

cc
es

si
on

U
34

A
 p

ro
be

 s
et

/a
cc

es
si

on
Sy

m
bo

l
Id

en
ti

fi
ca

ti
on

R
es

po
ns

e

A
cu

te
C

hr
on

ic

13
71

78
1

B
I2

85
86

3
A

I6
39

14
1,

 X
91

81
0

St
at

3
Si

gn
al

 tr
an

sd
uc

er
 a

nd
 a

ct
iv

at
or

 o
f

tr
an

sc
ri

pt
io

n 
3

U
p

U
p

13
71

71
4

B
G

37
87

60
A

A
89

38
85

Fo
xk

2
Fo

rk
he

ad
 b

ox
 K

2
U

p
U

p

13
71

48
9

A
I0

11
74

8
A

F0
22

08
1

R
nf

4
Sm

al
l n

uc
le

ar
 R

IN
G

 f
in

ge
r 

pr
ot

ei
n

U
p

U
p

13
70

51
0

A
B

01
26

00
A

F0
15

95
3

A
R

N
T

L
, B

M
A

L
1b

B
M

A
L

1b
, a

ry
l h

yd
ro

ca
rb

on
 r

ec
ep

to
r 

nu
cl

ea
r

tr
an

sl
oc

at
or

-l
ik

e
U

p
U

p

13
70

30
9

A
J2

38
85

4
A

B
01

65
36

al
f-

c1
H

et
er

og
en

eo
us

 n
uc

le
ar

 r
ib

on
uc

le
op

ro
te

in
ty

pe
 A

/B
U

p/
do

w
n

U
p

13
70

47
4,

 1
37

04
74

J0
39

33
J0

38
19

T
hr

b,
 (

c-
er

bA
-β

)
R

at
 th

yr
oi

d 
re

ce
pt

or
 h

or
m

on
e 

β
D

ow
n/

up
U

p

13
87

36
5

N
M

_0
31

62
7

U
11

68
5

N
r1

h3
L

iv
er

 X
 r

ec
ep

to
r,

 α
D

ow
n/

up
U

p

13
72

87
6

A
A

79
97

00
A

A
79

97
00

SP
S2

Se
le

no
ph

os
ph

at
e 

sy
nt

he
ta

se
 2

D
ow

n/
up

U
p

13
69

67
9

A
B

06
06

52
D

78
01

8,
 ×

 1
31

67
N

FI
-A

T
ra

ns
cr

ip
tio

n 
fa

ct
or

 n
uc

le
ar

 f
ac

to
r1

-A
1

D
ow

n/
up

U
p

13
69

83
4

N
M

_0
12

74
2

X
55

95
5

H
nf

3a
, F

ox
a1

H
ep

at
oc

yt
e 

nu
cl

ea
r 

fa
ct

or
 3

-α
 F

or
kh

ea
d 

bo
x

A
1

D
ow

n
U

p

13
75

42
8

B
E

09
99

79
A

A
85

86
07

C
re

g1
R

ep
re

ss
or

 o
f 

E
1A

-s
tim

ul
at

ed
 g

en
es

 (
ce

ll
gr

ow
th

 a
nd

 d
if

fe
re

nt
ia

tio
n)

D
ow

n
U

p

13
76

19
6

B
G

37
50

59
A

A
80

02
90

D
 r

ec
ep

to
r 

in
te

ra
ct

in
g 

pr
ot

ei
n

D
ow

n
D

ow
n

13
89

60
1,

 1
37

36
44

B
I2

93
61

0
A

A
85

99
94

N
fi

b
N

uc
le

ar
 f

ac
to

r 
I/

B
D

ow
n

D
ow

n

13
87

76
9

A
F0

00
94

2
A

I1
71

26
8,

 A
F0

00
94

2
Id

3
D

N
A

 b
in

di
ng

 p
ro

te
in

 in
hi

bi
to

r 
3 

B
H

L
H

D
ow

n
D

ow
n

13
68

71
2

N
M

_0
19

62
0

U
67

08
2

K
zf

1
Z

in
c 

fi
ng

er
 p

ro
te

in
 3

86
 (

K
ru

pp
el

-l
ik

e)
D

ow
n

D
ow

n

13
69

95
9

N
M

_0
17

17
2

A
I1

36
89

1,
 A

I1
12

51
6

Z
fp

36
l1

Z
in

c 
fi

ng
er

 p
ro

te
in

 3
6,

 C
3 H

 ty
pe

-l
ik

e 
1,

K
ru

pp
el

 T
yp

e 
18

D
ow

n
D

ow
n

13
68

71
1

N
M

_0
12

74
3

L
09

64
7

H
nf

3b
, F

ox
a2

Fo
rk

he
ad

 b
ox

 A
2

D
ow

n
D

ow
n

13
73

83
7

B
I2

96
63

3
A

I2
27

71
5

R
bl

2
R

et
in

ob
la

st
om

a-
lik

e 
2 

(p
13

0)
D

ow
n

D
ow

n

13
69

06
3

N
M

_0
12

90
3

A
A

87
54

95
, D

32
20

9,
A

np
32

A
ci

di
c 

(l
eu

ci
ne

-r
ic

h)
 n

uc
le

ar
 p

ho
sp

ho
pr

ot
ei

n
32

 f
am

ily
, m

em
be

r 
A

D
ow

n
D

ow
n

13
67

82
6

N
M

_0
31

78
9

A
I1

77
16

1
N

F-
E

2-
re

la
te

d 
fa

ct
or

 2
N

uc
le

ar
 f

ac
to

r 
er

yt
hr

oi
d 

2-
lik

e 
2

D
ow

n
D

ow
n

13
88

65
0

B
M

38
54

45
A

A
89

98
54

T
op

2a
T

op
oi

so
m

er
as

e 
(D

N
A

) 
2α

D
ow

n
D

ow
n

13
72

88
9

A
I4

07
48

9
M

64
86

2,
 A

A
80

07
97

D
N

A
-b

in
di

ng
 p

ro
te

in
; m

at
ri

n 
F/

G
D

ow
n

D
ow

n

13
67

75
9

N
M

_0
12

57
8

A
I2

32
37

4
H

1f
0

H
is

to
ne

 H
1–

0
D

ow
n

D
ow

n

13
70

38
1

U
61

72
9

U
61

72
9

Pr
ol

2
Pr

ol
in

e 
ri

ch
 2

U
p/

do
w

n
D

ow
n

13
68

37
6

N
M

_0
57

13
3

D
86

58
0

N
r0

b2
Sm

al
l h

et
er

od
im

er
 p

ar
tn

er
; S

H
P;

 S
H

P1
U

p/
do

w
n

D
ow

n

13
74

75
2

A
I4

08
73

4
A

I6
39

14
9

M
df

ic
M

yo
D

 f
am

ily
 in

hi
bi

to
r 

do
m

ai
n 

co
nt

ai
ni

ng
U

p/
do

w
n

D
ow

n

Endocrinology. Author manuscript; available in PMC 2014 October 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Almon et al. Page 27

23
0A

 p
ro

be
 s

et
23

0A
 a

cc
es

si
on

U
34

A
 p

ro
be

 s
et

/a
cc

es
si

on
Sy

m
bo

l
Id

en
ti

fi
ca

ti
on

R
es

po
ns

e

A
cu

te
C

hr
on

ic

13
98

75
6,

13
98

75
7,

 1
39

87
58

N
M

_0
12

99
2

J0
39

69
, J

04
94

3
N

pm
1

N
uc

le
op

ho
sm

in
 1

, n
uc

le
ar

 p
ro

te
in

 B
23

U
p

D
ow

n

13
98

83
2

N
M

_0
12

74
9

M
55

01
5,

 M
55

01
7

N
cl

N
uc

le
ol

in
U

p
D

ow
n

13
70

71
1

A
F0

00
90

0
U

63
83

9,
 A

F0
00

89
9,

 A
F0

00
90

1
p5

8/
p4

5
N

uc
le

op
or

in
 p

58
U

p
D

ow
n

13
87

02
8

M
86

70
8

L
23

14
8

Id
1

D
N

A
-b

in
di

ng
 p

ro
te

in
 in

hi
bi

to
r 

1 
B

H
L

H
U

p
D

ow
n

13
72

75
7,

 1
36

88
35

, 1
38

73
54

B
M

38
68

75
A

A
89

25
53

St
at

1
A

ct
iv

at
or

 o
f 

tr
an

sc
ri

pt
io

n 
1

U
p

D
ow

n

13
86

89
7

N
M

_0
24

36
3

U
60

88
2

H
rm

t1
l2

H
et

er
og

en
eo

us
 n

uc
le

ar
 r

ib
on

uc
le

op
ro

te
in

s
m

et
hy

ltr
an

sf
er

as
e-

lik
e 

2
U

p/
do

w
n

U
p/

do
w

n

13
68

30
3

N
M

_0
31

67
8

A
B

01
65

32
Pe

r2
Pe

ri
od

 h
om

ol
og

 2
O

sc
ill

at
in

g
O

sc
ill

at
in

g

Pr
ob

e 
se

ts
 r

eg
ul

at
ed

 b
y 

M
PL

 in
 r

at
 li

ve
r 

af
te

r 
bo

th
 a

cu
te

 a
nd

 c
hr

on
ic

 d
ru

g 
ad

m
in

is
tr

at
io

n 
an

d 
ca

te
go

ri
ze

d 
as

 r
el

at
in

g 
to

 e
ith

er
 tr

an
sc

ri
pt

io
n 

or
 tr

an
sl

at
io

n.
 A

ff
ym

et
ri

x 
23

0A
 a

rr
ay

s 
us

e 
a 

pr
ob

e 
se

t n
um

be
r

di
st

in
ct

 f
ro

m
 G

en
B

an
k 

ac
ce

ss
io

n 
nu

m
be

rs
, w

he
re

as
 U

34
A

 c
hi

ps
 u

se
 a

 c
om

m
on

 p
ro

be
 s

et
/G

en
B

an
k 

ac
ce

ss
io

n 
nu

m
be

r 
fo

r 
id

en
tif

ic
at

io
n.

Endocrinology. Author manuscript; available in PMC 2014 October 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Almon et al. Page 28

T
A

B
L

E
 2

M
PL

-R
eg

ul
at

ed
 p

ro
be

 s
et

s 
re

la
te

d 
to

 c
el

l s
ig

na
lin

g

23
0A

 p
ro

be
 s

et
23

0A
 a

cc
es

si
on

U
34

A
 p

ro
be

 s
et

/a
cc

es
si

on
Sy

m
bo

l
Id

en
ti

fi
ca

ti
on

R
es

po
ns

e

A
cu

te
C

hr
on

ic

13
71

08
1

U
78

51
7

U
78

51
7

C
ge

f2
, R

ap
ge

f4
R

ap
 g

ua
ni

ne
 n

uc
le

ot
id

e 
ex

ch
an

ge
 f

ac
to

r
(G

E
F)

 4
U

p
U

p

13
67

96
0

N
M

_0
19

18
6

X
77

23
5

A
rl

4
A

D
P-

ri
bo

sy
la

tio
n 

fa
ct

or
-l

ik
e 

4
U

p
U

p

13
98

79
0

N
M

_0
17

03
9

A
I0

12
59

5
Pp

p2
ca

Pr
ot

ei
n 

ph
os

ph
at

as
e 

2a
, c

at
al

yt
ic

 s
ub

-
un

it,
 α

 is
of

or
m

U
p

U
p

13
68

14
7,

 1
36

81
46

U
02

55
3,

 B
E

11
01

08
U

02
55

3
Pt

pn
16

, D
us

p1
M

A
PK

 p
ho

sp
ha

ta
se

-1
, p

ro
te

in
 ty

ro
si

ne
ph

os
ph

at
as

e 
no

n-
re

ce
pt

or
-t

yp
e 

16
U

p
U

p

13
87

07
8

N
M

_0
31

00
2

U
26

39
7

In
pp

4a
In

os
ito

l p
ol

yp
ho

sp
ha

te
-4

-p
ho

sp
ha

ta
se

,
ty

pe
 1

U
p

U
p

13
98

84
7,

 1
37

01
80

A
A

89
12

13
, B

G
37

69
35

U
95

00
1

N
ud

t4
D

ip
ho

sp
ho

in
os

ito
l p

ol
yp

ho
sp

ha
te

ph
os

ph
oh

yd
ro

la
se

 2
U

p
U

p

13
77

13
6,

 1
36

76
97

N
M

_0
31

02
0,

 A
W

25
41

90
A

A
92

45
42

, U
73

14
2 

(2
),

 A
I1

71
63

0,
U

91
84

7,
 A

I1
37

86
2

M
ap

k1
4,

 p
38

M
A

PK
 1

4
U

p
U

p

13
67

80
2

N
M

_0
19

23
2

L
01

62
4

Sg
k

Se
ru

m
/g

lu
co

co
rt

ic
oi

d-
re

gu
la

te
d 

ki
na

se
,

se
ri

ne
/th

re
on

in
e 

pr
ot

ei
n 

ki
na

se
 S

G
K

U
p

U
p

13
67

72
5

N
M

_0
22

60
2

A
F0

86
62

4
Pi

m
3

Se
ri

ne
/th

re
on

in
e-

pr
ot

ei
n 

ki
na

se
 p

im
-3

U
p

U
p

13
80

26
2

A
A

89
34

36
A

A
89

34
36

sg
k

Se
ru

m
/g

lu
co

co
rt

ic
oi

d 
re

gu
la

te
d 

ki
na

se
U

p
U

p

13
68

94
7

N
M

_0
24

12
7

L
32

59
1 

(2
),

 A
I0

70
29

5,
 A

I0
70

29
5

G
ad

d4
5a

G
ro

w
th

 a
rr

es
t a

nd
 D

N
A

-d
am

ag
e-

in
du

ci
bl

e 
45

α
U

p
U

p

13
69

06
5

N
M

_0
17

29
0

J0
40

24
A

tp
2a

2,
 S

er
ca

2
A

T
Pa

se
, C

a2+
 tr

an
sp

or
tin

g
U

p
U

p

13
87

15
4

N
M

_0
12

61
4

M
15

88
0

N
py

N
eu

ro
pe

pt
id

e 
Y

 (
N

py
)

