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ABSTRACT

Aim. To analyze the taxonomic composition of the intestinal microbiota in patients with cholangiocarcinoma
(CCA) and compare it to individuals without oncopathology.

Materials and methods. The study included patients with histologically verified cholangiocarcinoma (n = 30)
and a control group (n =27). An integrated approach was used, including clinical and anamnestic, laboratory, and
instrumental methods. The intestinal microbiota was studied through amplicon sequencing of the bacterial 16S
rRNA gene.

Results. The assessment of alpha- and beta-diversity of the microbiota in patients with CCA did not show any sig-
nificant differences compared to the control group. However, a comparative analysis revealed changes in the rep-
resentation of a number of microorganisms at different taxonomic levels, including a higher content of Bacteroides
and Lachnospiraceae NK4A136_group in patients with CCA. Additionally, bacteria that influence the change in
the global balance of microorganisms were identified in both groups, such as /Ruminococcus] torques_group,
Subdoligranulum, Parasutterella, unclassified Firmicutes in samples of patients with CCA and Oscillospiraceae
and Erysipelotrichaceae UCG-006 in the control group.

Conclusion. The study found a number of significant differences in bacterial representation between patients with
cholangiocarcinoma and control group participants. Further research on the intestinal microbiota has the potential
to develop non-invasive tools for early diagnosis of CCA.
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MaTtepuaJbl 4 MeTOAbI. B HcclieJoBaHHEe BKIIOYEHBI MAIIMEHTHI ¢ THCTOJIOTNYECKH BEpH(UIIMPOBAHHON XOJaH-
ruokapiuHOMoit (1 = 30) u koHTpodbHAs rpynmna (n = 27). Jns pemeHus 3a1ad JaHHOTO MPOEKTa HCIOIb30BaH
KOMIIJIEKCHBIH TOJIX0/1, BKIIIOYAOIINH KIIMHUKO-aHAMHECTHYECKUE, JTabOpaTOPHbIC U HHCTPYMEHTAJIBHBIC METO-
np1. VccrenoBanne MUKPOOUOTHI KHIIIEYHHUKA BBIIIOIHEHO METOJIOM aMIUTMKOHHOT'O CeKBEHUPOBAHHs TeHa OaKTe-
puanbHOit 16S pPHK.

Pesyasratsl. [Ipu onenke anba- u 6eTa-pasHooOpasust MUKpOOHOTHI y nanueHToB ¢ XK B cpaBHEHHH C KOH-
TPOJILHOU TPYyNIION 3HAYMMBIX PA3IUYUi HE BBIABICHO. CpaBHUTENIbHBIM aHANINW3 MOKA3aJl M3MEHEHUS B Ipe-
CTaBJIEHHOCTH PsiJa MUKPOOPTaHU3MOB Ha PAa3HBIX TAKCOHOMHUYECKUX YPOBHAX, B TOM YHCIIe O0jee BBICOKOE CO-
nepxanue Bacteroides n Lachnospiraceae NK4A136 group y nmanmentoB ¢ XK. Taxxe onpeznenens OakTepuu,
OKa3bIBAIOIIHE BIUSHUE Ha U3MEHEHHE II00albHOro OanaHca MUKPOOPTaHM3MOB B 00pa3slax Ajs MalUeHTOB C
XK ([Ruminococcus] _torques_group, Subdoligranulum, Parasutterella, nexnaccubununposaunsie Firmicutes), 1
koHtpouns (Oscillospiraceae u Erysipelotrichaceae UCG-006).

3akiawuenne. B pesynbraTe Ucciae0BaHUS BBISABICH PsJi 3HAYMMBIX PA3JIMUUil B TPEICTABICHHOCTH OaKTEpUil
Y MalUeHTOB C XOJIAHTMOKAapPIIMHOMON B CpaBHEHHUH C YYaCTHUKAMH KOHTPOJBHOU rpynmsl. JlanpHeimue uccie-
JIOBAaHUSI KUIICYHOW MHKPOOHOTHI TPEICTABISIOT MEPCICKTHBY JJIsl pa3paOOTKH HEMHBA3HBHBIX HHCTPYMCHTOB
panneii quarnoctuku XK.

