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ABBREVIATIONS HIGHLIGHTS

AND ACRONYMS
o Extensive LA fibrosis is related to an increase in LA size and decrease in total LA EF. This supports the contention

EF = ejection fraction that the LA is not merely a bystander of MR but rather is actively involved in the pathophysiology of MR.
LA = left atrial o Chymase is plentiful in the human heart, especially in the LA, and correlates with extracellular matrix

LA EF = left atrial emptying accumulation in primary MR.

fraction e Because of the unreliability of the LV ejection fraction in primary MR, future studies may consider LA size and
LV = left ventricle total LA EF for timing of surgical intervention of asymptomatic moderate to severe MR.

MR = mitral regurgitation
MV = mitral valve

RA = right atrial SUMMARY

TEM = transmission electron

microscopy Increasing left atrial (LA) size predicts outcomes in patients with isolated mitral regurgitation (MR). Chymase is
TGF = transforming growth plentiful in the human heart and affects extracellular matrix remodeling. Chymase activation correlates to LA
factor

fibrosis, LA enlargement, and a decreased total LA emptying fraction in addition to having a potential intracellular
role in mediating myofibrillar breakdown in LA myocytes. Because of the unreliability of the left ventricular
ejection fraction in predicting outcomes in MR, LA size and the total LA emptying fraction may be more
suitable indicators for timing of surgical intervention. (J Am Coll Cardiol Basic Trans Science 2020;5:109-22)
Published by Elsevier on behalf of the American College of Cardiology Foundation. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

here is an unexpected decrease in left ven- Total LA EF and LA minimum volume have been

tricular (LV) ejection fraction of <50% in shown to correlate with LV end-diastolic pressure ob-

20% of patients with primary degenerative tained at cardiac catheterization (10).
mitral regurgitation (MR) after mitral valve (MV) sur-
gery, despite having a presurgical LV ejection fraction
of 65% and LV end-systolic dimension <4.0 cm (1-3). We reported increased chymase activity in the LA
Left atrial (LA) size is associated with a poor prog- of patients who underwent the MAZE procedure
nosis, despite LV ejection fractions of >60% (4,5). A  (Surgical procedure creating a pattern or “maze” of
number of studies have identified extensive LA myol-  scar tissue in the atria to treat atrial fibrillation.) for

SEE PAGE 123

ysis, mitochondrial damage, and interstitial fibrosisin  atrial fibrillation (11). Chymase is an abundant protein
patients with degenerative MR (6-9). However, these in the human heart with highly efficient angiotensin
ultrastructural changes are not connected to LA vol- II-forming activity (12). The proteolytic actions of
umes or to the LA total emptying fraction (LA EF). chymase include activation of transforming growth
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factor (TGF)-p and conversion of prepro endothelin 1
to endothelin 1, which results in increased extracel-
lular matrix production (12). Chymase also degrades
fibronectin, which leads to cell apoptosis and acti-
vates matrix metalloproteinases, multiple cytokines,
and stem cell factor that mediates inflammatory cell
infiltration (12). In addition to these extracellular ac-
tions, there is emerging evidence of chymase within
cardiomyocytes, which raises the possibility of
intracellular protease targets (13,14).

In the present investigation of patients with iso-
lated MR, we demonstrated a marked increase in LA
tissue chymotryptic-like activity and extensive
fibrosis, as well as chymase within LA myocytes in
association with intracellular chymotryptic activity
and myosin breakdown. Furthermore, LA chymase
activity was related to LA fibrosis and to the severity
of LA dysfunction obtained by serial short-axis car-
diac magnetic resonance imaging that covered the
ventricles and atria for LA volume calculations that
were independent of geometric assumptions.

