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Reversion of gene expression alterations in hearts
of mice with chronic chagasic cardiomyopathy
after transplantation of bone marrow cells
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Chronic chagasic cardiomyopathy is a leading cause of heart failure in Latin American countries, being associated with
intense inflammatory response and fibrosis. We have previously shown that bone marrow mononuclear cell (BMC)
transplantation improves inflammation, fibrosis and ventricular diameter in hearts of mice with chronic Chagas disease.
Here we investigated the transcriptomic recovery induced by BMC therapy by comparing the heart transcriptomes of
chagasic mice treated with BMC or saline with control animals. Out of the 9,390 unique genes quantified in all samples,
1,702 had their expression altered in chronic chagasic hearts compared to those of normal mice. Major categories of
significantly upregulated genes were related to inflammation, fibrosis and immune responses, while genes involved
in mitochondrion function were downregulated. When BMC-treated chagasic hearts were compared to infected mice,
96% of the alterations detected in infected hearts were restored to normal levels, although an additional 109 genes
were altered by treatment. Transcriptomic recovery, a new measure that considers both restorative and side effects of
treatment, was remarkably high (84%). Immunofluorescence and morphometric analyses confirmed the effects of BMC
therapy in the pattern of inflammatory-immune response and expression of adhesion molecules. In conclusion, by using
large-scale gene profiling for unbiased assessment of therapeutic efficacy we demonstrate immunomodulatory effects
of BMC therapy in chronic chagasic cardiomyopathy and identify potentially relevant factors involved in the pathogenesis

of the disease that may provide new therapeutic targets.

Introduction

The discovery of stem cells with potential therapeutic properties to
promote tissue regeneration recovery has opened new avenues for
the treatment of degenerative and traumatic disorders, including
heart failure. Patients with Chagas disease, one of the main causes
of heart failure in Latin American countries, could possibly ben-
efit from a stem cell-based therapy aiming to ameliorate the heart
function deteriorated by the chronic infection with Trypanosoma
cruzi. Currently, heart transplantation is the only efficient therapy
for chagasic patients with heart failure, a procedure limited by the
scarcity of donated organs and complications when performed in 70
cruzi-infected patients due to the risk of a resurgence of parasitemia
and tissue parasitism upon administration of immunosuppressive
drugs. Therefore, instead of replacing the hearts of chagasic heart

failure individuals, the perspective of decreasing the damage of the
heart and restoring pre-infection status with cell-based therapies
presents an attractive option that should be investigated.!

Chronic chagasic cardiomyopathy is a progressive disease charac-
terized by focal or disseminated inflammation causing myocytoly-
sis, necrosis and progressive deposition of collagen.? Transplantation
of bone marrow cells (BMC) was reported to reduce inflammation
and fibrosis in the heart. The decrease in inflammatory cells cor-
related with an increase in apoptotic cells in the inflammatory infil-
trate.’ A regression of right ventricular dilation, typically observed
in a specific chagasic mouse model, was observed in mice treated
with BMC, as detected by magnetic resonance image analysis. In
addition, administration of granulocyte-colony stimulating factor
(G-CSF), a cytokine capable of mobilizing BMCs to the periph-

eral blood, to chagasic mice caused a decrease in inflammation
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saline (C) or with BMC (D), stained with H&E (original magnification x40).

Figure 1. Transplantation of BMC decreases inflammation and fibrosis in hearts of C57BI/6 mice chronically infected with Colombian strain T. cruzi.
Mice were infected with 1,000 trypomastigote forms of Colombian strain T. cruzi. Inflammation (A) and fibrosis (B) were quantified in heart sections of
normal mice, mice 8 months after infection injected with saline (Saline) or with bone marrow cells (BMC), stained with H&E and Sirius red. Bars repre-
sent the means + SEM of 5-8 animals/group at six months after infection. *p < 0.05; ***p < 0.001. Heart sections of chagasic mice injected with

and fibrosis and improvement of cardiopulmonary function’
Alrogether, these results suggest a paracrine effect of BMC therapy,
modulating the immune response that causes tissue aggression and
fibrosis deposition in the heart.'