U
p

U
p

13
72

55
8

A
I1

77
40

4
A

I1
77

40
4

N
M

D
A

 r
ec

ep
to

r-
re

gu
la

te
d 

ge
ne

 1
U

p
U

p

13
89

97
4

B
F5

55
17

1
L

15
61

8
C

K
2

C
as

ei
n 

ki
na

se
 I

I 
α

 s
ub

un
it

U
p

U
p

13
87

90
7

J0
55

10
J0

55
10

In
sP

3R
1

I1
45

T
R

In
os

ito
l 1

,4
,5

-t
ri

ph
os

ph
at

e 
re

ce
pt

or
U

p
U

p

13
73

30
6

B
M

38
62

12
M

81
63

9
Sn

n
St

an
ni

n
U

p
U

p

13
72

35
5

B
E

10
92

42
U

09
79

3
c-

K
i-

ra
s

K
ir

st
en

 r
at

 s
ar

co
m

a 
vi

ra
l o

nc
og

en
e

ho
m

ol
og

 2
U

p
U

p

13
73

08
2

A
A

89
37

43
A

A
89

37
43

Pr
ot

ei
n 

ki
na

se
 in

hi
bi

to
r,

 α
U

p
U

p/
do

w
n

13
72

77
0

B
F2

81
35

7
X

13
93

3
C

aM
I

C
al

m
od

ul
in

 1
U

p
D

ow
n/

up

13
90

24
0

B
M

38
96

11
A

A
80

04
56

C
K

L
iK

C
al

ci
um

-c
al

m
od

ul
in

-d
ep

en
de

nt
 k

in
as

e
I-

lik
e 

ki
na

se
 (

C
K

L
iK

)
D

ow
n

U
p

Endocrinology. Author manuscript; available in PMC 2014 October 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Almon et al. Page 29

23
0A

 p
ro

be
 s

et
23

0A
 a

cc
es

si
on

U
34

A
 p

ro
be

 s
et

/a
cc

es
si

on
Sy

m
bo

l
Id

en
ti

fi
ca

ti
on

R
es

po
ns

e

A
cu

te
C

hr
on

ic

13
77

41
7

B
E

09
99

31
A

A
80

06
78

T
ic

am
1

T
ol

l-
lik

e 
re

ce
pt

or
 a

da
pt

or
 m

ol
ec

ul
e 

1
D

ow
n

U
p

13
70

52
2

L
04

79
6

M
96

67
4

G
cg

r
G

lu
ca

go
n 

re
ce

pt
or

D
ow

n
U

p

13
87

98
1

A
F0

79
86

4
A

F0
79

86
4

O
lf

r7
8

G
-p

ro
te

in
 c

ou
pl

ed
 r

ec
ep

to
r 

R
A

1c
,

ol
fa

ct
or

y 
re

ce
pt

or
 5

9
D

ow
n

U
p

13
68

67
5

N
M

_0
32

08
4

A
I2

32
19

4
C

H
N

2
C

hi
m

er
in

 (
ch

im
ae

ri
n)

 2
D

ow
n

U
p

13
68

28
9

A
A

94
49

65
M

12
45

0
V

db
p,

 D
B

P0
2

G
ro

up
-s

pe
ci

fi
c 

co
m

po
ne

nt
 (

vi
ta

m
in

 D
-

bi
nd

in
g 

pr
ot

ei
n)

D
ow

n
U

p

13
90

79
8

B
F2

88
13

0
M

10
07

2
L

-C
A

L
eu

ko
cy

te
 c

om
m

on
 a

nt
ig

en
D

ow
n

D
ow

n

13
87

02
4

N
M

_0
53

88
3

X
94

18
5

m
kp

-3
M

A
PK

 p
ho

sp
ha

ta
se

D
ow

n
D

ow
n

13
68

87
1

N
M

_0
53

88
7

U
48

59
6

M
ap

3k
1

M
A

PK
 k

in
as

e 
ki

na
se

 1
D

ow
n

D
ow

n

13
68

64
6

N
M

_0
17

32
2

L
27

11
2,

 A
I2

31
35

4
M

ap
k9

M
A

PK
 9

D
ow

n
D

ow
n

13
87

02
4

N
M

_0
53

88
3

X
94

18
5,

 U
42

62
7

D
us

p6
D

ua
l s

pe
ci

fi
ci

ty
 p

ho
sp

ha
ta

se
 6

D
ow

n
D

ow
n

13
68

64
6

N
M

_0
17

32
2

A
I2

31
35

4
SA

PK
St

re
ss

-a
ct

iv
at

ed
 p

ro
te

in
 k

in
as

e 
α

 I
I

D
ow

n
D

ow
n

13
72

84
4,

 1
39

82
73

A
W

53
18

77
, N

M
_0

53
59

9
A

A
89

24
17

, D
38

05
6

E
fn

a1
, B

61
E

ph
-r

el
at

ed
 r

ec
ep

to
r 

ty
ro

si
ne

 k
in

as
e

lig
an

d 
1

D
ow

n
D

ow
n

13
89

77
9

A
A

80
06

26
A

A
80

06
26

Sh
2d

4a
SH

2 
do

m
ai

n 
co

nt
ai

ni
ng

 4
A

D
ow

n
D

ow
n

13
75

87
9

B
E

11
17

62
A

F0
61

44
3

G
pr

48
G

 p
ro

te
in

-c
ou

pl
ed

 r
ec

ep
to

r 
48

D
ow

n
D

ow
n

13
67

64
4

L
01

11
5

L
01

11
5

A
dc

y6
A

de
ny

ly
l c

yc
la

se
 ty

pe
 V

I
D

ow
n

D
ow

n

13
69

64
4

N
M

_1
34

40
8

A
F0

63
10

2
C

IR
L

-2
C

al
ci

um
-i

nd
ep

en
de

nt
 α

-l
at

ro
to

xi
n

re
ce

pt
or

 h
om

ol
og

 2
, l

at
ro

ph
ili

n 
2

D
ow

n
D

ow
n

13
68

92
4

N
M

_0
17

09
4

Z
83

75
7 

(2
)

G
hr

G
H

 r
ec

ep
to

r
D

ow
n

D
ow

n

13
77

96
6

B
I2

75
56

0
A

A
89

43
16

pa
qr

7
Pr

og
es

tin
 a

nd
 a

di
po

Q
 r

ec
ep

to
r 

fa
m

ily
m

em
be

r 
V

II
D

ow
n

D
ow

n

13
67

74
5

N
M

_0
31

14
3

D
78

58
8

D
gk

z
D

ia
cy

lg
ly

ce
ro

l k
in

as
e 

ζ
D

ow
n

D
ow

n

13
71

96
9

B
I2

91
84

8
A

I1
80

28
8

C
al

d1
C

al
de

sm
on

 1
D

ow
n

D
ow

n

13
68

20
2

N
M

_0
24

15
9

U
95

17
8

D
ab

2
D

is
ab

le
d 

ho
m

ol
og

 2
U

p/
do

w
n

D
ow

n

13
67

88
1

N
M

_0
13

01
6

D
85

18
3

SH
PS

-1
Pr

ot
ei

n 
ty

ro
si

ne
 p

ho
sp

ha
ta

se
, n

on
-

re
ce

pt
or

-t
yp

e 
su

bs
tr

at
e 

1
U

p/
do

w
n

D
ow

n

13
70

94
9,

 1
37

09
48

, 1
37

34
32

B
E

11
16

04
, M

59
85

9
A

A
85

98
96

, A
A

92
57

62
, A

A
89

92
53

M
ac

s
M

yr
is

to
yl

at
ed

 a
la

ni
ne

-r
ic

h 
C

-k
in

as
e

su
bs

tr
at

e
U

p
D

ow
n

13
68

85
6

N
M

_0
31

51
4

U
13

39
6,

 A
J0

00
55

7,
 U

13
39

6
Ja

k2
Ja

nu
s 

ki
na

se
 2

U
p

D
ow

n

13
68

69
3

N
M

_0
24

14
5

X
57

01
8

Fg
r

G
ar

dn
er

-R
as

he
ed

 f
el

in
e 

sa
rc

om
a 

vi
ra

l
on

co
ge

ne
 h

om
ol

og
 (

ki
na

se
)

U
p

D
ow

n

13
67

84
4

M
12

67
2

A
A

87
52

25
G

-α
-i

2
G

T
P-

bi
nd

in
g 

pr
ot

ei
n

U
p

D
ow

n

Endocrinology. Author manuscript; available in PMC 2014 October 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Almon et al. Page 30

23
0A

 p
ro

be
 s

et
23

0A
 a

cc
es

si
on

U
34

A
 p

ro
be

 s
et

/a
cc

es
si

on
Sy

m
bo

l
Id

en
ti

fi
ca

ti
on

R
es

po
ns

e

A
cu

te
C

hr
on

ic

13
68

97
5,

 6
, 1

39
03

25
N

M
_0

13
12

7,
 D

30
79

5,
 B

I2
89

41
8

D
29

64
6

C
d3

8
A

D
P-

ri
bo

sy
l c

yc
la

se
; C

D
38

U
p

D
ow

n

13
68

82
1,

 1
36

88
22

, 1
37

23
31

B
G

66
50

37
, B

I2
90

88
5,

 N
M

_0
24

36
9

A
A

89
12

33
Fs

tl1
Fo

lli
st

at
in

-r
el

at
ed

 p
ro

te
in

U
p

D
ow

n

13
70

28
8

A
F3

72
21

6
X

02
41

2,
 M

60
66

6
T

P-
3

T
ro

po
m

yo
si

n 
α

-i
so

fo
rm

U
p

D
ow

n

13
88

14
0

A
W

25
37

22
M

83
67

8
R

ab
13

R
A

B
13

, m
em

be
r 

R
A

S 
on

co
ge

ne
 f

am
ily

D
ow

n/
up

D
ow

n

13
70

41
4

M
94

04
3

M
94

04
3

R
ab

38
R

ab
38

, m
em

be
r 

of
 R

A
S 

on
co

ge
ne

fa
m

ily
D

ow
n/

up
D

ow
n

13
68

82
1

N
M

_0
24

36
9

A
A

85
98

85
, A

A
89

12
33

Fr
p,

 F
st

l1
Fo

lli
st

at
in

-l
ik

e 
1,

 a
ct

iv
in

-b
in

di
ng

pr
ot

ei
n

D
ow

n/
up

D
ow

n

13
68

53
6

N
M

_0
57

10
4

D
28

56
0

N
PH

-t
yp

e 
II

I
Ph

os
ph

od
ie

st
er

as
e 

I/
nu

cl
eo

tid
e

py
ro

ph
os

ph
at

as
e 

2
D

ow
n

D
ow

n/
up

/d
ow

n

Pr
ob

e 
se

ts
 r

eg
ul

at
ed

 b
y 

M
PL

 in
 r

at
 li

ve
r 

af
te

r 
bo

th
 a

cu
te

 a
nd

 c
hr

on
ic

 d
ru

g 
ad

m
in

is
tr

at
io

n 
an

d 
ca

te
go

ri
ze

d 
as

 r
el

at
in

g 
to

 c
el

l s
ig

na
lin

g.
 A

ff
ym

et
ri

x 
23

0A
 a

rr
ay

s 
us

e 
a 

pr
ob

e 
se

t n
um

be
r 

di
st

in
ct

 f
ro

m
 G

en
B

an
k

ac
ce

ss
io

n 
nu

m
be

rs
, w

he
re

as
 U

34
A

 c
hi

ps
 u

se
 a

 c
om

m
on

 p
ro

be
 s

et
/G

en
B

an
k 

ac
ce

ss
io

n 
nu

m
be

r 
fo

r 
id

en
tif

ic
at

io
n.