KiroueBble c10Ba: XOMaHTHOKAPIMHOMA, KUIIEYHAs MUKPOOHOTA, aMILIMKOHHOE CEKBEHHPOBaHUE OaKTepuab-
Hoii 16S pPHK, pak neuenu

KoH}auKT HHTEpecoB: aBTOPHI 3asBIISIOT 00 OTCYTCTBHU KOH(M)INKTA HHTEPECOB.

Hcrounuk punancupoBanus. VccenoBanue BHIIOIHEHO U o iepxkke Poccuiickoro HayuHoro gonaa, rpant
«VI3MeHeHne MUKPOOMOTHI KMIIEYHUKA KaK (aKTOp NPOTrPecCHMPOBAHUS MEPUIYKTAIbHOTO (HUOpo3a U pa3BUTHUS
XOJIaHTHOKapuuHOMBD) (Ne 23-25-00432).

CooTBeTcTBHE MPUHIMIAM 3THKHU. Bce MalMeHTHI MOaNucand WHPOPMUPOBAHHOE COTJIACHE HA y4acTHE B
nccnenopanuu. VccnenoBanue 0100peHO JIOKATBHBIM dTHUeCKHM KomuTeToM Cu6I' MY (mpotokon Ne 9389 ot
27.02.2023).

[ uutupoBanus: ®enoposa O.C., Kopmupuna A.E., Coxonosa T.C., Kynennu B.B., Oroponosa JI.M. Uc-
ClIeJOBAHUE MHUKPOOMOTHI KHIIEYHHKA y OOJBHBIX XOJIAHTHOKAPLMHOMOW. Blonnemens cubupckoll meouyumol.
2025;24(1):105—113. https://doi.org/10.20538/1682-0363-2025-1-105-113.

Study of gut microbiota in cholangiocarcinoma patients

INTRODUCTION

According to world statistics, liver cancer
holds the sixth position among the most common
localizations of malignant neoplasms. The incidence
of hepatobiliary cancer is increasing worldwide,
accounting for 15% of all primary liver cancers and
3% of malignant neoplasms of the digestive tract [1].
Cholangiocellular carcinoma (cholangiocarcinoma,
CCA) is one of the leading causes of mortality in
oncology due to its aggressive nature, lack of specific
symptoms, prolonged asymptomatic course and
methods of preclinical diagnosis, and resistance to
therapy [2].

The highest incidence of CCA in the world
is registered in the countries of Southeast Asia
and North Africa, with more than 20 cases per
100 thousand people annually [2]. In the Russian
Federation, the highest incidence of CCA is observed
in the regions of Western Siberia, where it is more

than twice the world average (more than 9 cases per
100 thousand people annually) and poses a significant
socioeconomic burden [2, 3].

CCA belongs to multifactorial diseases, in
the development of which genetic, infectious,
environmental, and epidemiological risk factors
are involved. The most significant risk factors
include primary sclerosing cholangitis/ulcerative
colitis, chronic viral hepatitis C and B, hepatic
trematodoses, Epstein-Barr virus carrier, non-
alcoholic fatty liver disease, cholelithiasis, and
(or) malformations of the biliary system, food
carcinogens (N-dinitrosodimethylamine), deposits
of X-ray contrast agents (thorotrast) in bile ducts
[4-6]. Immune mechanisms play a crucial role
in carcinogenesis: chronic inflammation leads
to increased exposure of cholangiocytes to
proinflammatory mediators — interleukin-6, tumor
necrosis factor, cyclooxygenase-2 and activation of
Whnt signaling pathway with progression of mutations
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in tumor suppressor genes, proto-oncogenes and DNA
repair genes, and increased risk of carcinogenesis [7].

According to clinical and experimental studies,
the intestinal microbiota is the most important factor
in the development of liver diseases along the gut —
liver axis [8, 9]. Inflammatory reactions resulting
from changes in the gut microbiome are associated
with the development of a number of chronic non-
communicable diseases and are also considered
as a potential carcinogenic mechanism [10-13].
However, the fundamental mechanisms underlying
this relationship are still unclear. Thus, it is essential
to study the taxonomic composition of the intestinal
microbiota in patients with CCA and individuals
without cancer.

MATERIALS AND METHODS

To solve the set tasks, the study was conducted
in a case-control design in parallel groups. The
study protocol was approved by the Local Ethics
Committee of Siberian State Medical University
(Protocol No. 9389 of 27.02.2023).