METHODS

PATIENTS. The study protocol was approved by the
University of Alabama at Birmingham Institutional
Review Board, and informed consent was obtained
from 20 patients with isolated MR secondary to
degenerative MV disease (Supplemental Table 1) and 11
control subjects. Control subjects did not have a his-
tory of cardiovascular disease and smoking and were
not taking any cardiovascular medication. Severe MR
was documented on echocardiography and/or Doppler
studies in all cases. Exclusion criteria were previous
myocardial infarction, infectious or inflammatory
disease, autoimmune disease, malignancy, chronic
renal failure (serum creatinine >2.5 mg/dl), acute or
chronic viral hepatitis, or use of immunosuppressive
drugs. All patients had cardiac catheterization before
surgery. Patients with obstructive coronary artery
disease (>50% stenosis), aortic valve disease, or
concomitant mitral stenosis were excluded. All pa-
tients had a degenerative MV, manifested by thick-
ening and prolapse of the MV on echocardiography,
and Carpentier II MV disease documented at surgery.
Biopsy tissue was taken from the LA between the right
superior and inferior pulmonary veins, a right atrial
(RA) sample was taken from the RA appendage, and LV
tissue was taken from the posterior endocardial wall.

NONFAILING HEART SAMPLES. Human samples of
the RA, LA, and LV were obtained from the Duke
Heart Repository under their approved Duke bio-
repository institutional review board protocol from
donors confirmed brain dead and who had had a LV
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ejection fraction >50% (Supplemental Table 2). When
procuring an organ for transplantation, donor speci-
mens were removed and arrested from the donor and
flushed with cold cardioplegic solution, which pre-
served the organ during transport. Tissue was
collected from hospitals in North Carolina to mini-
mize transport time to the Duke University Medical
Center. Upon arrival, specimens were immediately
sectioned and frozen in liquid nitrogen.

CARDIAC MAGNETIC RESONANCE IMAGING. Pa-
tients underwent cardiac magnetic resonance imag-
ing within 1 month before MV surgery on a 1.5-T
scanner (Signa, GE, Milwaukee, Wisconsin). Normal
subjects and patients with MR were imaged with
standard cardiac cine slices in the 2- and 4-chamber
views, as well as a short-axis view that covered the
whole ventricles and atria. Parameters were set as
follows: field of view of 360 to 400 mm; 8-mm slice
thickness; no gap; and 256 x 128 matrix. In short axis
(SA) views, endocardial contours were manually
drawn at ventricular end-diastole and end-systole
continuously from the LV apex to LA apex and from
the RV apex to RA apex. Intersections of the MV and
tricuspid valve leaflets with the LV and RV walls were
manually placed in left 2-chamber and 4-chamber
views and a right 2-chamber view at end-diastole
and end-systole. All intersections and endocardial
contours were propagated to the remaining time
frames using an automated algorithm (15,16). Planes
were fit to the mitral and tricuspid annuli based on
the MV and tricuspid valve intersections and used to
determine which contour points were part of the LV
and/or RV and which contour points were part of the
LA and/or RA. Chamber volumes were computed in
each time frame by summing the volumes in each
slice defined by the endocardial contours. MR
regurgitant fraction and regurgitant volume were
derived from the difference between LV and RV
stroke volumes. No patient had significant
tricuspid regurgitation.

TRANSMISSION ELECTRON MICROSCOPY. Ten MR
biopsies were fixed in 2.5% Glutaraldehyde/Sor-
ensen’s Phosphate Buffer (Electron Microscopy Sci-
ences #15980, Hatfield, Pennsylvania) overnight at
4°C, as previously described by our laboratory (17,18).
For details, see the Supplemental Appendix.

IMMUNOHISTOCHEMISTRY. MR and nonfailing heart
specimens were immersion-fixed in 10% buffered
formalin, paraffin-embedded, sectioned (4 to 5 um),
and processed for hematoxylin and eosin and
immunohistochemistry. Sections (5 pum) were stained
using desmin (Abcam #ab15200, 1:200, Cambridge,
Massachusetts), chymase (Abcam #ab2377, 1:50), and
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FIGURE 1 Box Plots and Time—Volume Curves
120 T
— 1 ~ 80+
E100- E 60 s
E 8- . E o : s .
S $ o i L T 2
> 60 & * > H W 4 8 €
-] i c 40 ° < ;
© é 8 ES 4 *
=  4- @ 0 _ :
3 1 S| i
20 - _ 20 - -
T T T T T
MR Normal MR Normal MR Normal
140
& & 60 70
T 120 * T = T
= = 3
o
§ 100 - £ £ : * L s :
] > W 60
o 40 - * ®
[a] (72} ] 8 -
W 80- w : 2 3 s
o >
3 - T g
7 — 3 50 -
1 7 n 3
T T T = T
MR Normal MR Normal MR Normal
250 Mitral Regurgitation 250 Normal
200 200
= =
E 150 E 150
] @
E E
=2 =
o 100 o 100
- =
50 50
o 50 100 150 200 250 v} 50 100 150 200 250
% Left Ventricular Systolic Interval % Left Ventricular Systolic Interval
(A) Box plots demonstrating the significant increase in left atrial (LA) and left ventricular (LV) maximum and minimum volume and the decrease in the total LA emptying
fraction (LA EF) in patients with mitral regurgitation (MR) (n = 20) versus normal subjects (n = 11). *p < 0.001. (B) LA (red) and LV (blue) time—volume curves for the
20 patients with (MR) and 11 normal subjects. LVEDV = left ventricular end-diastolic volume; LVEF = left ventricular ejection fraction; LVESV = left ventricular end-
systolic volume.

