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Abstract
Objective—The phenotype of the Chromogranin A(Chga) null (knockout) mouse is hypertensive.
However, hypertensive humans and spontaneously hypertensive rats display elevated CHGA
expression. This study addresses the paradox that both ablation and elevation of CHGA result in
hypertension.

Methods—Mice with varying copy-number of the CHGA gene were generated. In these mice
CHGA, catecholamine and blood pressure (BP) was measured. Also a cohort of healthy human
subjects was stratified into tertiles based on plasma CHGA expression and phenotyped for
characteristics including their BP response to environmental (cold) stress.

Results—The mice displayed a direct CHGA gene-dose (0 to 4 copies/genome) - dependent
activation of CHGA expression in both plasma and adrenal gland, yet the BP dependence of
CHGA gene dose was U-shaped: maximal at 0 and 4 copies of the gene, while minimal at 2 copies
(i.e., the wild-type gene dosage). Plasma catecholamine showed a parallel U-shaped dose/response
in mice, while adrenal epinephrine exhibited a reciprocal (inverted) U-shaped response, suggesting
dysregulated neurotransmission at both extremes of CHGA expression. The human subjects also
showed a non-linear relationship between CHGA expression and pressor responses to environmental
(cold) stress, that were maximal in the highest and lowest tertiles, though basal BPs did not differ
among the groups. The human CHGA tertiles also differed in epinephrine secretion as well as degree
of CHGA processing to catestatin (catecholamine release-inhibitory peptide derived from CHGA
processing).

Conclusions—Thus, across mammalian species, an optimal amount of CHGA may be required to
establish appropriate catecholamine storage and release, and hence BP homeostasis.
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Introduction
Chromogranin A (CHGA) is an acidic-soluble pro-hormone in secretory granules of
chromaffin cells and post-ganglionic sympathetic neurons, where it is co-stored and co-
released by exocytosis along with catecholamine [1,2]. The extensive phenotypes of Chga null
(knockout) mice indicate roles for CHGA in biogenesis of secretory granules as well as
regulation of BP [3]. In humans, CHGA expression is heritable and elevated in essential
hypertension [4,5]. Spontaneously hypertensive rats (with hereditary hypertension) also have
augmented adrenal medullary CHGA stores [6]. Thus, both elevation and diminution of CHGA
expression have been associated with hypertension. The processing of CHGA yields several
biologically active polypeptides [2] including catestatin, a nicotinic-cholinergic antagonist that
diminishes catecholamine release [7], and whose plasma concentration may be diminished in
hypertension [8]. Catestatin may also constitute as an early or “intermediate phenotype” in
assessing genetic risk for cardiovascular disease [9].

In the present study, we varied CHGA gene dosage using genetically engineered mouse models
with stable expression of CHGA over a range of 0-4 copies (per genome) of the gene. These
mice were then used to systematically study the effect of CHGA expression on BP. We then
extended our observations to human subjects stratified by degrees of circulating CHGA
expression. This study aimed to probe seemingly paradoxical earlier findings in rodents [3,6]
and humans [4,5] that: Chga-/- mice lacking CHGA are hypertensive, as are humans and
spontaneously hypertensive rats with elevated CHGA.

Methods
Mice with varying copy number of the chromogranin A gene

The BAC transgenesis protocol employed to generate the ‘humanized’ CHGA mice has been
described in detail before [3]. These 2-copy, 4-copy and 0-copy mice have the background
50% each C57BL6 and 129SvJ. The schematic in Figure 1 describes the protocol for deriving
these mice. While 0, 2 and 4-copy mice are inbred lines, 1 and 3-copy are F1 pups of specific
matings. However, in each case (inbred or F1; 0, 1, 2, 3, or 4-copy) the final genetic background
was ∼50% C57BL6 and ∼50%129SvJ. PCR analysis [3] of genomic DNA extracted from tail
snips of mice confirmed the presence of CHGA and the number of copies of Chga per diploid
genome. Mice of age 12-14 weeks were used to measure BP and catecholamines.