Endocrinology. Author manuscript; available in PMC 2014 October 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Almon et al. Page 31

T
A

B
L

E
 3

M
PL

-r
eg

ul
at

ed
 p

ro
be

 s
et

s 
re

la
te

d 
to

 s
m

al
l m

ol
ec

ul
e 

m
et

ab
ol

is
m

23
0A

 p
ro

be
 s

et
23

0A
 a

cc
es

si
on

U
34

A
 p

ro
be

 s
et

/a
cc

es
si

on
Sy

m
bo

l
Id

en
ti

fi
ca

ti
on

R
es

po
ns

e

A
cu

te
C

hr
on

ic

13
87

10
9

N
M

_0
31

57
6

A
I1

37
85

6,
 M

10
06

8
Po

r
P4

50
 (

cy
to

ch
ro

m
e)

 o
xi

do
re

du
ct

as
e

U
p

U
p

13
71

02
1,

 1
37

54
12

A
I1

01
33

1
D

49
43

4
A

rs
b

A
ry

ls
ul

fa
ta

se
 B

, l
ys

os
om

al
G

ly
co

sa
m

in
og

ly
ca

n 
de

gr
ad

at
io

n
U

p
U

p

13
70

37
0

A
F0

34
21

8
A

F0
34

21
8 

(2
)

H
ya

l2
H

ya
lu

ro
ni

da
se

 2
, l

ys
os

om
al

gl
yc

os
am

in
og

ly
ca

n 
de

gr
ad

at
io

n
U

p
U

p

13
87

96
3

M
24

39
6

J0
39

59
, ×

 1
30

98
U

ri
ca

se
, u

ra
te

 o
xi

da
se

 2
U

p
U

p

13
87

74
0,

 1
37

93
61

N
M

_0
53

48
7

A
A

89
21

28
, A

J2
24

12
0

Pe
x1

1a
Pe

ro
xi

so
m

e 
bi

og
en

es
is

 f
ac

to
r 

11
A

D
ow

n/
up

U
p

13
68

18
0

N
M

_0
17

01
3

A
I2

35
74

7
G

st
a2

G
lu

ta
th

io
ne

-S
-t

ra
ns

fe
ra

se
, α

-t
yp

e 
2

D
ow

n/
up

U
p

13
69

98
6

N
M

_0
33

34
9

A
I0

12
80

2
H

ag
h

H
yd

ro
xy

ac
yl

 g
lu

ta
th

io
ne

 h
yd

ro
la

se
, b

ot
h

cy
to

so
l a

nd
 M

D
ow

n/
up

U
p

13
67

79
8

N
M

_0
17

20
1

M
15

18
5

A
hc

y
S-

ad
en

os
yl

ho
m

oc
ys

te
in

e 
hy

dr
ol

as
e,

 c
yt

os
ol

D
ow

n/
up

U
p

13
70

69
8

M
13

50
6

M
13

50
6

U
D

PG
T

R
-2

L
iv

er
 U

D
P-

gl
uc

ur
on

os
yl

tr
an

sf
er

as
e,

ph
en

ob
ar

bi
ta

l-
in

du
ci

bl
e,

 m
ic

ro
so

m
al

D
ow

n/
 u

p
U

p

13
98

30
7

D
38

38
1

D
38

38
1

C
yp

3a
18

P4
50

 6
β-

2
D

ow
n/

up
U

p

13
87

31
4

N
M

_0
22

51
3

D
89

37
5

Su
lt1

b1
Su

lf
ot

ra
ns

fe
ra

se
 f

am
ily

 1
B

, m
em

be
r 

1 
cy

to
so

l
D

ow
n/

up
U

p

13
87

82
5

N
M

_0
31

53
3

J0
25

89
A

nd
ro

st
er

on
e 

U
D

P-
gl

uc
ur

on
os

yl
tr

an
sf

er
as

e
D

ow
n/

up
U

p

13
68

22
6

N
M

_1
33

52
5

U
82

59
1

R
cl

, C
6o

rf
10

8
N

uc
le

os
id

e 
2-

de
ox

yr
ib

os
yl

tr
an

sf
er

as
e 

do
m

ai
n

(c
-M

yc
-r

es
po

ns
iv

e)
D

ow
n/

up
U

p

13
87

65
9

A
F2

45
17

2
A

A
85

98
37

 (
2)

G
da

G
ua

ni
ne

 d
ea

m
in

as
e

U
p

D
ow

n/
up

13
87

97
3

U
39

20
6

U
39

20
6

C
Y

P4
F4

C
Y

P4
F4

D
ow

n
U

p

13
87

24
3

K
02

42
2

K
03

24
1

C
yp

1a
2

C
yp

1a
2

D
ow

n
U

p

13
70

49
6

A
B

00
84

24
A

B
00

84
24

C
yp

2d
3

C
yp

2d
3

D
ow

n
U

p

13
67

84
3

N
M

_1
34

40
7

A
A

89
28

21
 (

2)
A

kr
7a

2,
 A

ia
r

A
ld

o-
ke

to
 r

ed
uc

ta
se

 f
am

ily
 7

, m
em

be
r 

A
2

(a
fl

at
ox

in
 a

ld
eh

yd
e 

re
du

ct
as

e)
, p

er
ox

D
ow

n
U

p

13
88

30
0

A
A

89
22

34
A

A
89

22
34

G
st

3
G

lu
ta

th
io

ne
 S

-t
ra

ns
fe

ra
se

 3
, m

ic
ro

so
m

al
D

ow
n

U
p

13
68

71
7

N
M

_0
24

13
2

U
72

49
7

Fa
ah

Fa
tty

 a
ci

d 
am

id
e 

hy
dr

ol
as

e 
(d

eg
ra

de
s

bi
oa

ct
iv

e 
fa

tty
 a

ci
d 

am
id

es
)

D
ow

n
U

p

13
87

95
8

L
32

60
1

L
32

60
1

20
 α

-H
yd

ro
xy

st
er

oi
d 

de
hy

dr
og

en
as

e
D

ow
n

U
p

13
87

67
2

N
M

_0
17

08
4

X
06

15
0,

 A
A

89
32

19
G

nm
t

G
ly

ci
ne

 m
et

hy
ltr

an
sf

er
as

e
D

ow
n/

up
/d

ow
n

U
p

13
71

07
6

A
I4

54
61

3
K

01
72

1
C

yp
2b

15
C

yp
2b

15
D

ow
n/

up
D

ow
n/

up

Endocrinology. Author manuscript; available in PMC 2014 October 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Almon et al. Page 32

23
0A

 p
ro

be
 s

et
23

0A
 a

cc
es

si
on

U
34

A
 p

ro
be

 s
et

/a
cc

es
si

on
Sy

m
bo

l
Id

en
ti

fi
ca

ti
on

R
es

po
ns

e

A
cu

te
C

hr
on

ic

13
68

49
7

N
M

_0
12

83
3

D
86

08
6

A
bc

c2
A

T
P-

bi
nd

in
g 

ca
ss

et
te

, s
ub

-f
am

ily
 C

 (
C

FT
R

/
M

R
P)

, m
em

be
r 

2
D

ow
n/

up
D

ow
n

13
70

39
7

M
33

93
6

A
A

92
45

91
C

yp
4A

3
C

yt
oc

hr
om

e 
P4

50
 4

A
3

U
p

D
ow

n

13
70

08
0

N
M

_0
12

58
0

J0
27

22
H

E
O

X
G

 H
eo

x 
H

m
ox

H
em

e 
ox

yg
en

as
U

p
U

p/
do

w
n

13
87

91
6

U
39

20
8

U
39

20
8

U
39

20
8

C
Y

P4
F6

D
ow

n
D

ow
n

13
69

42
4

N
M

_0
12

69
3

J0
41

87
C

yp
2a

2
C

yp
2a

2
D

ow
n

D
ow

n

13
67

98
8

U
04

73
3

U
04

73
3

cy
p 

2C
23

C
yt

oc
hr

om
e 

P4
50

 a
ra

ch
id

on
ic

 a
ci

d
ep

ox
yg

en
as

e
D

ow
n

D
ow

n

13
87

66
9

N
M

_0
12

84
4

M
26

12
5

E
ph

x1
E

po
xi

de
 h

yd
ro

la
se

 1
, m

ic
ro

so
m

al
D

ow
n

D
ow

n

13
87

21
4

N
M

_0
31

56
5

X
81

39
5

C
es

1
C

ar
bo

xy
le

st
er

as
e 

1
D

ow
n

D
ow

n

13
87

02
2

N
M

_0
22

40
7

A
F0

01
89

8
A

ld
h1

a1
A

ld
eh

yd
e 

de
hy

dr
og

en
as

e 
fa

m
ily

 1
, m

em
be

r
A

1 
cy

to
so

lic
D

ow
n

D
ow

n

13
69

29
6

N
M

_0
31

73
2

L
22

33
9 

(2
)

Su
lt1

a2
Su

lf
ot

ra
ns

fe
ra

se
 f

am
ily

, c
yt

os
ol

ic
, 1

C
,

m
em

be
r 

1,
 N

-h
yd

ro
xy

-2
-a

ce
ty

la
m

in
of

lu
or

en
e;

su
lf

ot
ra

ns
fe

ra
se

D
ow

n
D

ow
n

13
87

22
1

N
M

_0
24

35
6

A
I6

39
45

7
G

ch
G

T
P 

cy
cl

oh
yd

ro
la

se
 1

D
ow

n
D

ow
n

13
78

75
3

A
I6

38
97

1
A

I6
38

97
1

T
pm

t
T

hi
op

ur
in

e 
m

et
hy

ltr
an

sf
er

as
e

D
ow

n
D

ow
n

13
68

40
9

N
M

_0
12

79
6

A
I1

38
14

3,
 D

10
02

6
G

st
t2

G
lu

ta
th

io
ne

 S
-t

ra
ns

fe
ra

se
, θ

 2
D

ow
n

D
ow

n

13
70

68
8,

 1
37

25
23

, 1
37

00
30

J0
51

81
, A

A
89

27
70

, N
M

_0
17

30
5

J0
51

81
 (

3)
, S

65
55

5
G

lc
lc

G
lu

ta
m

at
e-

cy
st

ei
ne

 li
ga

se
, c

at
al

yt
ic

 s
ub

un
it

D
ow

n
D

ow
n

13
68

82
6

N
M

_0
12

53
1

M
93

25
7,

 M
60

75
3

C
om

t
C

at
ec

ho
l-

O
-m

et
hy

ltr
an

sf
er

as
e

U
p/

do
w

n/
up

D
ow

n

Pr
ob

e 
se

ts
 r

eg
ul

at
ed

 b
y 

M
PL

 in
 r

at
 li

ve
r 

af
te

r 
bo

th
 a

cu
te

 a
nd

 c
hr

on
ic

 d
ru

g 
ad

m
in

is
tr

at
io

n 
an

d 
ca

te
go

ri
ze

d 
as

 r
el

at
in

g 
to

 s
m

al
l m

ol
ec

ul
e 

m
et

ab
ol

is
m

. A
ff

ym
et

ri
x 

23
0A

 a
rr

ay
s 

us
e 

a 
pr

ob
e 

se
t n

um
be

r 
di

st
in

ct
fr

om
 G

en
B

an
k 

ac
ce

ss
io

n 
nu

m
be

rs
, w

he
re

as
 U

34
A

 c
hi

ps
 u

se
 a

 c
om

m
on

 p
ro

be
 s

et
/G

en
B

an
k 

ac
ce

ss
io

n 
nu

m
be

r 
fo

r 
id

en
tif

ic
at

io
n.

Endocrinology. Author manuscript; available in PMC 2014 October 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Almon et al. Page 33

T
A

B
L

E
 4

M
PL

-r
eg

ul
at

ed
 p

ro
be

 s
et

s 
lo

ca
liz

ed
 to

 p
la

sm
a 

m
em

br
an

es

23
0A

 p
ro

be
 s

et
23

0A
 a

cc
es

si
on

U
34

A
 p

ro
be

 s
et

/a
cc

es
si

on
Sy

m
bo

l
Id

en
ti

fi
ca

ti
on

R
es

po
ns

e

A
cu

te
C

hr
on

ic

13
71

11
3

M
58

04
0

M
58

04
0

T
fr

c,
 C

D
71

T
ra

ns
fe

rr
in

 r
ec

ep
to

r
U

p
U

p

13
87

02
7

U
72

74
1

U
72

74
1

L
ga

ls
9

β-
G

al
ac

to
si

de
 b

in
di

ng
 le

ct
in

 9
U

p
U

p

13
69

71
6

N
M

_0
12

97
6

L
21

71
1

L
ga

ls
5

β-
G

al
ac

to
si

de
 b

in
di

ng
 p

ro
te

in
 5

U
p

U
p

13
86

93
7,

 1
36

78
14

M
14

13
7,

 A
I2

32
03

6
A

I1
12

17
3

A
tp

1b
1

A
T

Pa
se

 N
a+

/K
+
 tr

an
sp

or
tin

g 
β1

U
p

U
p

13
67

58
5,

 1
37

11
08

M
74

49
4,

 M
28

64
7

M
74

49
4

N
ka

a1
b

N
a,

K
-A

T
Pa

se
 α

-1
 s

ub
un

it
U

p
U

p

13
70

26
2_

at
A

I7
06

78
5

A
F1

00
42

1
L

yr
ic

M
et

ad
he

ri
n,

 m
et

as
ta

si
s

U
p

U
p

13
67

56
8_

a_
at

N
M

_0
12

86
2

A
I0

12
03

0
M

gp
M

at
ri

x 
G

la
 p

ro
te

in
U

p
U

p

13
67

57
9_

a_
at

B
I2

85
43

4
A

A
89

23
33

T
ub

a1
T

ub
ul

in
, α

6
U

p
U

p

13
71

54
2_

at
B

I2
84

59
9

J0
07

97
T

ub
ul

in
, α

4
U

p
U

p

13
67

66
9

A
I2

33
19

0
U

05
78

4
M

PL
3

L
ig

ht
 c

ha
in

 3
 s

ub
un

it 
of

 m
ic

ro
tu

bu
le

-a
ss

oc
ia

te
d 

pr
ot

ei
ns

 1
A

 a
nd

 1
B

U
p

U
p

13
67

72
1

N
M

_0
12

64
9

S6
18

68
SY

N
D

4
Sy

nd
ec

an
 4

, r
yu

do
ca

n
U

p
U

p

13
69

97
6_

at
N

M
_0

53
31

9
A

I0
09

80
6

M
G

C
94

62
8

D
yn

ei
n,

 c
yt

op
la

sm
ic

, l
ig

ht
 c

ha
in

 1
U

p
U

p

13
76

09
8_

a_
at

B
F2

82
30

4
A

A
87

51
26

 (
2)

