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Abstract

A continuous cell line has been developed from

thymus explants of Catla catla and the cells have

been subcultured for 63 passages. The cells exhib-

ited optimum growth at 30°C in L-15 medium

containing 15% foetal bovine serum. The cultured

cells engulfed yeast cells and fluorescent latex

beads. These cells produced reactive oxygen and

nitrogen intermediates following stimulation with

lipopolysaccharide and phorbol esters. The culture

supernatant from the cultured cells had lysozyme

activity and these cells demonstrated Fc receptors.

Almost all the cells were positive for alpha-naph-

thyl acetate esterase enzyme suggesting that the

cells are of macrophage lineage and therefore, the

cell line was designated as catla thymus macro-

phage (CTM) cell line. CTM cells formed aggregates

around zoospores of Aphanomyces invadans, but

were unable to inhibit the germination of spores.

The karyotype analysis of CTM cells at 25th pas-

sage revealed a typical diploid model with 50

chromosomes per cell. Partial amplification,

sequencing and alignment of fragments of two

mitochondrial genes 16S rRNA and cytochrome c

oxidase subunit 1 confirmed that the CTM cell line

originated from C. catla. This cell line should be

useful for studying the role of macrophages in dif-

ferentiation and maturation of thymocytes and

can be a source of macrophage-specific enzymes

and cytokines.

Keywords: Catla catla, Cell line, Macrophage,

Thymus

Introduction

Teleosts possess a highly developed immune sys-

tem and the basic mechanisms of immunity in fish

and mammals are quite similar (Press 1998). The

major lymphoid organs in fish are thymus, kidney

and spleen. The teleost thymus is a paired lym-

phoid organ, located in the dorsolateral aspect of

the opercular cavity. It is the main source of

immunocompetent T cells and it has an important

role in immune system development (Trede & Zon

1998). The thymic parenchyma consists of a

meshwork of epithelial cells that houses free cells,

mainly lymphocytes, macrophages, interdigitating/

dendritic cells, myoid cells and other cell types

(Zapata, Chiba & Varas 1996). The non-lymphoid

elements of the thymus mainly the epithelial cells

and macrophages contribute significantly to the

thymic microenvironment, influencing prolifera-

tion and differentiation of T-cell progenitor. The

epithelial cells produce factors important for thy-

mocytes maturation and for acquisition of specific

immune characteristics of thymocytes. Thymic

macrophages express all the identifying character-

istics associated with macrophages throughout the

body (Gallily, Zeira & Stain 1985). In addition,

thymic macrophages are considered to be critical

in the regulation of thymocyte maturation and

have been implicated in deleting autoreactive thy-

mocytes (Jayaraman, Luo & Dorf 1992; Xie, Nie,

Zhang, Sun, Sun, Yao & Gao 2006). However, the

lack of pure populations of these cells has pre-

cluded definitive experimentation on the role of

these cells in immunoregulation.
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The thymic cell lines, particularly macrophage

and epithelial cell lines can be critical to evaluate

the role of these cells in the induction and/or

regulation of thymocyte differentiation and matu-

ration. In addition, cell lines obtained from lym-

pho-haematopoietic tissues such as thymus have

been used as feeder layers to support haematopoie-

sis (Watanabe-Fukunaga, Brannan, Copeland,

Jenkins & Nagata 1992). There are a few reports

of establishment of cell lines from thymus in

mouse (Jayaraman et al. 1992; Itoh, Nakamura,

Yagi, Soga, Doi, Koja, Nanno, Suzuki, Satomi &

Kasahara 2001), rat (Itoh 1979; Piltch, Naylor &

Hayashi 1988), cattle (Yashihara, Tanaka, Mori,

Onodera & Hirota 1995) and humans (Hibi, Fujis-

awa, Kanai, Akatsuka, Habu, Handa & Tsuchiya

1991). These cell lines from thymus are of macro-

phage origin (Jayaraman et al. 1992; Yashihara

et al. 1995) or epithelial origin (Hibi et al. 1991;

Itoh et al. 2001). In fish, fibroblast-like cell lines

have been developed from thymus of common

carp and ginbuna carp (Katakura, Takizawa,

Yoshida, Yamaguchi, Araki, Tomana, Nakao &

Moritomo 2009).