CHGA ELISA and immunoblotting
Sandwich ELISA between monoclonal anti-chromogranin A (mAb 5A8) antibody and rabbit
polyclonal anti-human CHGA antiserum has previously been described in detail [10]. The
rabbit polyclonal anti-CHGA was raised against recombinant human CHGA. Recombinant
human vasostatin-1 (STA-CgA1-78) was used as antigen to generate mAb 5A8, which
recognizes the epitope located within residues 53-57 and in particular Arg53, His54 and
Leu57 (likely an alpha-helix) [11]. Plasma samples of each animal were assayed in duplicate.
For immunoblots, adrenal glands were homogenized, the protein concentration was determined
using Biorad/Bradford assay reagent (Hercules, CA) and 5 μg of total protein was loaded per
well. The primary polyclonal antibody used in the immunoblot analysis was generated against
the catestatin domain of human CHGA352-372 using the vendor Strategic Biosolutions, ME.

Measurement of blood pressure in mice
BP of mice was measured using the BP-2000 Blood Pressure Analysis System (Visitech
Systems Inc., Cary, NC). The instrument employs a non-invasive tail-cuff method. Mice were
placed in individual rodent restraint holders on a pre-heated specimen platform at 38°C. BP
values were recorded 10 times in rapid succession and the results were averaged. This process
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was repeated 3–4 times daily between 10:00 and 12:00 hours, for 5 consecutive days. Over the
first week the readings were not collected, so as to allow the mice to adapt. Over the following
week, the data were analyzed. During measurements, data were continuously stored in a
notebook computer running the BP Analysis software package (Visitech Systems Inc.) via a
PCMCIA data acquisition card. Averaged readings of systolic BP (SBP) having standard
deviation of less than 10 mmHg were accepted for further analysis. Non-invasive BP
measurements in WT versus KO mice have been validated previously by intra-arterial pressure
transducers [3].

Catecholamine measurements in mice
Catecholamine was measured in plasma drawn from mice euthanized by deep anesthesia in
isoflurane (Baxter, IL) chambers, followed by cervical dislocation. Adrenals were also
collected from these animals. A volume of 300 μl plasma was supplemented with sodium meta-
bisulfite to a final concentration of 0.125 mM and 1 ng of 3,4-dihydroxybenzylamine (DHBA)
and mixed. The mixture was then added to an Eppendorf tube containing 15 mg alumina
(aluminium oxide, activity grade: super 1 Type WA-4, Sigma). The pH was raised to pH 8.6
by adding Tris-HCl buffer, pH 8.9.

Using a Tissumizer, adrenals were homogenized in 0.3 ml cold 1× phosphate buffered saline,
pH 7.4. An aliquot was assayed for protein concentration using the Biorad/Bradford
colorimetric assay. To 250 μl of the adrenal lysate, an equal volume of 0.8 N perchloric acid
was added and vortexed, whereupon and the mixture was centrifuged at 6800 × g to settle the
debris. The supernatant was supplemented sodium meta-bisulfite to a final concentration of
0.125 mM and 10 ng DHBA. The mixture was then transferred to a tube with 40 mg alumina.

Both plasma and adrenal samples were allowed to mix with alumina for 30 min, then
centrifuged (2000 × g, 5 min), the supernatant discarded and the beads washed with 1 ml water.
The wash was repeated and finally the bound catecholamine was eluted with 80 μl (plasma)
or 400 μl (adrenal) of 0.1 N HCl supplemented with 100 mM sodium metabisulfite, and injected
for analysis.