M
yo

1g
M

yo
si

n 
IG

U
p

U
p

13
69

72
0_

at
N

M
_0

53
98

6
X

68
19

9
M

yo
1b

M
yo

si
n 

Ib
U

p
U

p

13
74

17
1,

 1
38

72
87

D
83

59
8,

 A
I1

70
50

7
A

F0
19

62
8

Su
r2

Su
lf

on
yl

ur
ea

 r
ec

ep
to

r 
2

U
p

U
p

13
73

84
2

B
M

39
07

18
A

A
85

86
20

N
-W

A
SP

W
is

ko
tt-

A
ld

ri
ch

 s
yn

dr
om

e 
ge

ne
-l

ik
e

U
p/

do
w

n
U

p

13
70

52
6_

at
A

F0
20

04
5

A
F0

20
04

6
It

ga
e

A
dh

es
io

n 
re

ce
pt

or
, i

nt
eg

ri
n 

α
 E

1
D

ow
n/

up
U

p

13
69

95
3

B
I2

85
14

1
U

49
06

2 
(2

)
C

d2
4

C
D

24
 a

nt
ig

en
U

p
D

ow
n

13
73

93
2

B
E

09
87

39
A

A
89

40
29

C
yb

b
E

nd
ot

he
lia

l t
yp

e 
gp

91
-p

ho
x

U
p

D
ow

n

13
90

65
9

B
I3

02
83

0
M

61
87

5
H

A
M

M
 C

D
44

A
 M

E
T

A
A

C
el

l s
ur

fa
ce

 g
ly

co
pr

ot
ei

n 
(h

ya
lu

ro
na

te
 b

in
di

ng
 p

ro
te

in
)

U
p

D
ow

n

13
68

41
9

A
F2

02
11

5
A

I6
39

43
8

gl
yp

ic
an

 1
G

PI
-a

nc
ho

re
d 

ce
ru

lo
pl

as
m

in
U

p
D

ow
n

13
87

85
6_

at
B

I2
74

45
7

A
A

94
44

22
C

nn
3

C
al

po
ni

n 
3

U
p/

do
w

n
D

ow
n

13
87

20
6_

at
N

M
_0

31
74

0
A

F0
48

68
7

B
4g

al
t6

U
D

P-
G

al
:β

 G
lc

N
A

c-
β 

1,
4-

ga
la

ct
os

yl
tr

an
sf

er
as

e,
 p

ol
yp

ep
tid

e 
6

U
p/

do
w

n
D

ow
n

13
72

08
7

B
G

66
69

16
A

J0
12

60
3

T
A

C
E

T
N

F-
α

 c
on

ve
rt

in
g 

en
zy

m
e

U
p/

do
w

n
D

ow
n

13
67

84
9_

at
N

M
_0

13
02

6
X

60
65

1,
 S

61
86

5
Sy

nd
1

Sy
nd

ec
an

 1
D

ow
n

D
ow

n

13
68

64
2,

 1
38

72
59

A
F0

97
59

3,
 N

M
_0

31
33

3
A

F0
97

59
3 

(2
)

C
dh

2
N

-c
ad

he
ri

n
D

ow
n

D
ow

n

13
88

44
1_

at
B

G
37

99
87

A
A

89
27

73
T

hy
m

os
in

, β
 4

D
ow

n
D

ow
n

Endocrinology. Author manuscript; available in PMC 2014 October 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Almon et al. Page 34

23
0A

 p
ro

be
 s

et
23

0A
 a

cc
es

si
on

U
34

A
 p

ro
be

 s
et

/a
cc

es
si

on
Sy

m
bo

l
Id

en
ti

fi
ca

ti
on

R
es

po
ns

e

A
cu

te
C

hr
on

ic

13
86

93
8_

at
N

M
_0

31
01

2
M

25
07

3
A

np
ep

, C
D

13
A

la
ny

l (
m

em
br

an
e)

 a
m

in
op

ep
tid

as
e

D
ow

n
D

ow
n

13
72

78
0_

at
B

M
39

13
10

A
A

89
23

53
T

ra
ns

m
em

br
an

e 
pr

ot
ei

n 
53

D
ow

n
D

ow
n

13
68

11
5_

at
N

M
_0

31
70

0
M

74
06

7
C

ld
n3

C
la

ud
in

 3
D

ow
n

D
ow

n

13
87

06
1_

at
N

M
_0

31
04

7
13

87
06

1_
at

Ju
p

Ju
nc

tio
n 

pl
ak

og
lo

bi
n,

 γ
-c

at
en

in
D

ow
n

D
ow

n

13
67

81
2_

at
N

M
_0

19
16

7
A

B
00

13
47

Sp
nb

3
β-

Sp
ec

tr
in

 3
D

ow
n

D
ow

n

13
83

60
6_

at
B

I3
02

54
4

A
I6

39
41

7
M

em
br

an
e 

ta
rg

et
in

g 
(t

an
de

m
) 

C
2 

do
m

ai
n 

co
nt

ai
ni

ng
 1

D
ow

n
D

ow
n

Pr
ob

e 
se

ts
 r

eg
ul

at
ed

 b
y 

M
PL

 in
 r

at
 li

ve
r 

af
te

r 
bo

th
 a

cu
te

 a
nd

 c
hr

on
ic

 d
ru

g 
ad

m
in

is
tr

at
io

n 
an

d 
id

en
tif

ie
d 

as
 lo

ca
liz

ed
 to

 p
la

sm
a 

m
em

br
an

es
. A

ff
ym

et
ri

x 
23

0A
 a

rr
ay

s 
us

e 
a 

pr
ob

e 
se

t n
um

be
r 

di
st

in
ct

 f
ro

m
G

en
B

an
k 

ac
ce

ss
io

n 
nu

m
be

rs
, w

he
re

as
 U

34
A

 c
hi

ps
 u

se
 a

 c
om

m
on

 p
ro

be
 s

et
/G

en
B

an
k 

ac
ce

ss
io

n 
nu

m
be

r 
fo

r 
id

en
tif

ic
at

io
n.

Endocrinology. Author manuscript; available in PMC 2014 October 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Almon et al. Page 35

T
A

B
L

E
 5

Im
m

un
e-

re
la

te
d 

M
PL

-r
eg

ul
at

ed
 p

ro
be

 s
et

s

23
0A

 p
ro

be
 s

et
23

0A
 a

cc
es

si
on

U
34

A
 p

ro
be

 s
et

/a
cc

es
si

on
Sy

m
bo

l
Id

en
ti

fi
ca

ti
on

R
es

po
ns

e

A
cu

te
C

hr
on

ic

13
98

78
4

N
M

_0
19

25
9

A
I1

78
13

5
C

1q
bp

C
1q

 b
in

di
ng

, i
nh

ib
its

 C
1 

ac
tiv

at
io

n
U

p
U

p

13
90

10
4

B
I2

96
55

1
A

I0
10

58
0

Ir
gq

Im
m

un
ity

-r
el

at
ed

 G
T

Pa
se

 f
am

ily
, Q

U
p

U
p

13
88

33
1

B
G

05
75

43
A

A
68

59
03

T
um

or
 r

ej
ec

tio
n 

an
tig

en
 g

p9
6

U
p

U
p

13
75

68
6

A
I7

06
90

7
A

A
89

26
80

, A
A

89
22

98
Pp

il3
Pe

pt
id

yl
pr

ol
yl

 is
om

er
as

e 
(c

yc
lo

ph
ili

n)
-l

ik
e 

3
U

p
U

p

13
67

65
7

N
M

_0
17

25
8

L
26

26
8 

(2
)

B
tg

1
B

-c
el

l t
ra

ns
lo

ca
tio

n 
ge

ne
 1

, a
nt

ip
ro

lif
er

at
iv

e
U

p
U

p

13
68

66
8

N
M

_0
53

86
6

U
17

90
1

Pl
aa

Ph
os

ph
ol

ip
as

e 
A

2,
 a

ct
iv

at
in

g 
pr

ot
ei

n
U

p
U

p

13
70

75
0,

 1
36

92
55

N
M

_0
13

12
3

M
95

57
8 

(2
),

 U
14

01
0 

(2
)

Il
1r

1
IL

-1
 r

ec
ep

to
r,

 ty
pe

 I
U

p
U

p

13
71

92
6,

 1
37

31
40

, 1
37

09
57

B
M

38
34

27
M

92
34

0
Il

6s
t

IL
-6

 s
ig

na
l t

ra
ns

du
ce

r
U

p
U

p

13
86

98
7

N
M

_0
17

02
0

M
58

58
7

Il
6r

IL
-6

 r
ec

ep
to

r
U

p
U

p

13
72

92
6

A
I0

09
15

9
U

27
20

1
T

IM
P-

3
T

is
su

e 
in

hi
bi

to
r 

of
 m

et
al

lo
pr

ot
ei

na
se

 3
U

p
U

p

13
70

85
5

B
G

66
69

33
A

I2
31

29
2

C
st

3
C

ys
ta

tin
 C

 (
in

hi
bi

to
r 

of
 c

ys
te

in
e 

pr
ot

ei
na

se
s)

 c
at

he
ps

in
s

D
ow

n
U

p

13
87

12
7

N
M

_0
31

35
1

A
A

85
96

45
A

tr
n,

 D
PP

T
-L

A
ttr

ac
tin

D
ow

n
U

p

13
98

25
6

N
M

_0
31

51
2

M
98

82
0

Il
1b

IL
-1

β
D

ow
n

D
ow

n

13
74

33
4

A
I4

12
18

9
A

I2
34

82
8

Ig
 h

ea
vy

 c
ha

in
 V

-I
II

 r
eg

io
n 

V
H

26
 p

re
cu

rs
or

D
ow

n
D

ow
n

13
71

10
0

A
A

85
90

49
D

00
36

2,
 M

20
62

9
E

s2
E

st
er

as
e 

2
D

ow
n

D
ow

n

13
68

75
5

N
M

_0
53

75
3

M
55

53
2

K
cl

r
C

-t
yp

e 
(c

al
ci

um
 d

ep
en

de
nt

) 
le

ct
in

, s
up

er
fa

m
ily

 m
em

be
r 

13
D

ow
n

D
ow

n

13
68

74
1

N
M

_0
57

14
6

U
52

94
8

C
9

C
om

pl
em

en
t c

om
po

ne
nt

 C
9

D
ow

n
D

ow
n

13
73

02
5

A
I4

11
61

8
A

A
89

15
76

C
om

pl
em

en
t p

ro
te

in
 C

1q
 β

 c
ha

in
D

ow
n

D
ow

n

13
70

02
7,

 1
38

82
29

M
22

35
9,

 N
M

_0
23

10
3

M
22

36
0,

 M
22

35
9

M
ug

1
M

ur
in

og
lo

bu
lin

 1
 h

om
ol

og
, p

la
sm

a 
pr

ot
ei

na
se

 in
hi

bi
to

r 
α

-1
-i

nh
ib

ito
r

II
I

D
ow

n
D

ow
n

13
71

01
5

X
52

71
1

X
52

71
1

M
x1

M
yx

ov
ir

us
 (

in
fl

ue
nz

a 
vi

ru
s)

 r
es

is
ta

nc
e 

1
U

p/
do

w
n

D
ow

n

13
70

05
6

N
M

_0
20

10
3

M
30

69
1

L
y6

c
L

y6
-C

 a
nt

ig
en

U
p/

do
w

n
D

ow
n

13
68

33
2

N
M

_1
33

62
4

M
80

36
7

G
bp

2
G

ua
ny

la
te

 n
uc

le
ot

id
e 

bi
nd

in
g 

pr
ot

ei
n 

2
U

p/
do

w
n

D
ow

n

13
67

61
4

N
M

_0
12

90
4

S5
74

78
, A

I1
71

96
2

A
nx

a1
A

nn
ex

in
 A

1,
 li

po
co

rt
in

 I
U

p/
do

w
n

D
ow

n

13
68

07
3

N
M

_0
12

59
1

M
34

25
3 

(2
)

Ir
f1

In
te

rf
er

on
 r

eg
ul

at
or

y 
fa

ct
or

 1
U

p/
do

w
n

D
ow

n

13
68

59
2,

 1
37

11
70

A
J2

45
64

3,
 N

M
_0

17
01

9
D

00
40

3
Il

1a
IL

-1
α

 (
Il

1a
)