Alexa Fluor 488- and 594-conjugated secondary
antibodies (1:700, Life Technologies, Carlsbad, Cali-
fornia) (17,18). Nuclei were labeled with 4,6-dia-
midino-2-phenylindole (DAPI) (1.5 pg/ml, Vector
Laboratories #H-1500, Burlingame, California), as
previously described by our laboratory (17,18).

TGF-B; MEASUREMENT. TGF-fB, in LA tissue lysates
was measured with the Quantikine ELISA Human

TGFB, kit (R&D Systems, Minneapolis, Minnesota).
For details, see the Supplemental Appendix.
COLLAGEN ANALYSIS. Collagen quantification was
performed on MR and nonfailing atrial, paraffin-
embedded 4-um sections stained with picric acid Sirius
red F3BA. For details, see the Supplemental Appendix.

IN SITU CHYMOTRYPTIC ACTIVITY. Intracellular
chymase activity was verified by in situ chymotryptic
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FIGURE 2 Cardiac Magnetic R e and 3D Imag
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(A) Cardiac magnetic resonance images of a normal subject (upper panels) and patient with MR (lower panels) at LV end-diastole (LVED) and end-systole (LVES). MR
LA is markedly enlarged at maximum (right) and minimum (left) volume with total LA EF of 18% and LVEF of >60%. (B) Three-dimensional images of color surface
longitudinal curvature demonstrated the global decrease in curvature and marked dilatation in the patients with MR. (C) LA EF is negatively related to increasing LA
maximum volume (C), whereas (D) LVEF does not relate to LVEDV. Abbreviations as in Figure 1.

activity as described previously by our laboratory (13).
For details, see the Supplemental Appendix.

CHYMASE mRNA PRODUCTION BY IN SITU HYBRIDIZATION.
The expression of human chymase (CMA1) mRNA was
measured by in situ hybridization as previously
described by our laboratory (13). For details, see the
Supplemental Appendix.

STATISTICAL ANALYSIS. All data are presented as
mean + SD. Goodness-of-fit tests using Kolmogorov-
Smirnov and data visualization (histogram and Q-Q
plots) were used to assess normal distribution of data
and to look for outliers. No data points were excluded

from analysis due to outlier status. Pearson

correlation analyses were performed to identify linear
associations between variables. Student’s t-test was
used for between group comparisons. Multilevel
analysis was used to analyze within-group compari-
sons of chymase activity among cardiac chambers
(RA, LA, and LV). All analyses were performed using
SAS version 9.4 (SAS Institute, Cary, North Carolina),
with a 2-sided p < 0.05 considered to be statisti-
cally significant.

RESULTS

CARDIAC MAGNETIC RESONANCE IMAGING.
Supplemental Table 1 lists the demographic data on
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FIGURE 3 TEM of LA of 3 Patients With MR