The study included the following groups:
patients with histologically confirmed CCA (n = 30)
and participants without cancer and/or clinically
significant changes in the hepatobiliary system
(control group, n = 27). Among the patients with
CCA, 16.6% received chemotherapy, 13.3% received
a short course of antibiotic therapy (up to 7 days), and
33.3% underwent surgical intervention on the organs
of the hepatobiliary system within 2-4 weeks prior
to inclusion in the study. The control group did not
receive any of these treatments during the specified
periods.

CCA was diagnosed through the histologic and/
or immunohistochemical examination of biopsy
or postoperative liver material, according to the
following ICD-10 codes: C22.1 — cancer of the
intrahepatic bile duct; C24 — malignant neoplasm
of other and unspecified parts of the biliary tract
(n = 29); C24.0 — malignant neoplasm of the
extrahepatic bile duct (n = 1). The inclusion criterion
for all participants was a signed informed consent to
participate in the study.

During the study, the medical histories and
physical examination data of the participants were
analyzed, including vital signs, anthropometric data,
and system and organ examination data.

All  participants underwent  ultrasound
examination of the hepatobiliary system using a

high-resolution mobile ultrasound scanner (Mindray
M7, Shenzhen Mindray Bio-Medical Electronics Co,
Ltd, PRC) in accordance with the protocol proposed
within the framework of epidemiologic studies of
opisthorchiasis previously conducted in Southeast
Asia [14]. We evaluated the liver size and structural
features of the liver parenchyma, including echo
signs of CCA and periductal fibrosis (defined as an
increase in periportal echogenicity of more than 3
mm around the intrahepatic bile ducts of the second
order), as well as dilation and thickening of the bile
duct walls. The presence of liver masses was verified
by computed tomography (CT) and/or magnetic
resonance imaging (MRI) in patients with CCA.

To assess the composition of the intestinal
microbiota, stool samples were collected in special
sterile containers and stored at minus 80 degrees
Celsius until analysis. Additionally, stool samples
were evaluated for the presence of O. felineus
infection through microscopy of two stool samples
using Parasep concentrators (DiaSysLtd, UK).

To isolate DNA from the stool samples, we used
the Nobias DNA Extraction Kit (Nobias Technologies
LLC, Russia) with the extraction protocol, including
the stage of stool sample homogenization with the
help of'solid particles (bead beating) and precipitation
of inhibitors.

The microbiota of stool samples from patients
with CCA and the control group was studied through
amplicon sequencing of the V3-V4 fragment of the
16S rRNA gene. As a result of sample preparation
and sequencing, 6 samples were excluded due to
inadequate quality for analysis, and data from 51
patients’ samples were included in the microbiota
study data analysis. Sequencing of the V4 region of
the bacterial 16S rRNA gene was performed on an
[Nlumina MiSeq instrument.

Bioinformatic analysis of the obtained reads
was performed using Qlime 2 software. Data were
aggregated into ASVs (amplicon sequence variants)
using the DADA?2 plugin, and taxonomic analysis
was performed using the RDP classifier plugin and
the Silva taxonomy database. Statistical analysis was
performed using R 4.3.3. Alpha diversity was assessed
using the total number of operational taxonomic units
(OTUs), Shannon, Chaol, and Simpson diversity
indices (rbiom 1.0.3). Alpha diversity between
groups was compared using the non-parametric
Mann — Whitney test. Beta diversity was analyzed
throughnonparametric permutationanalysisofvariance
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(PERMANOVA) using distance matrices based on
the Eitchison distance and Jaccard’s measure. Beta
diversity differences were analyzed using the adonis
test (vegan 2.6-4). Microbial representation between
groups was compared using the nonparametric Mann —
Whitney test and compositional analysis through
the balance selection method (selbal 0.1.0) for two
groups, and the Kraskell — Wallis criterion followed by
Dunn’s test (dunn.test 1.3.6) for three or more groups.
Correlation analysis was performed using Spearman
rank correlation (Hmisc 5.1-2). Benjamini — Hochberg
multiple comparisons correction was applied to all
statistical tests. The level of statistical significance
was chosen at 0.05.