U
p/

do
w

n
D

ow
n

13
67

67
9

N
M

_0
13

06
9

X
13

04
4

IN
V

G
34

H
is

to
co

m
pa

tib
ili

ty
: c

la
ss

 I
I 

an
tig

en
s,

 γ
-c

ha
in

 o
f

U
p/

do
w

n
D

ow
n

13
83

56
4

B
F4

11
03

6
A

A
79

98
61

(2
)

Ir
f7

In
te

rf
er

on
 r

eg
ul

at
or

y 
fa

ct
or

 7
U

p
D

ow
n

Endocrinology. Author manuscript; available in PMC 2014 October 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Almon et al. Page 36

23
0A

 p
ro

be
 s

et
23

0A
 a

cc
es

si
on

U
34

A
 p

ro
be

 s
et

/a
cc

es
si

on
Sy

m
bo

l
Id

en
ti

fi
ca

ti
on

R
es

po
ns

e

A
cu

te
C

hr
on

ic

13
98

24
6

N
M

_0
53

84
3

M
32

06
2 

(2
)

Fc
gr

3
Fc

 r
ec

ep
to

r,
 I

gG
, l

ow
 a

ff
in

ity
 I

II
U

p
D

ow
n

13
87

68
7

N
M

_1
33

54
2

A
J2

23
18

4
Ig

sf
6

Ig
 s

up
er

fa
m

ily
, m

em
be

r 
6

U
p

D
ow

n

13
67

57
4

N
M

_0
31

14
0

X
62

95
2

V
im

V
im

en
tin

U
p

D
ow

n

13
76

15
1

A
I4

07
95

3
A

A
89

19
44

In
te

rf
er

on
-γ

-i
nd

uc
ed

 G
T

Pa
se

D
ow

n/
up

D
ow

n

Pr
ob

e 
se

ts
 r

eg
ul

at
ed

 b
y 

M
PL

 in
 r

at
 li

ve
r 

af
te

r 
bo

th
 a

cu
te

 a
nd

 c
hr

on
ic

 d
ru

g 
ad

m
in

is
tr

at
io

n 
an

d 
ca

te
go

ri
ze

d 
as

 im
m

un
e 

re
la

te
d.

 A
ff

ym
et

ri
x 

23
0A

 a
rr

ay
s 

us
e 

a 
pr

ob
e 

se
t n

um
be

r 
di

st
in

ct
 f

ro
m

 G
en

B
an

k
ac

ce
ss

io
n 

nu
m

be
rs

, w
he

re
as

 U
34

A
 c

hi
ps

 u
se

 a
 c

om
m

on
 p

ro
be

 s
et

/G
en

B
an

k 
ac

ce
ss

io
n 

nu
m

be
r 

fo
r 

id
en

tif
ic

at
io

n.

Endocrinology. Author manuscript; available in PMC 2014 October 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Almon et al. Page 37

T
A

B
L

E
 6

M
PL

-r
eg

ul
at

ed
 p

ro
be

 s
et

s 
re

la
te

d 
to

 p
ro

te
in

 o
r 

am
in

o 
ac

id
 m

et
ab

ol
is

m

23
0A

 p
ro

be
 s

et
23

0A
 a

cc
es

si
on

U
34

A
 p

ro
be

 s
et

/a
cc

es
si

on
Sy

m
bo

l
Id

en
ti

fi
ca

ti
on

R
es

po
ns

e

A
cu

te
C

hr
on

ic

13
86

92
3,

 1
37

56
42

M
62

38
8

M
62

38
8 

(2
),

 A
A

79
96

12
U

bi
qu

iti
n-

co
nj

ug
at

in
g 

pr
ot

ei
n

U
p

U
p

13
71

81
4

B
I2

82
19

1
A

A
85

97
22

U
be

2g
2

U
bi

qu
iti

n-
co

nj
ug

at
in

g 
en

zy
m

e 
E

2G
 2

U
p

U
p

13
82

05
9

B
I2

89
52

9
A

I6
39

50
6

Fb
xo

30
F-

bo
x 

pr
ot

ei
n 

30
 (

Fb
xo

30
),

 p
ro

te
in

-u
bi

qu
iti

n 
lig

as
es

U
p

U
p

13
92

63
3

A
I0

45
72

4
A

I6
39

31
2

Fb
xo

32
F-

bo
x 

on
ly

 p
ro

te
in

 3
2 

(F
bx

o3
2)

, p
ro

te
in

-u
bi

qu
iti

n 
lig

as
es

U
p

U
p

13
70

96
4

B
F2

83
45

6
X

12
45

9
A

ss
A

rg
in

in
os

uc
ci

na
te

 s
yn

th
et

as
e 

(a
m

m
on

ia
 d

et
ox

if
ic

at
io

n)
U

p
U

p

13
68

72
0

N
M

_0
22

40
3

A
A

94
51

43
T

do
2

T
ry

pt
op

ha
n 

2,
3-

di
ox

yg
en

as
e 

(k
yn

ur
en

in
e 

pa
th

w
ay

)
U

p
U

p

13
68

24
7

N
M

_0
31

97
1

A
I1

70
61

3 
(2

)
H

sp
a1

a,
 H

sp
10

m
ito

ch
on

dr
ia

l c
ha

pe
ro

ni
n

U
p

U
p

13
98

96
0

A
I1

72
32

8
A

A
87

50
47

T
C

P2
0

ch
ap

er
on

in
 s

ub
un

it 
6a

 (
ζ)

U
p

U
p

13
88

69
8

A
I2

36
60

1
A

I2
36

60
1

H
SP

10
5

H
ea

t s
ho

ck
 p

ro
te

in
 1

05
U

p
U

p

13
89

02
1

B
F2

84
74

6
A

A
79

95
31

A
SN

S
A

sp
ar

ag
in

e 
sy

nt
he

ta
se

 d
om

ai
n 

co
nt

ai
ni

ng
 1

U
p

U
p

13
68

18
8

N
M

_0
17

23
3

A
A

86
63

02
H

pd
4-

H
yd

ro
xy

ph
en

yl
py

ru
vi

c 
ac

id
 d

io
xy

ge
na

se
D

ow
n/

up
U

p

13
67

69
5

N
M

_0
22

39
0

J0
34

81
Q

dp
r

Q
ui

no
id

 d
ih

yd
ro

pt
er

id
in

e 
re

du
ct

as
e 

(P
K

U
)

D
ow

n/
up

U
p

13
68

79
4

N
M

_0
20

07
6

D
28

33
9,

 D
44

49
4

H
aa

o
3-

H
yd

ro
xy

an
th

ra
ni

la
te

 3
,4

-d
io

xy
ge

na
se

 (
sy

nt
he

si
s 

of
 q

ui
no

lin
ic

 a
ci

d)
D

ow
n/

up
U

p

13
68

26
6

N
M

_0
17

13
4

J0
27

20
A

rg
1

A
rg

in
as

e 
1 

(a
m

m
on

ia
 d

et
ox

if
ic

at
io

n)
D

ow
n/

up
U

p

13
70

20
0,

 1
38

78
78

A
I1

79
61

3,
 A

I2
33

21
6

B
I2

84
41

1
G

lu
d1

G
lu

ta
m

at
e 

de
hy

dr
og

en
as

e 
1(

am
m

on
ia

 d
et

ox
if

ic
at

io
n)

D
ow

n
U

p

13
68

08
5

N
M

_1
33

59
5

U
85

51
2

G
ch

fr
G

T
P 

cy
cl

oh
yd

ro
la

se
 I

 f
ee

db
ac

k 
re

gu
la

to
r 

(p
he

ny
la

la
ni

ne
, t

yr
os

in
e,

 a
nd

tr
yp

to
ph

an
 h

yd
ro

xy
la

se
s)

D
ow

n
U

p

13
68

09
2

N
M

_0
17

18
1

M
77

69
4

Fa
h

Fu
m

ar
yl

ac
et

oa
ce

ta
te

 h
yd

ro
la

se
 (

ty
ro

si
ne

m
ia

 ty
pe

 I
)

D
ow

n
U

p

13
67

62
7

N
M

_0
31

03
1

U
07

97
1

G
at

m
G

ly
ci

ne
 a

m
id

in
ot

ra
ns

fe
ra

se
 (

L
-a

rg
in

in
e:

gl
yc

in
e 

am
id

in
ot

ra
ns

fe
ra

se
)

D
ow

n
D

ow
n

13
87

30
7

N
M

_0
17

15
9

M
58

30
8,

 A
B

00
23

93
H

al
H

is
tid

in
e 

am
m

on
ia

 ly
as

e
D

ow
n

D
ow

n

13
73

68
6

A
A

89
34

95
A

A
89

34
95

Se
rp

in
a6

Se
ri

ne
 (

or
 c

ys
te

in
e)

 p
ro

te
in

as
e 

in
hi

bi
to

r,
 c

la
de

 A
 (

α
-1

 a
nt

ip
ro

te
in

as
e,

an
tit

ry
ps

in
),

 m
em

be
r 

6
D

ow
n

D
ow

n

13
87

19
3,

 1
36

84
47

, 1
36

84
46

N
M

_0
12

67
4

M
35

29
9

Sp
in

k1
Se

ri
ne

 p
ro

te
as

e 
in

hi
bi

to
r,

 K
az

al
 ty

pe
 1

D
ow

n
D

ow
n

13
68

28
0

N
M

_0
17

09
7

D
90

40
4 

(2
)

C
ts

c
C

at
he

ps
in

 C
D

ow
n

D
ow

n

13
70

38
6

A
B

00
24

06
A

B
00

24
06

R
uv

bl
1

R
ib

os
om

al
 p

ro
te

in
 s

25
U

p/
do

w
n

D
ow

n

13
74

25
5

B
I2

81
78

9
A

A
87

56
02

Ph
en

yl
al

an
in

e-
tR

N
A

 s
yn

th
et

as
e-

lik
e,

 α
-s

ub
un

it
U

p/
do

w
n

D
ow

n

13
73

59
2

A
I4

07
09

4
A

A
87

50
37

Se
ri

ne
 p

ro
te

in
as

e 
in

hi
bi

to
r 

m
B

M
2A

, s
er

in
e 

(o
r 

cy
st

ei
ne

) 
pe

pt
id

as
e

in
hi

bi
to

r,
 c

la
de

 B
, m

em
be

r 
9

U
p/

do
w

n
D

ow
n

13
73

26
3,

 1
37

67
37

A
W

52
37

37
H

31
97

6
SU

M
O

Se
nt

ri
n 

sp
ec

if
ic

 p
ro

te
as

e 
5

U
p

D
ow

n

Endocrinology. Author manuscript; available in PMC 2014 October 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Almon et al. Page 38

23
0A

 p
ro

be
 s

et
23

0A
 a

cc
es

si
on

U
34

A
 p

ro
be

 s
et

/a
cc

es
si

on
Sy

m
bo

l
Id

en
ti

fi
ca

ti
on

R
es

po
ns

e

A
cu

te
C

hr
on

ic

13
67

71
0

N
M

_0
17

25
7

D
45

25
0

Ps
m

e2
Pr

ot
ea

so
m

e 
(p

ro
so

m
e,

 m
ac

ro
pa

in
) 

28
 s

ub
un

it,
 β

U
p

D
ow

n

13
75

42
1

A
I6

00
01

9
A

A
89

40
89

N
eu

ro
da

p1
N

eu
ro

de
ge

ne
ra

tio
n 

as
so

ci
at

ed
 p

ro
te

in
 1

U
p

D
ow

n

13
72

66
5

A
I2

30
22

8
A

I2
30

22
8

Ph
os

ph
os

er
in

e 
am

in
ot

ra
ns

fe
ra

se
U

p
D

ow
n

Pr
ob

e 
se

ts
 r

eg
ul

at
ed

 b
y 

M
PL

 in
 r

at
 li

ve
r 

af
te

r 
bo

th
 a

cu
te

 a
nd

 c
hr

on
ic

 d
ru

g 
ad

m
in

is
tr

at
io

n 
an

d 
ca

te
go

ri
ze

d 
as

 r
el

at
in

g 
to

 p
ro

te
in

 o
r 

am
in

o 
ac

id
 m

et
ab

ol
is

m
. A

ff
ym

et
ri

x 
23

0A
 a

rr
ay

s 
us

e 
a 

pr
ob

e 
se

t n
um

be
r

di
st

in
ct

 f
ro

m
 G

en
B

an
k 

ac
ce

ss
io

n 
nu

m
be

rs
, w

he
re

as
 U

34
A

 c
hi

ps
 u

se
 a

 c
om

m
on

 p
ro

be
 s

et
/G

en
B

an
k 

ac
ce

ss
io

n 
nu

m
be

r 
fo

r 
id

en
tif

ic
at

io
n.