Transmission electron microscopy (TEM) of LA of 3 patients with MR demonstrates extensive myofibrillar breakdown with distortion of the z-disc and
sarcomere, as well as collections of many small, disorganized, and multiple shaped mitochondria with sparsely packed cristae, extensive nonmembrane-
bound vacuoles (v), lipid droplets (LD), lipofuscin (black arrows) and glycogen accumulation (red arrows). Patient #10 is a 50-year-old white male, with a
LA maximum volume (MV) if 280 ml. His LA EF of 27% has multiple areas of myofibrillar loss that at a higher magnification (square) show the
replacement by glycogen accumulation (dark black dots), empty vacuoles, and clusters of mitochondria with either dissolved or broken cristae. Patient
#15 is a 59-year-old white male, with a LAMV of 71 mL. His LA EF of 50% also demonstrates large accumulations of glycogen and variably sized
mitochondria that replace areas of myofibrillar loss. Patient #19 is a 59-year-old black male, with a LAMV of 88 ml. His LA EF of 40% has multiple areas of
sarcomere stretch and contraction (box) with distorted z-discs and lipid droplets (LD), and electron dense particles of lipofuscin-containing lipid droplets
(arrows). Abbreviations as Figure 1.
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20 patients with MR, and Supplemental Table 2 lists
the underlying cardiac conditions in the control sub-
jects with nonfailing hearts. Supplemental Table 3
presents the MR regurgitant volume (median 54 ml)
and regurgitant fraction (median 44%), both of which
were consistent with severe MR. Figure 1A demon-
strates a nearly 2-fold increase in MR LV end-diastolic
volume; however, LV ejection fraction did not differ
from the age-matched normal subjects. In contrast,
LA maximum and minimum volumes were increased
2- and 3-fold, respectively, and total LA EF was
decreased below that in age-matched normal subjects
(Figure 1A, right panel). The simultaneous LA and LV
time—volume curves showed that LA maximum vol-
ume surpassed LV end-systolic volume in the patients
with MR. This, coupled with the decrease in LA EF,
indicated a loss of pre-load reserve in MR (Figure 1A)
that was not evident in the LV due to ejection into the
low-pressure LA (Figure 1B). Figure 2A demonstrates
the marked increase in global LA size and the LA
appendage in a 2-chamber view. The accompanying
surface 3-dimensional curvature display demon-
strates the marked distortion of LA geometry with
severe MR (Figure 2B). In addition, LV function was
well preserved despite the change to a more spherical
geometry of the apex, as previously described in pa-
tients with isolated MR (16). Total LA EF was nega-
tively related to increasing LA maximum volume
(Figure 2C), whereas LV ejection fraction had no
relation to LV end-diastolic volume (Figure 2D). In
contrast, RA and RV volumes and RVEF did
not differ from age-matched normal subjects
(Supplemental Figure 1).

TRANSMISSION ELECTRON MICROSCOPY MYOCAR-
DIAL ULTRASTRUCTURE. Ten of the 20 patients who
underwent cardiac magnetic resonance imaging had
transmission electron microscopy (TEM) analysis.
Figure 3 demonstrates representative examples of 3
patients with total LA EF ranging from 27% to 50%. In
all 10 patients, LA myocytes demonstrated similar
ultrastructural changes marked by mitochondrial
disarray, blurring, or thickening of the z disc, as well
as extensive areas of myofibrillar breakdown. Multi-
ple areas of sarcomere breakdown were replaced by
numerous nonmembrane-bound vacuoles (Figure 3,
right panel; Patient #15) in juxtaposition to clusters of
small round mitochondria with sparse disorganized
cristae (Figure 3, right panel; Patient #10). There was
extensive disruption of a mitochondrial linear regis-
try that should normally be in close proximity to
myofibrils and straddled 1 sarcomere in all 3 patients.
In addition, glycogen accumulation and lipid droplets
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(Figure 3, right panel; Patient #19) spanned the peri-
nuclear, interfibrillar, and subsarcolemmal areas of
the LA myocyte. In these representative patients,
clusters of mitochondria and glycogen accumulation
(Figure 3, red arrows; Patients # 10 and 15) filled
areas of myofibrillar breakdown in peri-nuclear,
interfibrillar, and subsarcolemmal areas.

MYOFIBRILLAR AND DESMIN BREAKDOWN IN LA
AND LV CARDIOMYOCYTES. LAs of Patients #’s 7, 3,
and 19 had extensive atrial myolysis demonstrated
by large empty spaces that indicated myofibrillar
fragmentation on hematoxylin and eosin (Figure 4).
Figure 4 (lower right panel) demonstrates myosin
Western blot with myosin fragmentation in the LA
and LV but not the RAs of Patient # 6 and 8. These
hematoxylin and eosin examples further supported
the global myofibrillar degeneration in LA myocytes
evident in the TEM images in Figure 3.