Catecholamines were measured by high performance liquid chromatography coupled to an
electrochemical detector (Waters 600E Multisolvent Delivery system and Waters 2465
Electrochemical Detector, MA). Separation was performed on an Atlantis dC18 column
(2.1×150 mm, 3 μm) from Waters. The mobile phase used was a mixture composed of
phosphate-citrate buffer (2 mM NaH2PO4, 268 μM Na2EDTA, 50 mM sodium citrate, 10 mM
diethylamine hydrochloride, 0.072% 1-octanesulfonic acid, pH 3.1 adjusted using phosphoric
acid, and 2.2% N, N-dimethylacetamide) and acetonitrile at 95:5 (v/v). A flow rate of 0.25 ml/
min was used with an isocratic mobile phase. The electrode potential was set at +0.6 V. The
data were analyzed using Empower software from Waters, and catecholamine values
normalized according to the recovery of DHBA standard.

Environmental (cold) stress test and biochemical assays in human subjects
BP responses to cold stress (immersion of one hand in ice water for one minute) were evaluated
non-invasively, with radial artery applanation tonometry (Colin Pilot; Colin Instruments, San
Antonio, TX) and thoracic EKG electrodes, as described earlier [8,12]. 497 individuals were
studied, 124 male and 373 female, each subject was self-identified as of white (European)
ancestry and 89.7% were normotensive. Subjects were derived from 228 nuclear families: 192
based on twinships (monozygotic or dizygotic), and 28 additional nuclear families with sib
ships of 3 or higher order. Ethylenediamine tetraaceticacid anticoagulated plasma was assayed
by methods established earlier for CHGB, CHGA, catestatin [13,14] and catecholamine [15].
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The glomerular filtration rate (GFR) was estimated from plasma creatinine using the NIDDK
Modification in Diet and Renal Disease (MDRD) equation [16].

Statistics
Data are presented as the mean value ± one SEM. Multiple comparisons were made using one-
or two-way ANOVA followed by Bonferroni post hoc test. Statistical significance was
concluded at p<0.05.

Results
Generating mouse models with varying copy number of the chromogranin A gene

Transgenic Chga-/- (0-copy) and humanized CHGA (2-copy) mouse models were generated
as described earlier [3]. By employing a series of matings schematized in Figure 1, additional
categories of mice with 1, 3 or 4 copies of chromogranin A were generated. In both plasma
(Figure 2) and adrenal gland (Figure 3), CHGA expression increased in proportion to
chromogranin A gene dosage. The lower molecular weight bands in the adrenal immunoblot
may represent proteolytic fragments of CHGA bearing the catestatin epitope.

The 5A8 ELISA (detecting both mouse and human CHGA, Figure 2) showed a roughly linear
increase in levels of plasma CHGA despite the 5A8 antibody's low affinity for the mouse
CHGA [10]. Thus an increase in copy number of the chromogranin A gene results in an increase
in level of CHGA expression.

Biphasic effect of chromogranin A gene dosage on BP levels and catecholamine secretion
in mice

Mice with 2 human CHGA alleles (but zero mouse Chga alleles, for a total of two alleles)
displayed normal SBP/DBP (at 104.2± 0.9/77.8±1.2 mmHg), comparable to values found in
WT mice (with 2 mouse but no human CHGA alleles), at SBP/DBP 105.3±2.6/80.5±3.8
mmHg) (Figure 4). Since CHGA exerts a powerful influence towards regulating BP [3], it was
measured in the groups of mice with zero to 4 copies of chromogranin A. Both SBP and DBP
exhibit U-shaped responses as a function of gene dosage (Figure 4). Thus CHGA's effect BP
seems to be optimal at the mid-range between lower and higher gene dosages, specifically at
the 2-copy dosage. The highest BP was observed in mice with 0-copies of the chromogranin
A gene. Mice expressing lower or higher CHGA than 2-copy mice, as in 1, 3 or 4-copy animals,
develop higher BP levels.

Since CHGA also regulates catecholamine storage and release [3], we evaluated both plasma
catecholamine concentrations and adrenal catecholamine storage in the 5 mouse groups. A
biphasic response mirroring that of BP was observed for the plasma catecholamine (Figure 5
A and B). The 0-copy mice have elevated plasma norepinephrine (NE) and epinephrine (E)
compared to 2-copy mice, while mice with 4-copies appear to have the greatest release of both
catecholamine. Mice with 2-copies of the chromogranin A gene exhibited the lowest BP and
plasma catecholamine responses.