The identification of the mechanisms by which BMCs modu-
late the immune-inflammatory response and promote improve-
ment of cardiac damage in infected mice may contribute to the
development of more efficient therapies for chagasic patients. We
have previously shown that a number of genes related to inflam-
mation and fibrosis are altered in the hearts of chagasic mice
compared to normal controls.® In this study we have used cDNA
microarray analysis as an unbiased, high throughput approach
to evaluate the efficacy of transplantation of BMC to restore the
normal transcriptome in the myocardium of mice chronically
infected with 7. cruzi. Our results show a marked transcriptomic
recovery caused by the BMC therapy in the hearts of mice with
chronic chagasic cardiomyopathy and suggest that such an ana-
lytical approach may be useful to evaluate efficacy of other treat-
ments for various pathological conditions.

Results
Injection of BMCs in mice with chronic chagasic cardiomy-

opathy reduces inflammation and fibrosis. Mice infected with
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the Colombian strain of 7. cruzi develop a progressive myocar-
ditis accompanied by fibrosis during the chronic phase of infec-
tion. Treatment with BMCs caused a decrease in the number of
inflammatory cells (Fig. 1A) and a reduction in fibrosis (Fig. 1B)
compared to saline-treated controls. An intense multifocal
inflammatory response composed mainly by mononuclear cells,
associated with myocytolysis, was observed in sections of saline-
treated chagasic mice (Fig. 1C). Smaller and less frequent foci of
inflammatory cells were found in heart sections of chagasic mice
treated with BMCs (Fig. 1D).

Gene regulation by BMC transplantation. We compared tran-
scriptomic changes in the BMC-treated and untreated infected
mouse hearts with respect to the uninfected hearts, defining as
significantly regulated those genes whose mean expression level
changed by more than 1.5-fold and that were different at the 0.05
level of significance when the variation among the four biological
replicas was considered. Microarray results have been deposited
in www.ncbi.nlm.nih.gov/gds as GSE24088. Two months after
transplantation of BMC (at eight months after infection), 9,390
genes were quantifiable on all twelve arrays (from uninfected
controls, infected and saline-treated and BMC treated infected
hearts); of these, 480 (5.12%) were downregulated and 1,222
(13.01%) were upregulated in the infected saline-treated hearts.
GenMapp analysis was used to determine whether regulated
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genes encoding proteins performing specific functions were dif-
ferentially affected. Of the upregulated genes, most prominent
Gene Ontology (GO) terms that corresponded to these path-
ways were immune system process/immune response, chemokine
receptor binding and chemokine activity, including inflam-
matory response and chemotaxis genes Ccl12, Cel6, Ccl7, Cel8
(50-fold upregulated), Ccl9 (40-fold upregulated) and Cuxc/I.
Downregulated genes in the infected hearts were most promi-
nently associated with mitochondria (cofactor binding, TCA
cycle, glycoloysis, oxidative phsophorylation, coenzyme bio-
synthesis, oxydoreductase activity, electron transport, NADH,
RNA biosynthesis), although other affected pathways included
axon guidance receptor (Ephb3, Q8¢419), negative regulation
of BMP signaling (Hrral, Twsgl, Flt), transmembrane receptor
tyrosine kinase activity (Erbb3, Ephb3, Q8¢419), cell cycle arrest
(Ak1, Cdknlb, Cdknlc, Sesnl) and multidrug transport (Sle47a1).

In the infected hearts of mice treated with BMC, we found
that expression of 103 genes (1.21% of the quantified genes) were
upregulated compared to controls and 77 (0.91%) were down-
regulated. Most prominent categories of upregulated genes were
those associated with angiogenesis and blood vessel development
(Casp8, Coll8al, Dicerl, Myh9, Pdgfa, Tnfrsf12a, Cxcl12, Fgf8,
Serpinfl, Stabl, Btgl, Notchl) and endothelial cell development
(Vezf1), thiamin transport and folate carrier activity (Slc1942)
and vitamin biosynthesis (/zghl6p3), cyclin binding (Cdknla)
and purine catabolism (Ampd2). Downregulated gene categories
included nuclear transport (Rangrf, Aktl), cofactor metabolic
process (Aktl, Ndufsl, Ldhd, Acssl, Idh3a, Sdha, Sucla2, Suclg2,
Coq5, Coq6, Coq9)and isomerase activity (flbp10, hsd367, Fkpbl0,
Hsd3b7, Tpil), calcium ion binding (Eef2k, Fkbpl0, Frem?2) and
cell cycle arrest (AkI, Cdknlb). The remarkable restoration of the
control gene expression pattern by BMC therapy of infected mice
is summarized in Figure 2 and is quantified by the TRE score,
calculated as follows:

X, U | xp XU

454 +1166-62-46
DX UX XD XU DD DU UD UUX100%=84%
A r— -

454 +1166+62+46+39+ 0 + 1 +31

TRE =

where initials above the numbers indicate whether the genes
were down (D), up (U) or not (X) regulated in the infected and
saline-treated hearts (first letter) or BMC-treated hearts (second
letter) with respect to control hearts. Note that only 70 genes
(of 1,702) retained their up (31) or down (39) regulation in the
chagasic heart following BMC therapy and only a single gene was
switched between up and downregulated (UD).

Alterations in the expression pattern of galectin-3 and syn-
decan-4 in hearts of mice with chronic chagasic cardiomyopa-
thy after BMC transplantation. The expression of two proteins
encoded by genes upregulated by 7. cruzi infection and mod-
ulated by BMC therapy was investigated by confocal analysis.
Galectin-3 was found highly expressed in macrophages of the
inflammatory infiltrate in chagasic hearts, when compared to
non-infected controls (Figs. 3A, 4A and C). Upon BMC treat-
ment, the number of galectin-3 positive cells was significantly
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reduced in heart sections of chagasic mice (Figs. 3A and 4E).
Syndecan-4, a heparan-sulfate proteoglycan that regulates cell-
matrix interactions and is present in focal adhesions, was found
highly expressed in endothelial cells in chagasic hearts compared
to normal mice (Fig. 4B and D). Heart sections of BMC-treated
mice showed a significant reduction in the intensity of syn-
decan-4 staining and in the number of syndecan-4* blood vessels
(Figs. 3B, C and 4F). In contrast, the total number of blood ves-
sels was similar in the three groups, as indicated by staining with
antibodies against von Willebrand Factor (Fig. 3D).

Discussion

Stem cell transplantation has become an attractive therapeutic
possibility for patients with cardiac diseases, including chronic
chagasic cardiomyopathy. The demonstration that BMC trans-
plantation has beneficial effects in hearts of mice with chronic
chagasic cardiomyopathy has raised several questions and the
determination of the molecular and cellular mechanisms by
which these cells exert their action may contribute to the devel-
opment of new therapeutic strategies for chronic chagasic car-
diomyopathy based on cell transplantation and/or cell factors.
Here we performed a microarray analysis in an attempt to under-
stand some of the mechanisms involved in the activity of BMC
in the mouse model of chronic chagasic cardiomyopathy. Gene
expression analysis was carried out comparing hearts of mice
with chronic chagasic cardiomyopathy treated or not with BMC
and non-infected controls. We have found that most of the genes
altered by infection are modulated by BMC therapy, indicating a
dramatic effect of these cells in the mechanisms of pathogenesis
of the disease. The use of large-scale gene profiling for unbiased
assessment of therapeutic efficacy is thus a major contribution of
the present work to cell based therapies.

Previously we have shown that a significant number of
genes with expression altered in the heart by infection with the
Colombian 7. cruzi strain are related to inflammation and fibro-
sis.® As expected, since BMC therapy causes a significant decrease
in inflammation and fibrosis, we found that most of these upreg-
ulated genes in chronic chagasic cardiomyopathy have their
expression in the heart decreased after cell therapy.

The decrease in inflammation observed two months after BMC
therapy (at a total of eight months post-infection) was previously
associated with an increased number of apoptotic cells compared
to untreated chagasic controls.? In contrast to the high number of
inflammatory cells undergoing apoptosis during the indetermi-
nate stage,” a reduced number (about 0.5%) of cells in the inflam-
matory infiltrate were found undergoing apoptosis in hearts of
individuals with chronic chagasic cardiomyopathy.® We found
several genes related to apoptosis altered by 7. cruzi infection and
modulated by BMC therapy. Analysis such as the one used in this
study will detect global alterations in gene expression, represent-
ing all cell types present in the heart, including cardiomyocytes
and inflammatory cells. Thus, additional studies are needed to
clarify which mechanisms are involved in the prevention of apop-
tosis of inflammartory cells in chronic chagasic cardiomyopathy, as
well as those promoting apoptosis after BMC therapy.
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Figure 2. Significantly regulated genes in BMC-untreated (injected with saline) (A) and BMC-treated (B) infected hearts with respect to controls. A sub-
stantial reduction in the number of regulated genes was observed in treated hearts. Significantly regulated immune response genes in untreated
(vertical axis) and treated (horizontal axis) (C). Symbols of certain regulated genes were written close to their representative points. Note that, while
the upregulation of ifitm1 and psca was reduced by treatment, the regulation of all other immune response gene was fully recovered. However,
Ii2712a and Ifi2712b, whose expression was not significantly altered by the infection, were found as downregulated in treated hearts.