Endocrinology. Author manuscript; available in PMC 2014 October 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Almon et al. Page 39

T
A

B
L

E
 7

N
uc

le
ar

-e
nc

od
ed

 m
ito

ch
on

dr
ia

l g
en

es
 r

eg
ul

at
ed

 b
y 

M
PL

23
0A

 p
ro

be
 s

et
23

0A
 a

cc
es

si
on

U
34

A
 p

ro
be

 s
et

/a
cc

es
si

on
Sy

m
bo

l
Id

en
ti

fi
ca

ti
on

R
es

po
ns

e

A
cu

te
C

hr
on

ic

13
98

87
0,

 1
37

07
85

D
63

41
1

U
21

87
1,

 D
63

41
1

T
O

M
20

O
ut

er
 m

ito
ch

on
dr

ia
l m

em
br

an
e 

re
ce

pt
or

 r
T

O
M

20
U

p
U

p

13
87

77
3

N
M

_0
12

83
9

K
00

75
0 

(2
)

C
yc

s
C

yt
oc

hr
om

e 
c,

 a
po

pt
os

is
U

p
U

p

13
98

76
3,

 1
36

80
51

N
M

_0
32

06
6

U
81

18
6 

(2
)

H
sd

17
b1

2
T

ra
ns

lo
ca

se
 o

f 
in

ne
r 

m
ito

ch
on

dr
ia

l m
em

br
an

e 
23

U
p

U
p

13
71

79
5,

 1
37

00
05

N
M

_0
30

58
6

Y
12

51
7,

 A
I2

32
25

6
om

b5
C

yt
oc

hr
om

e 
b5

, o
ut

er
 m

ito
ch

on
dr

ia
l m

em
br

an
e 

is
of

or
m

U
p

U
p

13
67

98
2

N
M

_0
24

48
4

J0
31

90
 (

2)
A

la
s1

A
m

in
ol

ev
ul

in
ic

 a
ci

d 
sy

nt
ha

se
 1

, h
em

e 
bi

os
yn

th
et

ic
U

p
U

p

13
75

50
4

B
M

39
07

47
A

A
89

29
50

Po
ly

m
er

as
e 

(D
N

A
),

 γ
2,

 m
ito

ch
on

dr
ia

l D
N

A
U

p
U

p

13
70

91
8

B
I2

75
93

9
L

19
92

7
A

tp
5c

1
A

T
P 

sy
nt

ha
se

, H
+
 tr

an
sp

or
tin

g,
 m

ito
ch

on
dr

ia
l F

1 
co

m
pl

ex
D

ow
n/

up
U

p

13
86

91
7

N
M

_0
12

74
4

U
32

31
4 

(2
)

Pc
Py

ru
va

te
 c

ar
bo

xy
la

se
 (

py
ru

va
te

 to
 o

xa
lo

ac
et

at
e)

D
ow

n/
up

U
p

13
77

75
8

B
F4

15
38

6
A

A
89

36
58

Sh
or

t-
ch

ai
n 

de
hy

dr
og

en
as

e/
re

du
ct

as
e 

9
D

ow
n/

up
U

p

13
89

02
1

B
F2

84
74

6
A

A
89

17
85

Id
h2

Is
oc

itr
at

e 
de

hy
dr

og
en

as
e 

2
D

ow
n/

up
U

p

13
68

51
4

N
M

_0
13

19
8

M
23

60
1

M
ao

b
M

on
oa

m
in

e 
ox

id
as

e 
B

, m
ito

ch
on

dr
ia

D
ow

n/
up

U
p

13
69

79
9

U
29

70
1

D
87

83
9 

(2
)

A
ba

t
4-

A
m

in
ob

ut
yr

at
e 

am
in

ot
ra

ns
fe

ra
se

, G
A

B
A

 a
m

in
o-

tr
an

sf
er

as
e 

m
ito

ch
on

dr
ia

D
ow

n/
up

U
p

13
70

15
1

N
M

_0
17

07
2

M
11

71
0,

C
ps

1
C

ar
ba

m
oy

l-
ph

os
ph

at
e 

sy
nt

he
ta

se
 1

, m
ito

ch
on

dr
ia

l (
am

m
on

ia
 d

et
ox

if
ic

at
io

n)
D

ow
n/

up
U

p

13
69

67
1

K
03

04
0

M
11

26
6

O
tc

O
rn

ith
in

e 
tr

an
sc

ar
ba

m
yl

as
e 

m
ito

ch
on

dr
ia

 (
am

m
on

ia
 d

et
ox

if
ic

at
io

n)
D

ow
n/

up
U

p

13
70

59
2

A
B

01
96

93
A

A
89

30
35

H
P3

3,
 K

eg
1

K
id

ne
y 

ex
pr

es
se

d 
ge

ne
 1

D
ow

n
U

p

13
69

02
3

N
M

_0
31

05
2

M
96

63
3

M
ip

ep
M

ito
ch

on
dr

ia
l i

nt
er

m
ed

ia
te

 p
ep

tid
as

e
D

ow
n

U
p

13
68

56
6

A
A

96
43

81
A

B
00

00
98

M
ip

p6
5

N
A

D
H

 d
eh

yd
ro

ge
na

se
 (

ub
iq

ui
no

ne
) 

fl
av

op
ro

te
in

 3
-l

ik
e

D
ow

n
U

p

13
70

23
2

A
I1

02
83

8
J0

50
31

Iv
d

Is
ov

al
er

yl
 c

oe
nz

ym
e 

A
 d

eh
yd

ro
ge

na
se

D
ow

n
U

p

13
68

07
9

N
M

_0
53

82
6

L
22

29
4

Pd
k1

Py
ru

va
te

 d
eh

yd
ro

ge
na

se
 k

in
as

e 
1

D
ow

n
U

p

13
70

50
9

A
F0

62
74

1
A

F0
62

74
1(

2)
Pd

p2
Py

ru
va

te
 d

eh
yd

ro
ge

na
se

 p
ho

sp
ha

ta
se

 is
oe

nz
ym

e 
2

D
ow

n
D

ow
n

13
68

38
7,

 1
37

47
65

B
I2

88
05

5,
 N

M
_0

53
99

5
A

A
81

78
46

B
D

H
3-

H
yd

ro
xy

bu
ty

ra
te

 d
eh

yd
ro

ge
na

se
 m

ito
ch

on
dr

ia
l

D
ow

n
D

ow
n

13
71

82
4

A
A

89
19

49
A

A
89

19
49

A
k4

A
de

ny
la

te
 k

in
as

e 
4

D
ow

n
D

ow
n

13
69

58
8,

 1
37

03
50

A
F3

68
86

0,
 N

M
_0

12
91

5
D

13
12

2
IF

1P
A

A
T

Pa
se

 in
hi

bi
to

r 
(m

ito
ch

on
dr

ia
l I

F1
 p

ro
te

in
)

D
ow

n
D

ow
n

Pr
ob

e 
se

ts
 r

eg
ul

at
ed

 b
y 

M
PL

 in
 r

at
 li

ve
r 

af
te

r 
bo

th
 a

cu
te

 a
nd

 c
hr

on
ic

 d
ru

g 
ad

m
in

is
tr

at
io

n 
an

d 
id

en
tif

ie
d 

as
 n

uc
le

ar
-e

nc
od

ed
 m

ito
ch

on
dr

ia
l g

en
es

. A
ff

ym
et

ri
x 

23
0A

 a
rr

ay
s 

us
e 

a 
pr

ob
e 

se
t n

um
be

r 
di

st
in

ct
fr

om
 G

en
B

an
k 

ac
ce

ss
io

n 
nu

m
be

rs
, w

he
re

as
 U

34
A

 c
hi

ps
 u

se
 a

 c
om

m
on

 p
ro

be
 s

et
/G

en
B

an
k 

ac
ce

ss
io

n 
nu

m
be

r 
fo

r 
id

en
tif

ic
at

io
n.

Endocrinology. Author manuscript; available in PMC 2014 October 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Almon et al. Page 40