The adrenal gland displayed a reciprocal pattern of catecholamine contents, especially for
epinephrine (Figure 5C), with the lowest levels of epinephrine observed in animals with the
highest BPs.
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Biological and physiological phenotypes in humans correlated with degree of CHGA
expression

In the human study, a carefully phenotyped cohort of 497 predominantly (∼89.7%)
normotensive individuals, was subdivided into three tertiles based on their plasma CHGA
concentration (Table 1), which spanned a range of ∼2.4-fold from the first to third tertile.

Physiologically, the 3 tertiles had similar mean basal BP values at rest (Table 1), but individuals
in the mid-tertile exhibited substantially diminished BP responses to environmental (cold)
stress, by ∼44% for SBP (p=0.023) and ∼29% for DBP (p=0.01). By contrast, the mid-CHGA-
tertile displayed elevated basal eGFR, by ∼8%.

Biochemically, as the CHGA precursor rose progressively across tertiles (p<0.001), and the
plasma concentration of catestatin also fell progressively (p<0.001), as did estimated cleavage
of CHGA to catestatin (p<0.001; Table 1, Figure 7); indeed, estimated catestatin processing
(as the ratio of catestatin: CHGA in plasma) fell by ∼61%. In the same tertile groups, plasma
epinephrine (though not norepinephrine) concentration rose by ∼41% (p=0.004). Finally,
CHGB also rose progressively across the CHGA tertile groups, by ∼16% (Table 1).

The 165 individuals in the highest CHGA tertile were older by 4-5 years than the other two
tertiles (Table 1). Since age [17]and sex [18] may influence the sympathetic responses (BP and
plasma NE) to cold stress, our ANOVA analyses in Table 1 were adjusted by age and sex, and
the effect of CHGA tertile on BP response to cold was independent of either age or sex during
such covariate adjustment. In other analyses of the 497 phenotyped individuals, age did
influence SBP (p=0.0001), DBP (p=0.005), plasma NE (p=0.026), and plasma CHGA116-439
(p=0.001), though not plasma E (p=0.075), or the SBP (p=0.209) or DBP (p=0.341) changes
in response to cold stress. Since family history (genetic risk) of hypertension may influence
the BP response to cold stress [19],we also evaluated the effect of family history on the trait
in these predominantly normotensive subjects (Figure 6), but family history did not predict
cold-induced change in either SBP (p=0.584) or DBP (p=0.574).

Discussion
Overview

In this report we find that the relationship between CHGA expression and BP is distinctly non-
linear, and even biphasic (or U-shaped), in mice with systematic variation in the copy number
(0, 1, 2, 3, or 4 copies) of CHGA alleles (Figure 4). In such mice, the expression of plasma
catecholamine (both E and NE) was also U-shaped as a function of CHGA gene dose (Figure
5), with a reciprocal pattern of adrenal epinephrine stores (in an inverted U-shape) suggesting
dysregulated storage and release of catecholamine as the underpinning of the BP trait pattern
(Figure 4). When a large, intensively phenotyped group of predominantly normotensive
humans was profiled for both CHGA expression and the BP response to environmental stress,
we also observed a U-shaped response of both SBP and DBP reactivity to increasing CHGA
expression (Figure 6). The results indicate nonlinear coupling of CHGA expression and BP
across mammalian species. Since CHGA gene expression is important for BP control in
humans, the results may have implications for cardiovascular disease.

Transgenic mice
In mice with increasing numbers of CHGA alleles (zero to 4), CHGA expression in plasma
(Figure 2) and adrenal gland (Figure 3) directly paralleled copy number, but the BP response
was decidedly non-linear and in fact U-shaped (Figure 4). The U-shaped BP response was
paralleled by plasma catecholamine (Figure 5), suggesting that elevated catecholamine
secretion underlined the increased BP at extremes of CHGA expression. A reciprocal (inverted
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U-shaped) response of adrenal epinephrine contents, the major adrenomedullary
catecholamine, suggests dysregulation of catecholamine storage and release at the extremes of
CHGA expression (Figure 5).