CHYMASE ACTIVITY IN RA, LA AND LV. LA chymo-
tryptic activity was 6-fold higher than RA and LV
chymotryptic activity in MR hearts (Figure 5A). In 11
MR LA biopsies, chymotryptic activity correlated with
TGF-B; protein levels (Figure 5B). LA chymotryptic
activity and TGF-B, levels were negatively related to
total LA EF (Figures 5C and 5E) and positively related
to LA minimum volume (Figures 5D and 5F).

FIBROSIS IN MR LA. There was extensive LA fibrosis
in patients with MR. Compared with a nonfailing LA
(Figure 6A), MR LA immunohistochemistry demon-
strated desmin breakdown and had a marked
amount of chymase in the interstitium adjacent to a
mast cell (Figure 6B), as further identified by Giemsa
staining in mast cell granules (Figure 6C). There was
extensive replacement fibrosis in the MR LA, as
demonstrated in the trichome image (Figure 6D),
and an increase in volume percent collagen quan-
titated with picric acid Sirius red collagen analysis
(8.84 + 3.9 vs. 4.71 + 0.8; p = 0.001) (Figure 6E).
The amount of collagen negatively correlated with
the decrease in total LA EF (Figure 6F).

CHYMASE WITHIN LA MYOCYTES. Figure 7 demon-
strates chymotryptic-like activity within car-
diomyocytes and mast cell (MC) by in situ assay
analysis (deep blue color, Figures 7A and 7C). In the
adjacent cardiomyocytes, there was evidence of
chymotryptic activity identified by blue staining in
the cross section (Figure 7A) and by blue dots, largely
seen between z discs associated with the myofibrils
(Figure 7C). The increased chymotryptic activity was
prevented by pre-treatment with the specific chymase
inhibitor, TEI-F0086 (Figures 7B and 7D), especially in
the chymase-laden mast cells in Figures 7A and 7B,

15


https://doi.org/10.1016/j.jacbts.2019.11.006
https://doi.org/10.1016/j.jacbts.2019.11.006
https://doi.org/10.1016/j.jacbts.2019.11.006

e

Butts et al.

LA Emptying Fraction and Chymase Activation in MR

JACC: BASIC TO TRANSLATIONAL SCIENCE VOL. 5, NO. 2, 2020
FEBRUARY 2020:109-22

FIGURE 4 Hematoxylin & Eosin Staining in LAs of Patients #'s #7, #3, and #19
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There is extensive atrial myolysis demonstrated by large empty spaces and myofibrillar fragmentation. Patient #7 is a 52-year-old white male, with a LAMV of 112 ml
and a LA EF of 25%. Patient #3 is a 60-year-old white male, with a LAMV of 88 ml and LA EF of 50%. Patient #19 is a 59-year-old black male, with a LAMV of 88 ml

and a LA EF of 40%. Lower right panel demonstrates Western blot of myosin fragmentation in LA and LV but not the right atrium (RA) of Patients # 6 and 8 with MR.
*p < 0.05 versus RA. Abbreviations as in Figures 1 and 3.

which indicated the specificity of the stain for chy-
mase. Immunohistochemistry (Figure 7E) of MR LA
demonstrated chymase (Figure 7E, red) within LA
myocytes in the peri-nuclear areas (Figure 7E, arrows)
and in sarcomeres in areas of desmin breakdown
(Figure 7E, arrowhead). TEM immunogold images
(40,000x; Figure 7F) demonstrated chymase
(Figure 7F, black dots) associated with myofibrillar
breakdown (Figure 7F, arrowheads) and mitochondria.
In situ hybridization demonstrated that chymase
mRNA was largely present in endothelial cells, and in
interstitial cells that were most likely fibroblasts, and

heavily concentrated in mast cells in human

atria (Figure 8).