In this article, we report the development of a

macrophage cell line from thymus of Catla catla,

designated as catla thymus macrophage (CTM) cell

line. This is the first report on development of cell

line from fish thymus macrophages to the best of

our knowledge.

Materials and Methods

Preparation of tissue for primary cell culture

Catla catla procured from a fish farm were acclima-

tized in FRP tanks for a week. An apparently

healthy C. catla weighing 800 g was anaesthetized

with MS222 (Sigma-Aldrich, St. Louis, USA) and

thymi were aseptically removed. The tissues were

washed twice with phosphate buffered saline (PBS)

containing 2X concentration of antibiotic-antimy-

cotic solution (Invitrogen, Carlsbad, USA) and

transferred to a petri dish containing L-15 medium

supplemented with 20% foetal bovine serum (FBS)

and antibiotic-antimycotic solution. The tissues

were cut into small pieces (approximately 1 mm3

in size) with the help of sterile scissors and trans-

ferred to a 25-cm2 flask along with medium and

incubated overnight at 30°C. The tissues adhered

to the surface of the flask. About 50% of the med-

ium was replaced every 4th day. After formation

of monolayer, the cells were trypsinized with

trypsin-EDTA solution (Invitrogen) and subcul-

tured at a split ratio of 1:2 in L-15 medium. The

concentration of FBS in medium was gradually

reduced from 20% to 10% between 10th and 15th

subculture. The subcultures were stored in the

liquid nitrogen after every 10th passage in the

freezing medium, which consisted of L-15 supple-

mented with 20% FBS and 10% dimethyl sulphox-

ide. For revival, a cryovial was thawed quickly in

water bath at 37°C and centrifuged at 200 g for

5 min at room temperature. The cells were resus-

pended with L-15 medium supplemented with 10%

FBS and antibiotic-antimycotic solution and seeded

in a 25-cm2 tissue culture flask. The viability of the

revived cells was estimated by trypan blue staining

and the cells were counted on a haemocytometer.

Effect of temperature and FBS concentration on

growth rate

Catla thymus macrophage cells were trypsinized at

passage 20 and counted using a Neubarr haemo-

cytometer. To examine the effect of different tem-

peratures on thymus macrophage cell line, a total

of 5 9 105 cells were inoculated into 25-cm2 cell

culture flasks and incubated overnight at 30°C for

attachment of cells. Afterwards, the batches of cul-

ture flasks were incubated at selected temperatures

of 25, 30 and 35°C for growth studies. The study

was performed using L-15 supplemented with 20%

FBS. Every day, three flasks at each temperature

were trypsinized to measure cell density. The study

was carried out for 5 days. Similar study was car-

ried out to check the effect of different concentra-

tions of FBS (5%, 10%, 15% and 20%) on cell

growth at 22nd passage.

Phagocytosis assay

The phagocytic ability of the cultured CTM cells

was assessed by incubation with yeast cells and

fluorescent latex beads.

The yeast cell suspension was prepared follow-

ing Roy and Rai (2004). Briefly, the yeast cells

(Saccharomyces cerevisiae) were heat-killed at 80°C
for 15 min and washed thrice with PBS. The pellet

was finally suspended in culture medium supple-

mented with 5% FBS to get a concentration of

approximately 108 cells mL�1. Catla thymus mac-

rophage cells grown over sterile cover slips were

flooded with heat-killed yeast-cell suspension. After

© 2012 John Wiley & Sons Ltd, Aquaculture Research, 45, 299–311300
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24 h incubation at 30°C, the coverslips were

rinsed three times in PBS, fixed in methanol and

stained with Giemsa. The assay was carried out in

triplicates. The phagocytic capacity and the phago-

cytic index were determined following Jensch-

Junior, Pressinotti, Borges and Silva (2006). At

least 100 phagocytizing macrophages were

counted without any predetermined sequence or

scheme on each coverslip. The phagocytic capacity

was calculated using the formula: number of cells

showing phagocytosis/total number of macrophag-

es counted 9 100. The phagocytic index was

determined by calculating the number of yeast

cells inside macrophages divided by number of

macrophages phagocytizing.