How might catecholamine storage and release be disturbed as CHGA expression changes?
CHGA has both intracellular/intragranular effects on catecholamine storage and release.
Within chromaffin cells, CHGA participates in the formation of catecholamine storage
vesicles; the biogenesis of such granules is impaired if CHGA expression is diminished, either
in isolated chromaffin cells when CHGA is depleted by antisense RNA [20,21] or siRNA
[18], or by targeted ablation (knockout) of the CHGA locus in vivo [3]. CHGA itself physically
interacts with catecholamine in a process driven principally by favorable enthalpy (ΔH),
resulting in not only binding of catecholamine but also aggregation/precipitation of CHGA
[22]. Chromaffin cells derived from CHGA knockout mice [23] display impaired
catecholamine accumulation within chromaffin granules, leading to diminished amine content
per granule. CHGA is also proteolytically cleaved to its catecholamine release-inhibitory
fragment catestatin [7], which blocks the physiological (nicotinic cholinergic) signal towards
catecholamine secretion.

Thus, both CHGA excess and CHGA deficiency might be predicted to augment catecholamine
release: CHGA excess can augment releasable catecholamine stores [18], while CHGA
deficiency results in unstable storage [3,23] as well as exaggerated release in the face of
catestatin deficiency [7]. CHGA seems to play a major role in the process of both transmitter
storage and release from chromaffin granules. The cargo capacity of catecholamine in
chromaffin vesicles and their exocytotic release is impaired in the absence of CHGA in
Chga-/- mice [23]. In the case of increased CHGA expression (Table 1 and Figure 6, right
panels), elevated CHGA may augment adrenal chromaffin granule catecholamine storage,
while the reciprocal defect in catestatin formation (Figure 7) may unleash epinephrine
secretion, a prediction consistent with elevation of plasma epinephrine in the higher CHGA
tertiles (Table 1). By contrast, circulating NE is predominantly derived from storage vesicles
in post-ganglionic sympathetic axons; while Large Dense core Vesicles (LDVs) do contain
both norepinephrine and CHGA in such cells, CHGA is a relatively minor component of LDVs
[24], and Smaller Dense core Vesicles (SDVs, which do not contain soluble core peptides such
as chromogranins) play a more prominent role in catecholamine storage and release.

Human “intermediate phenotypes”
In predominantly normotensive humans, although basal BP did not differ across 3 tertiles of
CHGA expression, the BP response to environmental (cold) stress, an “intermediate
phenotype” for the later development of established hypertension [25-27] was exaggerated in
individuals in the lowest and highest tertiles of CHGA expression (Table 1, Figure 6).

“Intermediate traits” [25-27] have been employed in the study of complex disease traits such
as essential hypertension, a disease state with contributions from both genes and environment;
late penetrance; and genetic heterogeneity [26,28]. Two such “intermediate traits” include the
hemodynamic response to environmental (cold) stress [29-31] and the circulating
concentration of catestatin [9]. Plasma CHGA is elevated and its processing to catestatin
reduced in essential hypertension [32]. In this study both the precursor CHGA and catestatin
levels were estimated in plasma of human subjects as previously described by Stridsberg
[14], showing an inverse relationship. Tertile-III, with the greatest CHGA expression but least
catestatin processing (Table 1,Figure 7), also displayed the highest plasma epinephrine
concentration; thus augmented catecholamine release may underlie the elevated stress BP
response in this group (Figure 6). Tertile-I, with the lowest CHGA expression but highest
processing to catestatin, does not display a catecholamine excess phenotype at baseline; the
exaggerated pressor response in this group might represent catecholamine excess exclusively
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during stress-stimulated release, or there may be another pressor mechanism not yet well
defined in this group. Although we did not observe an elevation in BP across the CHGA tertiles
(Table 1), these 497 phenotyped subjects are predominantly (∼89.3%) normotensive; when we
evaluate subjects with established hypertension, we typically observe elevations of both CHGA
and catecholamine secretion [18,33].