DISCUSSION

New findings in the present study demonstrated that
an increase in LA volume and decrease in total LA EF
were associated with severe LA myocyte ultrastruc-
tural damage with a LV ejection fraction of >60% in
patients with isolated MR. The decline in total LA EF
was related to increasing LA volume, LA chymase
activity, and extent of LA fibrosis.
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FIGURE 5 LA Chymotryptic Activity
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(A) LA chymotryptic activity is 6-fold higher compared with both RA and LV chymotryptic activity in MR hearts. In 11 MR LA biopsies, (B) chymotryptic activity
correlates with transforming growth protein(TGF)-f; protein and (C and D) both total LA EF and LA minimum volume. (E and F) TGF-B; protein levels are negatively
related to LA EF and positively related to LA minimum volume. Abbreviations in Figures 1 and 4.
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FIGURE 6 Immunohistochemistry
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Immunohistochemistry demonstrates intact desmin (green) in (A) a nonfailing RA compared with a (B) MR LA where there is extensive desmin
breakdown and aggregation. There is increased interstitial space in the MR LA in which there are mast cells laden with chymase (pink) and
chymase within cardiomyocytes. (C) Giemsa stain shows mast cells (dark purple) in the interstitial space with chymase granules (purple) in the
interstitium of extensive collagen surrounding the atrial myocardium (red). (D) There is extensive LA fibrosis (blue) by trichrome stain
corresponding to the empty spaces in (B and C) populated by chymase and mast cell granules. (E) There is increased LA collagen by picric
acid Sirius red staining and (F) increased collagen relates to a decrease total LA EF. *p < 0.001. Abbreviations as Figures 1 and 4.

The marked fibrosis and ultrastructural damage in
the LA provided further insight into our previous
report of LA remodeling and dysfunction in patients
with MR after MV repair (19). One-year post-surgery,

despite a decrease in LA maximum and minimum
volumes (20), there was a significant decrease in
multiple diastolic variables below normal, including
total LA EF. In the present study, a similar group of
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FIGURE 7 Chymotryptic Activity Within Cardiomyocytes and Mast Cells

(A and C) Chymotryptic activity within cardiomyocytes and mast cells (M) (deep blue color) with chymotryptic activity in adjacent LA
myocytes identified by blue staining in the (A) cross section and by (C) blue dots largely between z discs associated with the myofibrils.
(B and D) The increased chymotryptic activity is prevented by pre-treatment with a specific chymase inhibitor, especially in the chymase-laden
mast cell in (B). (E) Immunohistochemistry of MR LA demonstrating chymase (red) within LA myocyte in the peri-nuclear areas (arrows) and
sarcomeres in areas of desmin breakdown (arrowhead). (F) TEM immunogold image (40,000x demonstrating chymase (black dots)
associated with myofibrillar breakdown (arrows) and mitochondria (m). Abbreviations as in Figures 1 and 3.

patients with LV ejection fractions >60% had exten-
sive replacement fibrosis and LA myolysis. Total LA
EF declined with a progressive increase in LA volume
and fibrosis. The decrease in total LA EF with
increasing LA maximum volume indicated a loss of
pre-load reserve with increasing LA volume, as

previously reported in a large cohort of patients who
progressed from mild to moderate to severe MR (19).

LA chymase activity correlated with TGF-f protein
content, and both chymase and TGF-J correlated with
the increase in minimum LA volume and decline in
total LA EF. The long-term effect of chymase-

19
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FIGURE 8 In Situ Hybridization With Chymase mRNA Antisense in MR
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(A to C) In situ hybridization with chymase mRNA antisense in MR atria demonstrating chymase mRNA in endothelial cells (EC) lining a blood
vessel and interstitial cells (most likely fibroblasts [FB]) and cells with granules consistent with mast cells (MC). There is a limited amount of

mediated angiotensin II formation and activation of
TGF-B could mediate the myocyte cell necrosis and
the extensive replacement fibrosis noted in the MR
LA. Furthermore, there was a large presence of chy-
mase in the LA interstitium produced by mast cells
and interstitial cells (most likely fibroblasts), as well
as endothelial cells, which reinforced the extensive
presence of chymase in the extent of LA fibrosis. In a
dog model of isolated MR (21), LA interstitial fibrosis
occurred within several weeks of MR induction, and
paralleled increased vulnerability to atrial fibrillation.
It is tempting to speculate that the greater amount of
chymase activity in the thin-walled human LA, in
addition to excessive stretch of MR, might make it
especially prone to acute injury and subsequent
fibrosis, atrial fibrillation, and a decline in the total LA
EF.