In another experiment, fluorescent latex beads,

amine-modified polystyrene (1 lm diameter,

Sigma) were suspended in L-15 and were incu-

bated with CTM cells for 30 min at 30°C in a tube

(Ganassin, Schirmer & Bols 2000). Thereafter, the

cells were centrifuged at 200 g for 5 min. The pel-

let was washed thrice with PBS and the cells were

observed under fluorescent microscope.

Production of reactive nitrogen species

Nitric oxide production by CTM cells was detected

following the method described by Wang,

Neumann, Shen and Belosevic (1995). CTM cells

were seeded in 96-well plates at a density of

1 9 105 cells well�1 and incubated overnight.

Thereafter, the culture supernatant was replaced

by L-15 containing different concentrations

(5–40 lg mL�1) of lipopolysaccharide (LPS) (Santa

Cruz, California, USA). After 96 h, the culture

supernatant was collected and assayed for the pres-

ence of nitrite using a kit (Amresco, Solon, USA;

Cat. No. N165 kit). Briefly, 100 lL aliquots of the

supernatant were incubated with 100 lL of assay

solution for 15 min. The O.D. was measured in a

microplate reader (Tecan, Austria) at 550 nm. The

nitrite concentration was determined by compari-

son with a standard sodium nitrite curve.

Lysozyme assay

The lysozyme activity of the culture supernatant

was measured using the turbitimetric assay

(Sankaran & Gurnani 1972). Briefly, a solution of

20 mg of Micrococcus lysodeikticus (MP Biomedi-

cals, Solon, USA) suspension was prepared in

100 mL of acetate buffer (0.02 M, pH 5.5). Hen

egg white lysozyme (USB Corporation, Cleveland,

USA) was used for preparing a standard curve.

Wells of a 96-well plate were seeded with CTM

cells at a density of 1 9 105 cells well�1 and incu-

bated overnight. Thereafter, the culture superna-

tant was replaced by L-15 medium containing

different concentrations of LPS (5–40 lg mL�1).

After 24 h, the culture supernatant of CTM cells

collected for determining lysozyme activity. For the

test, 15 lL of culture supernatant was added to

150 lL of above suspension in a microplate and

incubated at 30°C for 1 h. L-15 medium was used

in place of CTM culture supernatant as a control.

The lysozyme activity of the culture supernatant

was determined by comparing decrease in O.D.

with that of standard curve.

Respiratory Burst Activity

The detection of superoxide anion formation by

the reduction of nitroblue tetrazolium (NBT) was

performed following Wang et al. (1995). Briefly,

macrophage monolayers prepared as above in 96-

well culture plates were washed twice with PBS.

In one experiment, macrophages were primed with

L-15 medium containing different concentrations

(5–40 lg mL�1) of LPS for 12 h. After removal of

the old medium, respiratory burst activity was

detected by incubating the cells with 100 lL of

1 mg mL�1 NBT (Fermentas, Vilnius, Lithuania)

in culture medium. In other experiment, macro-

phages were incubated overnight with L-15 med-

ium and triggered with 100 lL of 1 mg mL�1 of

NBT in culture medium containing differing

amounts (12.5–100 ng mL�1) of phorbol myri-

state acetate (PMA) (Sigma-Aldrich). The plates

were incubated for 65 min at 30°C. The cells were

fixed in absolute methanol, washed thrice with

70% methanol and allowed to dry for several min-

utes. The reduced formazen within the macro-

phages was dissolved in 120 lL 2 M KOH and

140 lL DMSO and read in a spectrophotometer at

620 nm using KOH/DMSO as a blank. Results

were expressed as means of at least three repli-

cates±SD

Cell Surface Receptors

Cells were examined for the presence of Fc recep-

tors (FcR), a marker reported to be present on

phagocytes and natural killer cells. Smears of CTM

cells prepared on slides were air-dried and fixed in
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acetone methanol solution (1:1). For the experi-

ment, the slides were laid flat and incubated with

pooled catla serum (n = 5) for 30 min at room

temperature. In control slides, PBS with 3% bovine

serum albumin was used in place of catla serum.