RESULTS

During the study, two clinical groups of patients
were formed: patients with histologically verified
CCA (n = 30) and a control group (n = 27). In the

CCA group, 96.7% of cases were diagnosed with
intrahepatic localization of cholangiocarcinoma,
and only 1 patient had an extrahepatic Klatskin
tumor; 46.7% of patients were diagnosed at stage
I-II and 53.3% — at stage III-IV according to the
TNM classification. Chemotherapy was given
to 16.7% of patients and surgical treatment —
to 30% of participants, while 53.3% received only
palliative care.

The most frequent symptoms in patients with
CCA were abdominal pain, bloating, positive bladder
symptoms of Ker and Ortner, liver pain on palpation,
as well as significantly higher levels of bilirubin,
aspartate aminotransferase, alanine aminotransferase
and detection of hepatomegaly, periductal fibrosis,
and bile duct dilatation on ultrasound.

Neoplasms were detected by ultrasound and
confirmed by abdominal MRI / CT.. All clinical data
for the studied groups are presented in Table 1.

Table 1.
Clinical characteristics of the studied groups
Parameter Patients with CCA (n = 30) | Control group (n =27) | P
Demographic and anamnestic characteristics
Gender, 1 (%)
male 18 (60.0) 14 (51.8) p>0.05
female 12 (40.0) 13 (48.2)
Age, years (N (Q;; Q) 59.96 (54.0 ; 67.0) 62,8 (58.0 ; 68.0) p>0.05
Smoking, n (%) 21 (70.0) 11 (36.7) p<0.05
Average history of smoking (years) 12.2.(0.0;20.0) 10.8 (0.0 ; 20.0) p>0.05
Alcohol consumption, n (%) 15 (50,0) 11 (36.7) p>0.05
Gastric and/or duodenal ulcer disease, n (%) 8(26.7) 4(14.8) p <0.05
Hypertension, n (%) 15 (50.0) 19 (70.4) p>0.05
Chronic heart failure, n (%) 4(13.3) 9(33.3) p <0.05
Type 2 diabetes mellitus, 7 (%) 3(10.0) 4 (14.8) p>0.05
Cholelithiasis, n (%) 8 (26.7) 2(7.4) p <0.05
Clinical characteristics
Body mass index (kg/cm?2) 26.6 (21.0;28.4) 29.1(23.0; 33.5) p>0.05
Fever, n (%) 4(6.7) —
Jaundice of the skin and visible mucosae, n (%) 11 (36.7) -
Hepatomegaly on the liver palpation, n (%) 14 (43.3) 4(15.4) p <0.05
Positive gall bladder symptoms,
() & ymp 10 (33.3) -
Biochemical markers
Total protein, g/l 67.2 (62.0 ; 73.0) 68.7 (63.0 ; 75.0) p>0.05
Total bilirubin, mcmol/l 54.2 (8.9 ;41.0) 11.7 (6.0 ; 14.2) »<0.05
Conjugated bilirubin, mcmol/l 28.4(2.3;32.0) 1.8 (0.0;2.3) p <0.05
ALT, IU/1 61.8 (25.0;73.0) 30.2 (14.0 ; 33.0) p <0.05
AST, 1U/1 58.2(32.0; 73.0) 30.5(17.0 ; 42.0) p<0.05
Ultrasound examination of the hepatobiliary system
Hepatomegaly, n (%) 8 (26.7) 2(7.4) p<0.05
Dilation of the bile ducts, n (%) 14 (46.7) —
Thickening, irregular walls of bile ducts, n (%) 7(23.3) 1(3.7) p <0.05
Periductal fibrosis, n (%) 12 (40.0) -

108 BlonneteHb cMbupckoi MeguunHbl. 2025; 24 (1): 105-113



Original articles

BIOINFORMATICS AND STATISTICAL
ANALYSIS OF GUT MICROBIOTA
COMPOSITION DATA

The most represented types in the microbiota
of stool samples from patients with CCA were
Firmicutes  (70.1%),  Bacteroidota  (18.9%),
Proteobacteria (5.1%), Patescibacteria (2.9%),
and Actinobacteriota (1.6%). The control group
had a higher proportion of Firmicutes (72.6%),
Bacteroidota (13.4%), Proteobacteria (4.7%),
Patescibacteria (3.6%), and Verrucomicrobiota
(2.5%, Fig. 1, a). At the family level, patients with
CCAweredominated by Ruminococcaceae (38.0%),
Lachnospiraceae (12.5%), Bacteroidaceae (10.7%),
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Prevotellaceae (5.9%), and Peptostreptococcaceae
(4.1%). In the control group, the most represented
families of microorganisms were the following:
Ruminococcaceae (42.9%), Bacteroidaceae (8.3%),
Lachnospiraceae (7.3%), Peptostreptococcaceae
(4.7%), and Oscillospiraceae (4.5%, Fig. 1, b).