The blood pressure response to cold stress (cold pressor test, or CPT) is predictive of future
changes in basal blood pressure and hence development of hypertension [29-31]. While we
did not evaluate additional neurohumoral responses to such stress in the current study,
previously we noted that cold stress-induced increments in SBP and DBP are associated with
a coordinate elevation in systemic vascular resistance [8], as well as elevations in plasma
norepinephrine [17].

Mechanistic implications for hypertension
This study yields insight into earlier observations that both increased CHGA expression, as
previously observed in humans [18,34] and rats [35] and CHGA absence in mice [3] are
associated with BP elevation.

Might extremes of catestatin itself be involved in generating the elevated human pressor
responses at both ends of the CHGA expression spectrum (Tertiles I and III; Table 1, Figure
6)? As CHGA expression increases, its degree of conversion to catestatin decreases (Table 1,
Figure 7). In Tertile-III with the lowest catestatin coupled with highest epinephrine, unleashed
catecholamine secretion in the face of diminished catestatin constitutes a plausible mechanism
for the enhanced pressor response. However, catestatin also acts to blunt nicotinic cholinergic
receptor desensitization [36], and the relative excess of catestatin in Tertile-I could thus result
in augmentation of pressor responses in a setting of prolonged or repeated exposure to agonist.
In addition, catestatin seems to exert central effects upon autonomic tone that may enhance
rather than diminish sympathetic outflow [37]. Other biological responses, such as the
antihypertensive effect of the alpha-2-adrenergic agonist clonidine [38], anti-tumor activity of
endostatin [39,40], or inhibition of angiogenesis by IFN-α [41] exhibit U-shaped dose/response
curves.

Conclusions and perspectives
A biphasic relationship between BP and CHGA expression seems to occur across mammalian
species, in both experimental (Figure 4) and clinical (Figure 6) settings. The phenomenon may
suggest alternative mechanisms of regulating BP, and may provide a window into interpretation
of seemingly irreconcilable previous observations in human and rodents [3-5].
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Abbreviations