The slides were washed thrice with PBS and incu-

bated with 1:1000 dilution of mice anti-catla IgM

antibody (raised in the laboratory) for 30 min. Fol-

lowing three washings, the slides were incubated

with 1:100 dilution of anti-mouse IgG FITC conju-

gate (Sigma-Aldrich). The slides were again

washed and mounted in buffered glycerol and

observed under fluorescent microscope.

Cytochemistry

The smears of the CTM cells were prepared on

glass slides. These slides were stained for alpha-

naphthyl acetate esterase activity using a commer-

cial kit (Sigma-Aldrich; Cat. No. 91-A).

Cytotoxicity assay

Neutral red (NR) uptake assay was carried out fol-

lowing Repetto, Peso and Zurita (2008). Briefly,

wells of a 96-well plate were seeded with 100 lL
of 1 9 105 CTM cells mL�1 and incubated over-

night at 30°C. Thereafter, the culture supernatant

was removed and 100 lL of L-15 containing mer-

curic chloride (SRL, Mumbai, India) in increasing

concentration (1.95, 3.91, 7.81, 15.63, 31.25,

62.5, 125 and 250 lg mL�1) was added to wells

in triplicates and incubated at 30°C for 24 h. In

control wells, 100 lL of L-15 medium was added.

Following washing with PBS, 100 lL of neutral

red working solution (40 lg mL�1) was added to

the wells. The plate was again incubated for 2 h

at 30°C and then the neutral red medium was

decanted. The wells were washed with 150 lL of

PBS followed by fixation of cells by adding 5% glu-

taraldehye for 2 min. Then 150 lL of neutral red

destaining solution was added to each well and

the plate was kept on a plate shaker for 10 min.

The O.D. of neutral red extract was measured at

540 nm in a microplate reader

In vitro challenge with Aphanomyces invadans

spores

For in vitro coculture challenge, CTM cells were

seeded in a 96-well tissue culture plate at a con-

centration of 104 cells well�1 and incubated over-

night at 30°C for attachment. Sporulation was

induced in Aphanomyces invadans culture following

OIE (2011). The unstained zoospores were counted

using a Neubarr haemocytometer and finally sus-

pended in L-15 medium at a concentration of

103 spore mL�1 and 100 lL of this suspension

was added to wells. Medium without spores was

added to wells as a negative control and wells

with only spores were used as positive control.

Cell cycle analysis

Flow cytometric analysis of CTM cells was carried

out twice at intervals of 24 h with a plating cell

count of 1 9 105 mL�1 in each flask. The cells

were prepared following Ishaq Ahmed, Babu,

Chandra, Nambi, Thomas, Bhonde and Sahul

Hameed (2009) and analysed on flow cytometer

FACS CALIBER (Becton Dickinson, Franklin Lakes,

NJ, USA).

Chromosomal analysis

Chromosome spreads were prepared from CTM cells

at passage 25, by conventional drop technique

(Freshney 2005). The number of chromosomes in

each spread was counted under a microscope.

PCR for confirmation of origin of cell line

The origin of the CTM cell line was authenticated

by partial amplification and sequencing of 16S

rRNA and cytochrome c oxidase subunit 1 (COI)

genes from CTM cells following Swaminathan

et al. (2011). Briefly, DNA was isolated from

5 9 106 CTM cells and the two mitochondrial

genes were amplified and PCR products were

sequenced. The DNA sequences were aligned with

known sequences from the National Center for

Biotechnology Information (NCBI) database. DNA

from muscle of C. catla was used as positive con-

trol for PCR amplification and sequencing of the

above two mitochondrial genes.

Results

Cell culture

The outgrowth of cells from thymus explants was

observed after 24 h (Fig. 1a and b). These cells

continued to grow and formed a monolayer within

15 days. Cells were subcultured in L-15 medium
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with 20% FBS at a ratio of 1:2 every 4–5 days for

the initial 25 passages. After 25 passages, the cells

were subcultured at a ratio of 1:3 every 4 days.