At the genus level, patients with CCA had a pre-
dominant rate of Faecalibacterium (34.7%), Bactero-
ides (10.7%), Prevotella (5.2%), unclassified genera
of the families Lachnospiraceae (3.1%) and Peptos-
treptococcaceae (2.3%). In the control group, the most
represented genera of microorganisms were Faecali-
bacterium (40.5%), Bacteroides (8.3%), Prevotella
(3.0%), UCG-002 (2.7%) and unclassified genera of
the family Peptostreptococcaceae (2.7%, Fig. 1, c).
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Fig. 1. The bar graph shows the most represented microbial taxa in stool samples from patients with cholangiocarcinoma (CCA) and
control groups (Control): a — at the order level, b — at the family level, ¢ — at the genus level

The comparative analysis of alpha diversity of the
microbiota of stool samples showed no statistically
significant differences between the group of patients
with CCA and the control group. (Fig. 2). Similarly,
no differences were found between the groups when
beta diversity was assessed.

The Mann — Whitney test was used to identify
bacteria (28 taxa) whose abundance was statistically
significantly different in the group of patients with
CCA compared to the control group. The results
showed that CCA is associated with an increase in
the abundance of bacteria from the following orders:

Lachnospirales, Clostridiales, Rhodospirillales,
CEMEHCTB Lachnospiraceae, Tannerellaceae,
Clostridiaceae, unclassified Rhodospirillales, and
Bacteroidales, compared to the control group. The
intestinal microbiota of the control group participants
was characterized by a higher content of bacteria
from the Staphylococcaceae family and the genera
of Staphylococcus, and Finegoldia. At the genus
level, the microbiota samples of CCA patients were
characterized by a higher content of /Ruminococcus]
torques group, Dorea, unclassified Lachnospiraceae,
CAG-56, Agathobacter, Clostridium sensu stricto
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1, uncultured Rhodospirillales, Subdoligranulum,
CAG-352, Anaerostipes, Parabacteroides, uncultured
Bacteroidales, Anaerovoracaceae  Family XIII
AD3011 group, Oscillospiraceae NK4A214 group,
and Lachnospiraceae NK4A4136 group.

We also used the method of selecting balances
with sex as a covariate to reduce the detection of false
positives. Only bacteria that were in global balance
(R? = 0.726, p = 0.006, Fig. 3) were considered
significant.
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Fig. 2. The graph shows comparison of alpha diversity between cholangiocarcinoma (CCA) and the control group (Control) of
patients in terms of number of operative taxonomic units (OTUs), Shannon, Chaol and Simpson diversity indices. The p-value was
calculated using the nonparametric Mann — Whitney test

B
Firmicutes

Parasutterella
Subdoligranulum

[Ruminococcus] torgues group

A
Erysipelotrichaceae UCG-006

Oscillospiraceae

Balance

Fig. 3. The selection plot of microbial balances in samples at the genus level. The bacteria presented in the upper part of the graph
influence the variation of the global balance of microorganisms in the samples. The middle and bottom parts show box-and-whisker
type plots and density distribution curves of the balance for the groups of CCA patients (blue) and the control groups (orange)

Additionally, we performed a correlation
analysis between bacteria in the global balance,
taking into account the joint influence of several
bacterial genera. We found a statistically significant
mean correlation between bacteria from the genera
[Ruminococcus] torques group and Subdoligranulum

110

(r=0.56, p <0.0001), which changed the balance of
microorganisms downward.

Within the group of patients with CCA, we
investigated the differences in the relative bacterial
representation based on clinical features such as bad
habits, concomitant diseases, ongoing treatment,
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tumor localization and histological characteristics,
and macroscopic characteristics of the liver and
bile ducts. Thus, in patients with intrahepatic tumor
localization, there was a significant increase in the
representation of bacteria from the genus Clostridia
UCG-014 (p = 0.023), while in patients with stage
3-4 of the disease, the content of bacteria of the
genus Odoribacter significantly decreased (p =
0.012). Patients with anaplastic cancer confirmed
by histologic examination had a significantly
increased content of the genus Saccharimonadaceae
(»p = 0.029), unclassified genera from the family
Rhizobiaceae (p = 0.036), and the genus Faecali-
bacterium (p = 0.043) compared to patients with
other types of cancer. We also observed a significant
increase in the abundance of bacteria from the genus
Agathobacter in patients with dilated hepatic ducts
(p =0.022).