T
A

B
L

E
 8

M
PL

-r
eg

ul
at

ed
 p

ro
be

 s
et

s 
re

la
te

d 
to

 li
pi

d 
m

et
ab

ol
is

m

23
0A

 p
ro

be
 s

et
23

0A
 a

cc
es

si
on

U
34

A
 p

ro
be

 s
et

/a
cc

es
si

on
Sy

m
bo

l
Id

en
ti

fi
ca

ti
on

R
es

po
ns

e

A
cu

te
C

hr
on

ic

13
98

27
2

N
M

_0
22

86
0

D
17

80
9

G
al

gt
1

(N
-A

ce
ty

ln
eu

ra
m

in
yl

)-
ga

la
ct

os
yl

gl
uc

os
yl

ce
ra

m
id

e 
N

-a
ce

ty
lg

al
ac

to
sa

m
in

yl
tr

an
sf

er
as

e
U

p
U

p

13
69

65
6,

 1
38

92
99

M
36

07
1

A
A

92
58

87
Pc

yt
1a

Ph
os

ph
at

e 
cy

tid
yl

yl
tr

an
sf

er
as

e 
1,

 c
ho

lin
e,

 α
 (

ph
os

ph
at

id
yl

ch
ol

in
e 

sy
nt

he
si

s)
U

p
U

p

13
68

89
0

N
M

_0
53

41
0

A
A

79
97

79
 (

2)
G

np
at

G
ly

ce
ro

ne
ph

os
ph

at
e 

O
-a

cy
ltr

an
sf

er
as

e 
(b

io
-s

yn
th

es
is

 o
f 

et
he

r 
ph

os
ph

ol
ip

id
s,

pe
ro

xi
so

m
es

)
U

p
U

p

13
84

41
7

A
A

99
87

83
A

A
94

51
71

A
po

c4
A

po
lip

op
ro

te
in

 C
-I

V
D

ow
n

U
p

13
69

46
5

N
M

_0
12

58
4

M
67

46
5

H
sd

3b
St

er
oi

d 
δ-

is
om

er
as

e,
 3

β 
(b

io
sy

nt
he

si
s 

ho
rm

on
al

 s
te

ro
id

s)
D

ow
n

U
p

13
68

23
9

N
M

_0
53

54
1

A
B

00
94

63
rL

R
p1

05
L

ow
-d

en
si

ty
 li

po
pr

ot
ei

n 
re

ce
pt

or
-r

el
at

ed
 p

ro
te

in
 3

D
ow

n/
up

U
p

13
82

68
0

A
A

87
49

41
A

A
87

49
41

, A
A

89
32

80
A

D
R

P
A

di
po

se
 d

if
fe

re
nt

ia
tio

n-
re

la
te

d 
pr

ot
ei

n,
D

ow
n/

up
U

p

13
67

66
2

N
M

_0
31

68
2

A
A

94
55

83
H

sd
17

b1
0

H
yd

ro
xy

ac
yl

-c
oe

nz
ym

e 
A

 d
eh

yd
ro

ge
na

se
 ty

pe
 I

I 
(β

-o
xi

da
tio

n 
of

 f
at

ty
 a

ci
ds

)
D

ow
n/

up
U

p

13
68

23
2

N
M

_0
31

06
3

A
A

92
41

98
, M

29
47

2
M

vk
M

ev
al

on
at

e 
ki

na
se

, b
io

sy
nt

he
si

s 
of

 c
ho

le
st

er
ol

D
ow

n/
up

D
ow

n/
up

13
87

18
3

J0
28

44
U

26
03

3,
 J

02
84

4
C

R
O

T
C

ar
ni

tin
e 

oc
ta

no
yl

tr
an

sf
er

as
e

D
ow

n
D

ow
n

13
70

90
9,

 1
38

81
53

D
90

10
9,

 B
I2

77
52

3
D

90
10

9,
 A

I0
44

90
0,

A
A

89
32

42
 (

2)
A

C
S 

C
O

A
A

L
on

g-
ch

ai
n 

ac
yl

-C
oA

 s
yn

th
et

as
e

D
ow

n
D

ow
n

13
92

60
4

A
A

99
71

87
A

A
89

30
32

N
sd

hl
N

A
D

(P
)-

de
pe

nd
en

t s
te

ro
id

 d
eh

yd
ro

ge
na

se
-l

ik
e

D
ow

n
D

ow
n

13
89

90
6,

 1
36

78
39

A
W

53
07

69
H

33
42

6,
 M

95
59

1
Fd

ft
1

Fa
rn

es
yl

 d
ip

ho
sp

ha
te

 f
ar

ne
sy

l t
ra

ns
fe

ra
se

 1
D

ow
n

D
ow

n

13
67

66
8

N
M

_0
31

84
1

A
A

87
52

69
SC

D
St

ea
ro

yl
-c

oe
nz

ym
e 

A
 d

es
at

ur
as

e 
2,

 δ
-9

-d
es

at
ur

as
e

D
ow

n
D

ow
n

13
87

05
8

N
M

_0
17

22
5

A
F0

40
26

1
Pc

tp
Ph

os
ph

at
id

yl
ch

ol
in

e 
tr

an
sf

er
 p

ro
te

in
D

ow
n

D
ow

n

13
88

34
8,

 1
38

76
30

N
M

_1
34

38
2

A
A

89
28

32
E

L
O

1
E

L
O

V
L

 f
am

ily
 m

em
be

r 
5,

 e
lo

ng
at

io
n 

of
 lo

ng
 c

ha
in

 f
at

ty
 a

ci
ds

D
ow

n
D

ow
n

13
68

07
5

N
M

_0
12

73
2

A
A

87
47

84
, S

81
49

7 
(2

)
L

ip
a

L
ys

os
om

al
 a

ci
d 

lip
as

e 
1

D
ow

n
D

ow
n

13
70

02
4

N
M

_0
30

83
2

U
02

09
6

Fa
bp

7
Fa

tty
 a

ci
d 

bi
nd

in
g 

pr
ot

ei
n 

7
D

ow
n

D
ow

n

13
70

58
3,

13
70

46
5,

13
70

36
4,

 1
36

91
61

N
M

_0
12

69
0

L
15

07
9

A
bc

b4
A

T
P-

bi
nd

in
g 

ca
ss

et
te

, s
ub

-f
am

ily
 B

 (
M

D
R

/T
A

P)
, m

em
be

r 
4

D
ow

n
D

ow
n

13
98

31
0

D
17

30
9

S8
04

31
, D

17
30

9
A

kr
1d

1
A

ld
o-

ke
to

 r
ed

uc
ta

se
 f

am
ily

 1
, m

em
be

r 
D

1
D

ow
n/

up
D

ow
n

13
86

96
5

N
M

_0
12

59
8

A
I2

37
73

1,
 L

03
29

4
L

pl
L

ip
op

ro
te

in
 li

pa
se

U
p

D
ow

n

Pr
ob

e 
se

ts
 r

eg
ul

at
ed

 b
y 

M
PL

 in
 r

at
 li

ve
r 

af
te

r 
bo

th
 a

cu
te

 a
nd

 c
hr

on
ic

 d
ru

g 
ad

m
in

is
tr

at
io

n 
an

d 
ca

te
go

ri
ze

d 
as

 r
el

at
in

g 
to

 li
pi

d 
m

et
ab

ol
is

m
. A

ff
ym

et
ri

x 
23

0A
 a

rr
ay

s 
us

e 
a 

pr
ob

e 
se

t n
um

be
r 

di
st

in
ct

 f
ro

m
G

en
B

an
k 

ac
ce

ss
io

n 
nu

m
be

rs
, w

he
re

as
 U

34
A

 c
hi

ps
 u

se
 a

 c
om

m
on

 p
ro

be
 s

et
/G

en
B

an
k 

ac
ce

ss
io

n 
nu

m
be

r 
fo

r 
id

en
tif

ic
at

io
n.

Endocrinology. Author manuscript; available in PMC 2014 October 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Almon et al. Page 41

T
A

B
L

E
 9

M
PL

-r
eg

ul
at

ed
 p

ro
be

 s
et

s 
re

la
te

d 
to

 tr
an

sp
or

t

23
0A

 p
ro

be
 s

et
23

0A
 a

cc
es

si
on

U
34

A
 p

ro
be

 s
et

/a
cc

es
si

on
Sy

m
bo

l
Id

en
ti

fi
ca

ti
on

R
es

po
ns

e

A
cu

te
C

hr
on

ic

13
79

73
9

B
F4

08
43

1
A

A
89

24
14

SL
C

4A
7

So
lu

te
 c

ar
ri

er
 f

am
ily

 4
, s

od
iu

m
 b

ic
ar

bo
na

te
 c

o-
 tr

an
sp

or
te

r,
 m

em
be

r 
7

U
p

U
p

13
69

46
0

N
M

_0
22

61
9

U
53

92
7

Sl
c7

a2
So

lu
te

 c
ar

ri
er

 f
am

ily
 7

 (
ca

tio
ni

c 
am

in
o 

ac
id

 tr
an

sp
or

te
r,

 y
+

 s
ys

te
m

),
m

em
be

r 
2

U
p

U
p

13
76

26
7,

 1
39

00
36

A
A

85
96

52
A

A
85

96
52

Sl
c1

6a
6,

 M
C

T
6

M
on

oc
ar

bo
xy

la
te

 T
ra

ns
po

rt
er

 6
U

p/
do

w
n

U
p

13
68

60
0

N
M

_0
22

28
7

L
23

41
3

sa
t-

1,
 S

lc
26

a1
So

lu
te

 c
ar

ri
er

 f
am

ily
 2

6 
(s

ul
fa

te
 tr

an
sp

or
te

r)
, m

em
be

r 
1

D
ow

n
U

p

13
98

29
5

N
M

_0
31

68
4

A
F0

15
30

4
Sl

c2
9a

1
E

qu
ili

br
at

iv
e 

nu
cl

eo
si

de
 tr

an
sp

or
te

r 
1;

 e
nt

1
D

ow
n

U
p

13
87

22
8

N
M

_0
12

87
9

N
M

_0
12

87
9

G
L

U
T

2
Fa

ci
lit

at
ed

 g
lu

co
se

 tr
an

sp
or

te
r

D
ow

n
U

p

13
87

89
6,

 1
37

02
96

M
62

76
3

M
62

76
3,

 M
58

28
7

Sc
p2

N
on

sp
ec

if
ic

 li
pi

d 
tr

an
sf

er
 p

ro
te

in
D

ow
n

U
p

13
68

74
5

N
M

_0
17

22
2

U
07

18
3

Sl
c1

0a
2

So
lu

te
 c

ar
ri

er
 f

am
ily

 1
0,

 m
em

be
r 

2 
(s

od
iu

m
/b

ile
 a

ci
d 

co
tr

an
sp

or
te

r
fa

m
ily

)
U

p
D

ow
n

13
75

82
3

B
F3

92
13

0
A

F0
04

01
7

SL
C

4A
4,

 N
B

C
E

le
ct

ro
ge

ni
c 

N
a+

 b
ic

ar
bo

na
te

 c
ot

ra
ns

po
rt

er
U

p/
do

w
n

D
ow

n

13
92

92
9

B
F4

16
67

8
A

A
80

02
02

Sl
c4

A
11

So
lu

te
 c

ar
ri

er
 f

am
ily

 4
, s

od
iu

m
 b

ic
ar

bo
na

te
 tr

an
sp

or
te

r-
lik

e,
 m

em
be

r 
11

D
ow

n
D

ow
n

13
71

52
5

B
I2

77
55

0
A

A
79

96
91

K
C

C
3

So
lu

te
 c

ar
ri

er
 f

am
ily

 1
2 

(p
ot

as
si

um
/c

hl
or

id
e 

tr
an

sp
or

te
rs

),
 m

em
be

r 
7

D
ow

n
D

ow
n

13
68

04
7

N
M

_0
22

86
6

A
A

89
26

16
Sl

c1
3a

3
So

lu
te

 c
ar

ri
er

 f
am

ily
 1

3 
(s

od
iu

m
-d

ep
en

de
nt

 d
ic

ar
bo

xy
la

te
 tr

an
sp

or
te

r)
,

m
em

be
r 

3
D

ow
n

D
ow

n

13
98

26
7

N
M

_0
53

53
7

L
27

65
1 

(2
)

Sl
c2

2a
7

So
lu

te
 c

ar
ri

er
 f

am
ily

 2
2 

(o
rg

an
ic

 a
ni

on
 tr

an
sp

or
te

r)
, m

em
be

r 
7

D
ow

n
D

ow
n

13
90

41
6

H
35

73
6

A
A

89
25

22
Sl

c2
5a

30
, K

M
C

P1
So

lu
te

 c
ar

ri
er

 f
am

ily
 2

5,
 m

em
be

r 
30

, m
ito

ch
on

dr
ia

l c
ar

ri
er

 p
ro

te
in

-1
D

ow
n

D
ow

n

13
90

41
2,

 1
37

69
72

, 1
38

71
30

N
M

_1
33

31
5

U
76

71
4 

(2
)

Sl
c3

9a
1

So
lu

te
 c

ar
ri

er
 f

am
ily

 3
9 

(i
ro

n-
re

gu
la

te
d 

tr
an

sp
or

te
r)

, m
em

be
r 

1
D

ow
n

D
ow

n

13
68

31
6

N
M

_0
19

15
8

A
B

00
55

47
A

qp
8

A
qu

ap
or

in
 8

D
ow

n
D

ow
n

Pr
ob

e 
se

ts
 r

eg
ul

at
ed

 b
y 

M
PL

 in
 r

at
 li

ve
r 

af
te

r 
bo

th
 a

cu
te

 a
nd

 c
hr

on
ic

 d
ru

g 
ad

m
in

is
tr

at
io

n 
an

d 
ca

te
go

ri
ze

d 
as

 r
el

at
in

g 
to

 tr
an

sp
or

t. 
A

ff
ym

et
ri

x 
23

0A
 a

rr
ay

s 
us

e 
a 

pr
ob

e 
se

t n
um

be
r 

di
st

in
ct

 f
ro

m
 G

en
B

an
k

ac
ce

ss
io

n 
nu

m
be

rs
, w

he
re

as
 U

34
A

 c
hi

ps
 u

se
 a

 c
om

m
on

 p
ro

be
 s

et
/G

en
B

an
k 

ac
ce

ss
io

n 
nu

m
be

r 
fo

r 
id

en
tif

ic
at

io
n.

Endocrinology. Author manuscript; available in PMC 2014 October 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Almon et al. Page 42

T
A

B
L

E
 1

0

M
PL

-r
eg

ul
at

ed
 p

ro
be

 s
et

s 
re

la
te

d 
to

 c
el

l f
at

es

23
0A

 p
ro

be
 s

et
23

0A
 a

cc
es

si
on

U
34

A
 p

ro
be

 s
et

/a
cc

es
si

on
Sy

m
bo

l
Id

en
ti

fi
ca

ti
on

R
es

po
ns

e

A
cu

te
C

hr
on

ic

13
74

59
5,

 1
37

69
99

B
F3

89
72

1
A

A
89

25
70

T
nk

s2
T

an
ky

ra
se

, t
el

om
er

ic
 r

ep
ea

t-
bi

nd
in

g 
fa

ct
or

 1
U

p
U

p

13
88

95
3

A
A

89
25

98
A

A
80

06
79

, A
A

89
25

98
 (

2)
G

N
L

3
G

ua
ni

ne
 n

uc
le

ot
id

e 
bi

nd
in

g 
pr

ot
ei

n-
lik

e 
3 

(n
uc

le
ol

ar
),

 s
te

m
 c

el
l p

ro
lif

er
at

io
n

U
p

U
p

13
70

16
3

B
F2

81
29

9
J0

47
91

O
dc

1
O

rn
ith

in
e 

de
ca

rb
ox

yl
as

e 
1

U
p

U
p

13
70

57
5

D
50

73
4

A
I0

43
63

1
O

az
in

O
rn

ith
in

e 
de

ca
rb

ox
yl

as
e 

an
tiz

ym
e 

in
hi

bi
to

r
U

p
U

p

13
70

80
7

A
F4

11
21

6
A

A
85

99
54

V
ac

uo
le

 m
em

br
an

e 
pr

ot
ei

n 
1 

(a
po

pt
os

is
)

U
p

U
p

13
67

76
4

N
M

_0
12

92
3

X
70

87
1

C
cn

g1
C

yc
lin

 G
1

U
p

U
p

13
88

39
5

A
I4

06
93

9
A

A
89

32
35

G
O

S2
G

0/
G

1 
sw

itc
h 

ge
ne

 2
D

ow
n/

up
U

p

13
67

84
7

N
M

_0
53

61
1

N
M

_0
53

61
1

N
up

r1
, p

8
N

uc
le

ar
 p

ro
te

in
 1

 (
ce

ll 
pr

ol
if

er
at

io
n)

D
ow

n/
up

U
p

13
89

17
9

B
F2

84
89

9
A

A
80

02
43

D
FF

C
el

l d
ea

th
-i

nd
uc

in
g 

D
N

A
 f

ra
gm

en
ta

tio
n 

fa
ct

or
D

ow
n/

up
U

p

13
71

64
3

A
W

14
37

98
X

75
20

7
C

C
N

D
1

C
C

N
D

1 
ge

ne
; c

yc
lin

 D
1

D
ow

n
D

ow
n

13
68

31
1

N
M

_0
12

86
1

M
76

70
4

M
G

M
T

O
6-

M
et

hy
lg

ua
ni

ne
-D

N
A

 m
et

hy
ltr

an
sf

er
as

e 
(D

N
A

 r
ep

ai
r)

D
ow

n
D

ow
n

13
71

68
4

A
A

79
93

30
A

A
79

93
30

Pe
lo

ta
 h

om
ol

og
 (

ce
ll 

di
vi

si
on

)
U

p
D

ow
n

Pr
ob

e 
se

ts
 r

eg
ul

at
ed

 b
y 

M
PL

 in
 r

at
 li

ve
r 

af
te

r 
bo

th
 a

cu
te

 a
nd

 c
hr

on
ic

 d
ru

g 
ad

m
in

is
tr

at
io

n 
an

d 
ca

te
go

ri
ze

d 
as

 r
el

at
in

g 
to

 c
el

l f
at

es
 (

pr
ol

if
er

at
io

n,
 d

if
fe

re
nt

ia
tio

n,
 o

r 
ap

op
to

si
s)

. A
ff

ym
et

ri
x 

23
0A

 a
rr

ay
s 

us
e 

a
pr

ob
e 

se
t n

um
be

r 
di

st
in

ct
 f

ro
m

 G
en

B
an

k 
ac

ce
ss

io
n 

nu
m

be
rs

, w
he

re
as

 U
34

A
 c

hi
ps

 u
se

 a
 c

om
m

on
 p

ro
be

 s
et

/G
en

B
an

k 
ac

ce
ss

io
n 

nu
m

be
r 

fo
r 

id
en

tif
ic

at
io

n.