Morphologically, the cells consisted of a heteroge-

neous population of fibroblast-like and epithelial

cells in the earlier subcultures (Fig. 1c). The fibro-

blastic cells grew faster and tend to detach quickly

in sheets following trypsinization and adhered in

clumps in the flasks. After 12–14 passages, the

cells detached in sheets, but separated in individ-

ual cells on addition of medium and adhered as

single cells. If the cells were left in the flask after

formation of monolayer, the cells grew and formed

centres (Fig. 1d and e) in which the cells were

more densely packed and the morphology of cells

in such centres could not be appreciated. The cell

line has been maintained for more than 1 year

now and has been subcultured for 63 passages.

This cell line has been designated as CTM cell line

and has homogeneous population of fibroblast-like

cells (Fig. 1f). In the smears stained with Giemsa

stain, the cells were highly pleomorphic usually

with an eccentric nucleus and displayed varying

degrees of cytoplasmic basophilia. The CTM cells

revived after 3 months of storage in liquid nitro-

gen showed 84.6 ± 3.21% viability (n = 3) and

grew to confluency within 5 days. There was no

alteration in morphology of cells after freezing and

thawing.

Effect of temperature and FBS concentration on

growth rate

CTM cells exhibited different growth rates at differ-

ent incubation temperatures. The growth rate was

moderate at 25°C, whereas, maximum growth of

(a) (b)

(c) (d)

(f)(e)

Figure 1 Photomicrographs of Catla catla cells derived from thymus explants (a,b) Thymus explant showing radia-

tion of cells, (c) Heterogeneous populations of both epithelial-like and fibroblast-like cells, (d,e) Over time, the cells

in the monolayer grow and form centres in which the cells are more densely packed and morphology of cells can

not be appreciated, (f) Monolayer of CTM cells at 47th passage.
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the cells was observed at 30°C (Fig. 2a). The CTM

cells grew well at 35°C for first 2 days, but there-

after; the cells showed vacuolation followed by

rounding and detachment. The growth rate was

also enhanced with increase in FBS concentration

from 5% to 20% at 30°C (Fig. 2b). The cells exhib-

ited good growth at 10% FBS concentration,

although better growth was observed at 15% and

20% FBS concentration. Therefore, 15% FBS con-

centration was considered to be optimum for

growth of CTM cell line.

Phagocytosis assay

Catla thymus macrophage cells actively engulfed

the yeast cells (Fig. 3a). A total of 38.7 ± 2.36%

CTM cells were found to have ingested yeast cells

and the number of yeast cells per phagocytizing

cell i.e. phagocytic index was 2.86 ± 0.87. Follow-

ing phagocytosis of yeast cells, the adherent cells

on the coverslips showed rounding and a number

of cells were found to detach from the surface dur-

ing washing. Catla thymus macrophage cells also

ingested fluorescent latex beads following incuba-

tion of CTM cells with latex beads (Fig. 3b).

A majority of CTM cells ingested 3–4 beads

though a few cells had ingested clumps of beads.

The ingested fluorescent beads were observed in

different planes of the phagocytizing cells.

Production of reactive nitrogen species

Catla thymus macrophage cells produced nitric

oxide on stimulation with bacterial LPS. The cells

showed a dose-dependent nitric oxide production

in response to LPS (Fig. 4a). Maximum production

of nitrite was observed in cells incubated with L-

15 medium containing LPS at a concentration of

20 lg mL�1.

Lysozyme assay

Culture supernatant from CTM cells collected after

24 h of culture showed lysozyme activity of

2.67 ± 0.61 lg mL�1, as determined from the

standard curve. The priming the CTM cells with

LPS resulted in increase in lysozyme activity

(Fig. 4b). Maximum lysozyme activity was
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Figure 2 Growth response of CTM cells at different

temperatures at 20th passage (a) and at different con-

centration of foetal bovine serum at 30°C at 22nd pas-

sage (b).