The inflammatory infiltrate present in hearts of mice with
chronic chagasic cardiomyopathy is mainly composed by mono-
nuclear cells found adhered to myofibers, many of them in
process of myocytolysis.” Macrophages are one of the main popu-
lations found in the inflammatory site, and are highly activated
by IFNvy and TNFa, two cytokines produced in the hearts of
chagasic mice.® Here we found that the expression of galectin-3
(also known as Mac-2), a member of a large family of lectins that
are highly conserved throughout animal evolution, upregulated
in chagasic mice, is modulated by BMC therapy. By immuno-
fluorescence analysis, we showed that this molecule is expressed

mainly in macrophages within the inflammatory infiltrate in the
hearts of chagasic mice. A previous study has demonstrated, in
a model of hypertrophied heart in rats, that galectin-3 was the
most overexpressed gene in failing versus functionally compen-
sated hearts.” Galectin-3 colocalized with activated myocardial
macrophages and treatment of rats with recombinant galectin-3
induced cardiac fibroblast proliferation, collagen production,
cyclin D1 expression and left ventricular dysfunction.” In addi-
tion, galectin-3 is known to play important roles in inflamma-
tory responses, including suppression of T-cell apoptosis and
its expression is induced by IFNy in macrophages found in

www.landesbioscience.com Cell Cycle 1451
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Figure 3. Quantification of galectin-3, syndecan-4 and vWF. Expression of galectin-3 (A), syndecan-4 (B and C) and vVWF (D) were quantified by im-
munohistochemistry and morphometric analysis in heart sections of normal or eight month chagasic mice that had been injected at six months after
infection with saline (Saline) or with bone marrow cells (BMC). Bars represent the means + SEM of 3 animals/group. *p < 0.05; **p < 0.01; ***p < 0.001.

inflammatory infiltrates in the heart.!®" Altogether, these data
suggest an important role of galectin-3 in the pathogenesis of
chronic chagasic cardiomyopathy, and indicate this molecule as
a target for development of new treatments for chronic chagasic
cardiomyopathy. In fact, galectin-3 production has recently been
pointed out as a novel marker of heart failure in patients.'?
Another molecule with its gene expression modulated by BMC
therapy was syndecan-4, a heparin sulfate-carrying cell surface
protein expressed by a number of different cell types, including
endothelial cells, smooth muscle cells and cardiac myocytes that
participates in processes of cell signaling, adhesion and migra-
tion.”*! Little is known about the regulation of syndecan-4,
but it has been reported to increase after various forms of tissue
injury including vascular wall injury,' or myocardial infarction."
Syndecan-4 expression has been shown to be increased with migra-
tion of blood-derived macrophages after myocardial infarction."
Zhang et al. (1999) have shown that TNFa is the principal fac-
tor produced by the ischemic myocytes responsible for induction
of endothelial cell syndecan-4 expression.” To our knowledge,
this is the first study investigating the expression of syndecan-4
in Chagas disease. The fact that TNFa levels are increased in
chronic chagasic hearts may explain the finding of enhanced
expression of syndecan-4 observed herein.® Furthermore, the
modulation of the chronic inflammatory response in chagasic
hearts induced by BMC therapy may explain the reduction of
syndecan-4 expression found in BMC-treated animals.
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A correlation between intensity of expression of syndecan-4 in
endothelial cells was found in close association with inflamma-
tory infiltrates, but this was not due to an increase in the num-
ber of vWF* blood vessels. The microarray analysis suggested an
increase in angiogenesis in hearts of chronic chagasic mice after
BMC therapy, but this was not confirmed by the immunohisto-
chemistry analysis. This apparent disparity may be explained by
the fact that the genes upregulated after BMC therapy, partici-
pate in a number of other biological processes in addition to those
related to blood vessel formation, such as apoptosis.'®'®

We previously commented on the prominent upregulation of
immune response genes in the chagasic heart and validated sub-
stantial numbers of these gene products using ELISA, real-time
PCR and confocal microscopy.® The identification of mitochon-
dria-associated genes as one of the pathways that are most down-
regulated in the infected heart is entirely consistent with reports
by Garg and others indicating that mitochondrial function is a
prominent target of infection in acute and chronic states.”?!