Endocrinology. Author manuscript; available in PMC 2014 October 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Almon et al. Page 43

T
A

B
L

E
 1

1

M
PL

-r
eg

ul
at

ed
 p

ro
be

 s
et

s 
re

la
te

d 
to

 c
ar

bo
hy

dr
at

e 
m

et
ab

ol
is

m

23
0A

 p
ro

be
 s

et
23

0A
 a

cc
es

si
on

U
34

A
 p

ro
be

 s
et

/a
cc

es
si

on
Sy

m
bo

l
Id

en
ti

fi
ca

ti
on

R
es

po
ns

e

A
cu

te
C

hr
on

ic

13
86

86
4,

 1
36

94
73

N
M

_0
53

29
0

A
I1

69
41

7,
 U

20
19

5
Pg

am
1

Ph
os

ph
og

ly
ce

ra
te

 m
ut

as
e 

1 
(g

ly
co

ly
tic

)
U

p
U

p

13
87

05
2

N
M

_0
31

03
9

D
10

35
4

G
pt

G
lu

ta
m

ic
 p

yr
uv

ic
 tr

an
sa

m
in

as
e 

1,
 s

ol
ub

le
D

ow
n/

up
U

p

13
69

56
0,

 1
37

13
63

N
M

_0
22

21
5

A
B

00
25

58
G

pd
3

G
ly

ce
ro

l-
3-

ph
os

ph
at

e 
de

hy
dr

og
en

as
e 

1 
(s

ol
ub

le
)

D
ow

n
U

p

13
70

29
9

M
10

14
9

A
A

89
23

95
A

ld
ob

A
ld

ol
as

e 
B

D
ow

n
U

p

13
69

63
5

N
M

_0
17

05
2

X
74

59
3,

 A
I0

30
17

5
So

rd
So

rb
ito

l d
eh

yd
ro

ge
na

se
D

ow
n

D
ow

n

13
73

33
7

A
I4

12
06

5
A

A
89

27
99

, A
A

89
27

99
, A

A
89

27
99

G
ly

ox
yl

at
e 

re
du

ct
as

e/
hy

dr
ox

yp
yr

uv
at

e 
re

du
ct

as
e

D
ow

n
D

ow
n

13
70

87
0,

 1
37

00
67

N
M

_0
12

60
0

A
I1

71
50

6,
 M

26
59

4,
 A

I1
71

50
6,

 A
I0

08
02

0
M

e1
M

al
ic

 e
nz

ym
e 

1 
(c

yt
os

ol
ic

)
D

ow
n

D
ow

n

13
69

95
4

N
M

_0
31

51
0

A
A

89
23

14
ID

H
1

Is
oc

itr
at

e 
de

hy
dr

og
en

as
e 

1,
 s

ol
ub

le
D

ow
n

D
ow

n

13
70

72
5,

 1
38

69
44

N
M

_0
13

09
8

L
37

33
3

G
6p

c
G

lu
co

se
-6

-p
ho

sp
ha

ta
se

, c
at

al
yt

ic
D

ow
n

D
ow

n/
up

13
87

31
2

N
M

_0
12

56
5

X
53

58
8

G
ck

G
lu

co
ki

na
se

D
ow

n/
up

D
ow

n/
up

Pr
ob

e 
se

ts
 r

eg
ul

at
ed

 b
y 

M
PL

 in
 r

at
 li

ve
r 

af
te

r 
bo

th
 a

cu
te

 a
nd

 c
hr

on
ic

 d
ru

g 
ad

m
in

is
tr

at
io

n 
an

d 
ca

te
go

ri
ze

d 
as

 r
el

at
in

g 
to

 c
ar

bo
hy

dr
at

e 
m

et
ab

ol
is

m
. A

ff
ym

et
ri

x 
23

0A
 a

rr
ay

s 
us

e 
a 

pr
ob

e 
se

t n
um

be
r 

di
st

in
ct

fr
om

 G
en

B
an

k 
ac

ce
ss

io
n 

nu
m

be
rs

, w
he

re
as

 U
34

A
 c

hi
ps

 u
se

 a
 c

om
m

on
 p

ro
be

 s
et

/G
en

B
an

k 
ac

ce
ss

io
n 

nu
m

be
r 

fo
r 

id
en

tif
ic

at
io

n.

Endocrinology. Author manuscript; available in PMC 2014 October 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Almon et al. Page 44

T
A

B
L

E
 1

2

O
th

er
 M

PL
-r

eg
ul

at
ed

 p
ro

be
 s

et
s

23
0A

 p
ro

be
 s

et
23

0A
 a

cc
es

si
on

U
34

A
 p

ro
be

 s
et

/a
cc

es
si

on
Sy

m
bo

l
Id

en
ti

fi
ca

ti
on

R
es

po
ns

e

A
cu

te
C

hr
on

ic

13
98

78
4

N
M

_0
19

25
9

A
I1

78
13

5
C

1q
bp

C
1q

 b
in

di
ng

, i
nh

ib
its

 C
1 

ac
tiv

at
io

n
U

p
U

p

13
67

79
4

N
M

_0
12

48
8

A
A

90
05

82
, M

22
67

0,
 M

22
67

0,
 A

I1
13

04
6

A
2m

α
2-

M
ac

ro
gl

ob
ul

in
U

p
U

p

13
67

80
1

N
M

_0
53

59
6

D
29

68
3,

 A
A

95
69

30
E

ce
1

E
nd

ot
he

lin
 c

on
ve

rt
in

g 
en

zy
m

e 
1

U
p

U
p

13
69

06
5

N
M

_0
17

29
0

J0
40

24
A

tp
2a

2,
 S

er
ca

2
A

T
Pa

se
, C

a2+
 tr

an
sp

or
tin

g
U

p
U

p

13
71

34
5

A
I0

08
69

9
A

I0
73

16
4

Sc
am

p1
Se

cr
et

or
y 

ca
rr

ie
r 

m
em

br
an

e 
pr

ot
ei

n
U

p
U

p

13
69

98
2

N
M

_0
31

00
8

A
A

80
01

86
A

da
pt

or
 p

ro
te

in
 c

om
pl

ex
 A

P-
2

U
p

U
p

13
86

98
3

N
M

_0
13

16
8

X
06

82
7

PB
G

D
H

yd
ro

xy
m

et
hy

lb
ila

ne
 s

yn
th

as
e 

PB
G

D
D

ow
n/

up
U

p

13
68

22
4

N
M

_0
31

53
1

D
00

75
3

Sp
in

2c
Se

ri
ne

 p
ro

te
as

e 
in

hi
bi

to
r

D
ow

n
U

p

13
67

64
7

N
M

_0
22

51
9

X
16

27
3

Se
rp

in
a1

Se
ri

ne
 p

ro
te

as
e 

in
hi

bi
to

r 
α

1
D

ow
n

U
p

13
87

81
9

N
M

_0
12

55
2

L
00

11
7

E
la

1
E

la
st

as
e 

1,
 s

er
in

e 
pr

ot
ea

se
D

ow
n

U
p

13
71

23
7

A
F4

11
31

8
A

I1
02

56
2

M
t1

a
M

et
al

lo
th

io
ne

in
 1

D
ow

n
U

p

13
87

32
3

N
M

_0
12

72
5

M
30

28
2

K
lk

3
K

al
lik

re
in

 B
, p

la
sm

a 
1

D
ow

n
D

ow
n

13
74

52
4

B
M

38
43

84
A

A
89

30
80

Se
le

no
cy

st
ei

ne
 ly

as
e

D
ow

n
D

ow
n

13
68

32
2

N
M

_0
12

88
0

Z
24

72
1

E
C

SO
D

PT
Su

pe
ro

xi
de

 d
is

m
ut

as
e 

3 
(s

ec
re

te
d)

D
ow

n
D

ow
n

13
67

72
0

N
M

_0
12

89
9

A
A

80
07

45
A

la
d

A
m

in
ol

ev
ul

in
at

e,
 δ

- 
de

hy
dr

at
as

e
D

ow
n

D
ow

n

13
67

98
0

N
M

_0
19

12
4

D
85

84
4

R
A

B
PT

5
R

ab
ap

tin
 5

D
ow

n
D

ow
n

13
87

14
6

X
57

76
4

S6
53

55
, A

A
81

89
70

E
dn

rb
E

nd
ot

he
lin

 r
ec

ep
to

r 
ty

pe
 B

U
p/

do
w

n
D

ow
n

13
67

80
0

N
M

_0
13

15
1

M
23

69
7

Pl
at

Pl
as

m
in

og
en

 a
ct

iv
at

or
, t

is
su

e
U

p/
do

w
n

D
ow

n

13
70

08
0

N
M

_0
12

58
0

A
I1

79
61

0,
 J

02
72

2
H

m
ox

1
H

em
e 

ox
yg

en
as

e 
(d

ec
yc

lin
g)

 1
U

p
U

p/
do

w
n

Pr
ob

e 
se

ts
 r

eg
ul

at
ed

 b
y 

M
PL

 in
 r

at
 li

ve
r 

af
te

r 
bo

th
 a

cu
te

 a
nd

 c
hr

on
ic

 d
ru

g 
ad

m
in

is
tr

at
io

n 
bu

t u
nc

at
eg

or
iz

ed
. A

ff
ym

et
ri

x 
23

0A
 a

rr
ay

s 
us

e 
a 

pr
ob

e 
se

t n
um

be
r 

di
st

in
ct

 f
ro

m
 G

en
B

an
k 

ac
ce

ss
io

n 
nu

m
be

rs
,

w
he

re
as

 U
34

A
 c

hi
ps

 u
se

 a
 c

om
m

on
 p

ro
be

 s
et

/G
en

B
an

k 
ac

ce
ss

io
n 

nu
m

be
r 

fo
r 

id
en

tif
ic

at
io

n.

Endocrinology. Author manuscript; available in PMC 2014 October 02.



N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript

Almon et al. Page 45

T
A

B
L

E
 1

3

E
ST

s 
re

gu
la

te
d 

by
 M

PL

23
0A

 p
ro

be
 s

et
23

0A
 a

cc
es

si
on

U
34

A
 p

ro
be

 s
et

/a
cc

es
si

on
Sy

m
bo

l
R

es
po

ns
e

A
cu

te
C

hr
on

ic

13
94

12
7

A
A

94
38

00
A

A
89

25
41

E
ST

U
p

U
p

13
82

51
6

A
I1

70
66

0
A

A
85

97
25

E
ST

U
p

U
p

13
76

96
5

B
M

38
96

56
A

A
89

36
03

E
ST

U
p

U
p

13
67

54
3

B
G

37
74

43
A

A
89

42
34

E
ST

U
p

U
p

13
83

23
3

B
I2

89
03

2
A

A
89

17
49

E
ST

D
ow

n/
up

U
p

13
93

06
1

A
I0

30
10

3
A

A
89

17
39

E
ST

D
ow

n/
up

U
p

13
85

88
9

A
A

89
32

12
A

A
89

32
12

E
ST

D
ow

n
U

p

13
93

75
1

A
A

85
90

29
A

A
89

27
78

E
ST

D
ow

n
D

ow
n

13
72

26
1

A
I4

09
06

7
A

A
89

17
37

E
ST

D
ow

n
D

ow
n

13
73

97
0

A
I7

16
24

8
A

A
89

29
86

E
ST

D
ow

n
D

ow
n

13
89

56
1

B
E

11
06

24
A

A
89

19
50

E
ST

D
ow

n
D

ow
n

13
76

79
2

A
W

25
13

13
A

A
89

20
27

E
ST

D
ow

n
D

ow
n

13
74

47
8

A
A

81
93

29
A

A
89

28
61

E
ST

D
ow

n
D

ow
n

13
74

76
7

A
I1

05
45

0
A

A
79

93
96

(2
)

E
ST

D
ow

n
D

ow
n

13
76

09
8

B
F2

82
30

4
A

A
87

51
26

E
ST

U
p/

do
w

n
U

p/
do

w
n

Pr
ob

e 
se

ts
 r

eg
ul

at
ed

 b
y 

M
PL

 in
 r

at
 li

ve
r 

af
te

r 
bo

th
 a

cu
te

 a
nd

 c
hr

on
ic

 d
ru

g 
ad

m
in

is
tr

at
io

n 
bu

t a
t p

re
se

nt
 u

ni
de

nt
if

ie
d.

 A
ff

ym
et

ri
x 

23
0A

 a
rr

ay
s 

us
e 

a 
pr

ob
e 

se
t n

um
be

r 
di

st
in

ct
 f

ro
m

 G
en

B
an

k 
ac

ce
ss

io
n

nu
m

be
rs

, w
he

re
as

 U
34

A
 c

hi
ps

 u
se

 a
 c

om
m

on
 p

ro
be

 s
et

/G
en

B
an

k 
ac

ce
ss

io
n 

nu
m

be
r 

fo
r 

id
en

tif
ic

at
io

n.
 E

ST
, E

xp
re

ss
ed

 s
eq

ue
nc

e 
ta

g.

Endocrinology. Author manuscript; available in PMC 2014 October 02.