Another cause for the decline in LA function was
the marked amount of myofibrillar degeneration by
TEM and atrial myolysis by hematoxylin and eosin
and Western blot. In addition to the extracellular
location of chymase, we reported chymase within
cardiomyocytes of rats with volume overload of
the aorto-caval fistula (13) and in dogs with

ischemia-reperfusion injury (14). We showed a
similar presence of chymase within LA myocytes by
TEM immunogold that was functionally verified by in
situ chymotryptic activity within the MR LA myo-
cytes. Chymase uptake in adult rat cardiomyocytes
causes myosin breakdown that is attenuated by a
dynamin inhibitor that prevents chymase uptake (14).

Long-term treatment with an oral chymase inhibi-
tor preserved desmin and myosin architecture and
cardiomyocyte function in dogs with experimentally
induced MR (22). In a subsequent analysis of these
same dogs, chymase inhibition decreased LA fibro-
fatty infiltration, preserved myocyte architecture,
and significantly increased atrial booster pump
function (Supplemental Figure 2). In this pre-clinical
study, dogs had only the alpha isoform of chymase
that was most similar to humans, whereas rodents
had both alpha and multiple beta isoforms that
degraded rather than formed angiotensin II.

Taken together with the results of in situ hybridi-
zation, these data supported the contention that the
presence and activity of chymase within car-
diomyocytes was largely due to uptake from adjacent
cells, with minimal evidence of cardiomyocyte in situ
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production of chymase mRNA. Finally, the marked
increase in LA chymase activity compared the activity
in the RA and LV was completely unexpected. This
calls for consideration of a clinically actionable
finding with regard to the pathophysiology of LA
fibrosis in MR, especially because a new type of chy-
mase inhibitor, BAY1142524, is being studied in a
phase 1II clinical trial (A Single-blind Pilot Study to
Investigate Safety and Tolerability of the Chymase
Inhibitor BAY1142524 in Clinically Stable Patients
With Left-ventricular Dysfunction [CHIARA MIA 1];
NCT02452515) to treat patients with LV dysfunction
after myocardial infarction.

Increased adrenergic drive (23-25), tumor necrosis
factor—o. (24), oxidative stress (in particular,
xanthine oxidase) (18), and activation of Matrix
metalloproteinase and calpain (6,7) have also been
reported in this multifaceted myocardial response to
isolated MR. B,-receptor blockade attenuated myofi-
brillar loss and improved cardiomyocyte shortening
and LV systolic function in the dog model of isolated
MR (26,27). B;-receptor blockade also improved LV
ejection fraction and LV diastolic function during a
2-year follow-up in patients with asymptomatic
moderate MR (28). It may be tempting to speculate
that p,-receptor blockade has a beneficial effect on
the MR LA and LV cardiomyocyte sarcomeric and
mitochondrial architecture, loss of major cytoskel-
etal intermediate filament desmin, and myofibrillar
degeneration (1,2). Nevertheless, MR is a mechanical
problem, and the timing for surgical intervention is
still in question, especially in the asymptomatic pa-
tient with moderate to severe MR and LV ejection
fraction of >60%.

Butts et al.
LA Emptying Fraction and Chymase Activation in MR

CONCLUSIONS

In the present study, extensive LA fibrosis that was
related to an increase in LA size and total LA EF
supported the contention that the thin-walled LA was
a harbinger of early LV myocardial damage. This was
also in keeping with LA size as an independent pre-
dictor of outcome in isolated MR but added an
important clinical message that the LA was not
merely a bystander of MR but rather was actively
involved in the pathophysiology of the disease (6,7).
With the unreliability of the LV ejection fraction,
future studies could consider LA size and total LA EF
for timing of surgical intervention in asymptomatic
moderate to severe MR.

ADDRESS FOR CORRESPONDENCE: Dr. Louis J. Del-
I’Italia, Birmingham VA Medical Center, 700 South
19th Street, Birmingham, Alabama 35233. E-mail:
louis.dellitalia@va.gov.

PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: LA enlargement
and a reduced emptying fraction are associated with chymase
activation and extensive LA fibrosis with LV ejection fractions
>60%.

TRANSLATIONAL OUTLOOK: Because of the unreliability of
LV ejection fractions, further studies are needed to define the
limits of LA enlargement and dysfunction for surgical timing for
MV surgery in isolated MR.
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