Gene expression profiling with microarrays has been widely
used to characterize tissue and cell responses to various stimuli,
to identify disease biomarkers and to reveal components and
interplay within and between gene regulatory networks. The
application of this unbiased high throughput method to compare
a pathological situation with changes occurring after a therapeu-
tic regimen here revealed a striking degree of recovery of control
gene expression status in infected mice treated with BMC. As
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Figure 4. Expression of galectin-3 and syndecan-4 in hearts of chronic chagasic mice treated with bone marrow cells. Heart sections of normal mice
(A and B), of mice injected with saline (C and D) or with BMC (E and F). Sections were stained (red) with anti-galectin-3 (A, C and E) or anti-syndecan-4
(B, D and F). Nuclei (blue) were stained with DAPI. Scale bars: 50 wm (original magnification x40).
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we previously showed in a study examining structural and physi-
ological parameters of hearts of chagasic mice, the BMC therapy
not only prevents further damage over time but also reverses the
damage that was present before the stem cells were injected.

In conclusion, this unbiased global gene expression analysis
indicated a potent restorative effect of BMC in the hearts of mice
with chronic chagasic cardiomyopathy, with over 90% recovery
of normal expression level of genes altered by 7. cruzi infection.
This impressive effect is most probably mediated by a paracrine
effect through the secretion of soluble mediators. From this
global expression profile identification of such factors is possible
and may lead to the association or the replacement of cell therapy
by these cellular hormones in order to achieve the desired repair
to the damaged chagasic heart.

Materials and Methods

Animals. Four week-old female and male C57Bl/6 mice were
used for 70 cruzi infection. All animals, weighing 20-23 g, were
raised and maintained at the Gongalo Moniz Research Center/
FIOCRUZ in rooms with controlled temperature (22 + 2°C)
and humidity (55 + 10%) and continuous air low. Animals were
housed in a 12 h light/12 h dark cycle (6 am—6 pm) and provided
with rodent diet and water ad libitum. Animals were handled
according to the NIH guidelines for animal experimentation. All
procedures described had prior approval from the local IACUC
(Albert Einstein College of Medicine and Fiocruz, Bahia).

Infection with Trypanosoma cruzi. Trypomastigotes of the
myotropic Colombian 7 cruzi strain were obtained from culture
supernatants of infected LCC-MK2 cells. Infection of C57Bl/6
mice was performed by intraperitoneal injection of 1,000 7. cruzi
trypomastigotes in saline. Parasitemia of infected mice was eval-
uated at various times after infection by counting the number of
trypomastigotes in peripheral blood aliquots.

Bone marrow cell (BMC) transplantation. BMCs obtained
from femurs and tibiae of C57Bl/6 mice were used in transplan-
tation experiments.*® Briefly, BMCs were purified by centrifu-
gation in Ficoll gradient at 1,000 g for 15 minutes (Histopaque
1119 and 1077, 1:1; Sigma, St. Louis, MO). After two washings
in RPMI medium (Sigma), the cells were resuspended in saline,
filtered over nylon wool and injected intravenously in chagasic
mice (3 x 10° cells/mouse) six months after infection. Non-
transplanted control mice received intravenous injections of the
same volume (200 pl) of saline.

Morphometric analysis. Groups of mice were sacrificed at
two months after BMC or saline injection (at eight months after
infection) and hearts removed and fixed in 10% buffered forma-
lin. Heart sections were analyzed by light microscopy after paraf-
fin embedding, followed by standard hematoxylin/eosin staining.
Inflammatory cells infiltrating heart tissue were counted using a
digital morphometric evaluation system. Images were digitized
using a color digital video camera adapted to a microscope. The
images were analyzed using the Image Pro Program (Media
Cybernetics, San Diego, CA), such that the inflammatory cells
were counted and integrated with respect to area. Ten fields per
section were counted in 5-10 sections per heart. The percentage
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of fibrosis was determined using Sirius red-stained heart sections
and the Image Pro Plus v.7.0 Software to integrate the areas.