DISCUSSION

This study is the first to investigate the
composition of the intestinal microbiota using 16S
rRNA sequencing in a Russian population of patients
with cholangiocarcinoma. In our study sample,
intrahepatic localization of CCA was diagnosed
in the majority of cases, more than half of the
patients were diagnosed at TNM stages III-IV. The
clinical symptoms corresponded to the course of the
disease.

The study revealed that the composition of
intestinal microbiota in patients with CCA in
comparison with the control group is characterized
by changes in the quantitative representation of
individual microbial communities without significant
differences in alpha- and beta-diversity.

The results of foreign studies demonstrated
differences in the composition of the intestinal
microbiota between patients with biliary tract cancer
and healthy participants. However, there is currently
no clear trend in changes in specific groups of
microorganisms or a characteristic microbial profile
in CCA, possibly due to differences in methodological
approaches. It should be noted that our study revealed
some modifications of microorganism representation
comparable to the results of similar previous studies.
Thus, in two studies, a change in the representation
of the genus Bacteroides was noted in patients with
CCA and hepatocellular carcinoma (HCC) [15, 16].
Bacteria of the genus Bacteroides are dominant
representatives of the normal intestinal microbiota

and perform various functions aimed at maintaining
intestinal homeostasis [17]. However, certain species
ofthe genus Bacteroides, such as Bacteroides fragilis,
may play arole in the pathogenesis of various diseases
and carcinogenesis [18, 19]. A study by Tuo Deng
et al, 2022, also found an association with increased
representation of the unclassified Lachnospiraceae
group NK4A4136 [15].

Another study also noted an increase in
Parabacteroides in intestinal microbiota samples
from patients with hepatocellular carcinoma [20]. The
gut microbiota of patients at early stages of HCC was
characterized by a decrease in butyrate-producing
bacteria and an increase in lipopolysaccharide-
producing microorganisms compared to control group
samples [20]. High levels of lipopolysaccharides
have been shown to activate the NF-kxB pathway,
produce pro-inflammatory cytokines (TNFa, IL-6
and IL-1) and lead to inflammatory and oxidative
damage to the liver, contributing to the development
of hepatobiliary cancers [21-23].

The results of gut microbiota diversity indices
assessment according to different studies are
heterogeneous. A systematic review of studies
investigating intestinal microbiota in patients with
CCA showed that in most publications, the alpha-
diversity index did not differ significantly from the
controls, while two studies reported a decrease and in
one study an increase in taxonomic diversity [24]. In
a study of liver biopsy specimens, it was shown that
samples from peritumor sites and HCC tissue had
greater bacterial diversity compared to unaffected
liver sites [25].

As a result of gut microbiota assessment using the
balance selection method, we identified a number of
bacteria that influence the change in the global balance
ofmicroorganismsinthe samples. A microbiotaprofile
with increased representation of [Ruminococcus]
torques_group, Subdoligranulum, Parasutterella,
unclassified Firmicutes was characteristic of patients
with CCA. In contrast, previous studies have noted
a decrease in the representation of bacteria of the
genus Subdoligranulum in patients with liver disease
compared to healthy participants [26-28]. Bacteria
of the genus Parasutterella are involved in bile acid
metabolism [29].

The study of the gut microbiota is a challenging
task due to the many internal and external factors
affecting the composition of microbial communities,
and it requires careful study design. The limitations
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of our study include a small sample size and a single
assessment of the microbiota in a stool sample.

CONCLUSION

This study revealed a number of significant
differences in bacterial representation in patients
with cholangiocarcinoma compared to control group
participants. Considering the results of previous
studies, microorganisms such as Bacteroides and
Lachnospiraceae NK4A4136_group may be potential
microbial markers of CCA development. Thus,
further studies of the gut microbiota hold promise for
the development of non-invasive tools for the early
diagnosis of CCA.
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