CHGA Chromogranin A protein

BP Blood pressure

CHGA Human Chromogranin A gene

Chga Mouse Chromogranin A gene

KO Chromogranin A null or knockout mice

CHGA+/+Chga-/- “humanizedCHGA” mice
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Figure 1. Schematic for generating mice with varied copy numbers of chromogranin A gene
The transgenic founder has a single copy of the human CHGA BAC clone RP11862G15 stably
integrated in its genome. The “humanized” CHGA (HumCHGA) line, was derived by mating
a (symbolized as X) transgenic founder with Chga knockout (KO) as described earlier [3].
They have 2-copies of the human CHGA gene and lack the mouse allele. Similarly, the founder
was mated with wild-type (WT, Chga+/+) mice to generate 4-copy chromogranin A mice (2
alleles each, of human and mouse). The F1 pups of the mating between 4-copy mice with 2-
copy HumCHGA mice generated the 3-copy mice. Also the F1 pups of mating between 2-copy
HumCHGA and KO mice produced the 1-copy CHGA mice (1 human copy). The mice with
0, 1, 2, 3 or 4 copies of chromogranin A gene used in subsequent experiments have been
highlighted in bold.
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Figure 2. ELISA assaying CHGA levels in plasma of mice with varying copies of the chromogranin
A gene
The capturing mouse monoclonal antibody 5A8, raised against the amino-terminal region of
human CHGA, differs in its affinity for both mouse and human CHGAs, with a stronger affinity
for the latter [10]. 5A8 binds to the epitope in the CHGA53-57 region. Therefore full-length
and fragments of CHGA with the epitope are detected by the assay. Both mouse (Mou) and/
or human (Hum) alleles contribute towards the total number of chromogranin A alleles. Plasma
from each group of mice (n = 8) was assayed. Increasing levels of circulating CHGA with
boost in copy number is observed.
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Figure 3. Expression of chromogranin A in adrenal glands
A. Immunoblot demonstrating that an increase in copy number of chromogranin A alleles
augments expression of CHGA protein in the adrenal gland. The primary antibody is rabbit
polyclonal raised against human catestatin (human CHGA352-372). A total of 5 μg adrenal
protein was loaded per lane. The antibody detects the full length and the processed fragments
of CHGA and cross-reacts with mouse and human.
B. Densitometric scan of the same immunoblot, normalized to actin levels.
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Figure 4. Biphasic effect of chromogranin A gene dosage on blood pressure
Mice with 2 copies of human CHGA display normal BP (104.5/77.8 mm Hg). Both an increase
and decrease in gene dosage of chromogranin A results in BP amplification ranging between
∼15 to 33 mmHg (systolic) and ∼17 to 31 mmHg (diastolic). The BP was recorded by tail-cuff
measurements in n = 86, 18, 85, 28 and 28 mice of the groups 0, 1, 2, 3 and 4-copy, respectively.
The age of the mice is 12-14 weeks. Comparing 2-copy (*) mice vs. each of the other groups
(◆) p <0.0001, and vs. (:) p=0.0008 by student t-test analysis.
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Figure 5. Catecholamine response to chromogranin A gene dosage. A, B & C
Group 0, 1, 2, 3 and 4 copy mice: n = 5, 7, 8, 8 and 8 of age 12 weeks were used for the
experiment.
A. & B. Copy number of chromogranin A gene significantly elevates both plasma NE and E
in 0, 1 and 4-copy mice (◆) compared to 2-copy mice (*). The student t-test analysis of NE
levels, 2-copy vs. 0-copy p = 0.001, 2-copy vs. 1-copy p = 0.03, 2-copy vs. 3-copy p = .91, 2-
copy vs. 4-copy p < .0001. Circulating E concentration 2-copy vs. 0-copy p = .0007, 2-copy
vs. 1-copy p = 0.04, 2-copy vs. 3-copy p = 0.06, 2-copy vs. 4-copy p = 0.0005. C. Adrenals of
2-copy mice express the highest levels of E. Comparatively, 0 and 4-copy mice show depressed
levels of E. 2-copy vs. 0-copy p = 0.006, 2-copy vs. 1-copy 0.03, 2 vs. 3-copy p = 0.014, 2-
copy vs. 4-copy p=0.019. The NE levels do not vary significantly with chromogranin A gene
dosage.
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Figure 6. Environmental (cold) stress test BP responses in individuals with varying plasma CHGA
The change in BP was measured in individuals belonging to the 3 tertiles upon being subjected
to systematic cold stress. The cold stress final SBP and DBP values were significantly higher
in all three groups compared to basal level. However the tertile (II) had the smallest change in
BP compared to both tertiles I and III, indicating that this group of individuals, has the least
efferent sympathetic outflow. This biphasic response to CHGA protein dosage in humans
mimics the BP response to chromogranin A gene dosage in mice.
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Figure 7. Chromogranin A levels in plasma of human subjects
The plasma CHGA precursor was accessed using radioimmunoassay based on the large
fragment CHGA116-439. Processing to the catestatin fragment (human CHGA352-372) was
assayed by a synthetic peptide epitope corresponding to CHGA amino acids 361-372.
A. A linear increase in the precursor CHGA116-439 is seen in the 3 tertiles as expected based
on the stratification.
B. Catestatin, the nicotinic-cholinergic antagonist peptide derived by processing full-length
CHGA was assayed in the plasma of these individuals, surprisingly the least catestatin is
observed in tertile III individuals that have the most precursor.
C. Ratio of catestatin: full-length CHGA again indicates least efficient processing of CHGA
to catestatin in tertile III individuals.
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