Immunofluorescence. Frozen or formalin-fixed paraffin
embedded hearts were sectioned and 4 pm-thick sections were
used for detection of galectin-3 and syndecan-4 expression by
immunofluorescence. First, paraffin embedded sections were
deparaffinizated and a heat-induced antigen retrieval step in
citrate buffer (pH = 6.0) was performed. Then, sections were
incubated overnight with the following primary antibodies:
anti-galectin-3, 1:50 (Santa Cruz Biotechnology), anti-syn-
decan-4, 1:50 (Santa Cruz Biotechnology) or anti-vWF, 1:100
(Dako). On the following day, sections were incubated with
Alexa fluor 633 conjugated Phalloidin, 1:50, mixed with one
of the secondary antibodies Alexa fluor 488-conjugated anti-
goat IgG, 1:200 or Alexa fluor 488-conjugated anti-rabbit IgG,
1:200 (Molecular Probes) for 1 hour. Nuclei were stained with
4,6-diamidino-2-phenylindole (VectaShield Hard Set mount-
ing medium with DAPI H-1500; Vector Laboratories). The
presence of fluorescent cells was determined by observation on a
FluoView 1000 confocal microscope (Olympus). Approximately
10 random fields per animal were captured using a 40x objec-
tive. Morphometric analyses were performed using Image Pro
Plus v.7.0 software.

DNA microarray and data analysis. We compared RNA
samples extracted from whole hearts of 4 control, 4 chagasic
and 4 BMC-treated chagasic mice by analyzing hybridization
to MO30k microarrays printed by Duke University (www.
spotted
with 70-mer oligonucleotides (mouse Operon version 3.0).
The hybridization protocol has already been described in refer-
ence 6, the slide type and the scanner settings were uniform

ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GPL8938)

throughout the entire experiment to minimize the technical
noise. Briefly, 20 pg total RNA extracted in Trizol from each of
the twelve samples (individual hearts) was reverse transcribed
in the presence of fluorescent Alexa Fluor® 555- and Alexa
Fluor®647-aha-dUTPs (Invitrogen, Carlsbad, CA) to obtain
labeled ¢cDNA. Red and green labeled samples of biological
replicas were then co-hybridized (“multiple yellow” strategy??)
overnight at 50°C. After washing (0.1% SDS and 1% SSC)
to remove the non-hybridized cDNA, each array was scanned
at 630 V (635 nm) and 580 V (532 nm) with GenePix 4100B
scanner (Axon Instruments, Union City, CA) and images were
primarily analyzed with GenePixPro 6.0 (Molecular Devices,
Sunnyvale, CA). Microarray data were processed as described
previously in reference 6. A gene was considered as significantly
up or downregulated when comparing four hearts from one
condition to those from another if the absolute fold change was
>1.5x and the p-vlaue of the Student’s heteroscedastic t-test of
equality of the means of the distributions with a Bonferroni-
type adjustment for each redundancy group (set of spots prob-
ing the same gene) was <0.05. GenMapp? and MappFinder
(www.genmapp.org) software and associated databases were
used to identify the most affected GO (Gene Ontology) cat-
egories. In order to determine whether genes differentially
expressed in untreated and treated infected hearts with respect
to uninfected hearts were disproportionately affected in
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specific pathways, we used GenMAPP and MappFinder soft-
ware (Gladstone Institute; San Francisco: www.genmapp.org)
to provide the statistics of affected GO categories. GO sets
with fewer than 10 analyzed members were excluded from this
analysis.

The novel parameter transcriptomic recovery efficacy (TRE)
was computed as:

RE = DX+UX-XD-XU
DX+UX+XD+XU+ DD+ DU+ UD+UU

x100%

where: D, U, X indicate whether the gene was down, up or not
regulated in the saline-treated (first position) or BMC-treated
(second position) infected hearts. TRE is thus the percentage of

up and downregulated genes in infected hearts whose expression
level was restored to normal (UX & DX) penalized by the per-
centage of not regulated genes in infected hearts whose expres-
sion changed due to treatment alone (XD & XU).

Statistical analysis. Morphometric data were analyzed using
Student’s t test or ANOVA followed by Turkey. Differences were
considered significant when p < 0.05.
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