(a)

(b)

Figure 3 Phagocytosis by CTM cells; (a) Large number

of yeast cells phagocytosed by CTM cells, (b) CTM cell

with bunch of engulfed fluorescent beads.
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observed in culture supernatant collected from

CTM cells primed with 20 lg mL�1 LPS. However,

no lysozyme activity was detected in L-15

medium.

Respiratory Burst Activity

In this study, the CTM cells were examined for

production of reactive oxygen species (ROS) in

response to LPS and PMA. In one experiment, the

cells were primed with varying concentration of

LPS (5–40 lg mL�1). Lipopolysaccharide (LPS) at

a concentration of 20 lg mL�1 induced maximum

production of ROS (Fig. 5a). In other experiment,

the cells were triggered with varying concentra-

tions of PMA (12.5–100 ng mL�1) and the maxi-

mum ROS production was observed in CTM cells

triggered with 25 ng mL�1 PMA (Fig. 5b). The

ROS production was much lower in wells in which

no mitogen was used. The ROS production was

higher in wells primed with LPS than with PMA.

Cell surface receptors

Almost all the CTM cells were found to bear Fc

receptors on their margins. The control cells incu-

bated only with mice anti-catla IgM antibody did

not show fluorescence indicating that CTM cells

were negative for IgM.

Cytochemistry

Majority of the CTM cells were moderately to

strongly positive for alpha-naphthyl acetate ester-

ase enzyme.

Cytotoxicity Assay

The CTM cells were incubated with L-15 medium

containing increasing concentration of mercuric

chloride and subsequently examined for effect on

neutral red uptake. A decrease in O.D. was evident

with increasing concentration of mercuric chloride
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Figure 4 (a) Nitrite production by CTM cells after

96 h of incubation with different concentrations (5–

40 lg mL�1) of lipopolysaccharide. Each bar represents

mean nitrite concentration of three wells ± SE;

(b) Lysozyme activity in culture supernatant of CTM

cells after 24 h of stimulation with different amounts

(5–40 lg mL�1) of lipopolysaccharide.
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Figure 5 Respiratory burst activity of cultured CTM

cells as detected by NBT reduction assay. Each bar

represents mean O.D.±SE of three wells; (a) Effect of

different concentrations with (5–40 lg mL�1) of lipo-

polysaccharide on respiratory burst activity, (b) Effect

of different concentrations (12.5–100 ng mL�1) of

phorbol myristate acetate.
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(Fig. 6). Nuclear condensation was evident in cells

incubated with medium containing 62.5–250 lg
mercuric chloride mL�1.

Cellular effects of A. invadans coculture on CTM

cells

Within 24 h of coculture, CTM cells formed aggre-

gates around the spores. The hyphae were seen to

radiate from the cell aggregates (Fig. 7a). The ger-

mination of the spores was observed over the

plane of adherent cells indicating chemotactic

motility towards the spores. The aggregation of

the cultured cells was also observed at non-

uniform sites along growing hyphae as some

regions of the hyphae were devoid of cell attach-

ment (Fig. 7b). Eventually, oomycete mycelium

overcame the culture by 72 h at 30°C. However,

the viability of CTM cells was not affected by

oomycete overgrowth. Control CTM cells remained

healthy throughout the 3-day period.

Cell cycle analysis

The DNA content of CTM cells was determined

using flow cytometric analysis in 24 and 48 h cul-

tured cells and it revealed a diploid cell population.

A representative histogram of the DNA content

and the number of cells is shown in Fig. 8a and b.

The results showed two distinct peaks correspond-

ing to the G0–G1 fraction and G2–M fraction of

the cells at 24 and 48 h. The highest number of

cells in S-phase (29.8%) was observed at 24 h

(Table 1).

Karyotyping

Chromosomal counts of 100 metaphase plates at

passage 25 of CTM cell line revealed that the

number of chromosomes in the cells varied from

36 to 65. The majority of the cells (49%) had a

diploid chromosome number (2N = 50) (Fig. 9a

and b).

PCR for confirmation of origin of CTM cell line

Amplification of the COI and 16S rRNA genes

yielded PCR products of ~700 and ~600 bp,

respectively, from the cell line as well as C. catla

muscle. The sequenced fragments of COI and 16S

rRNA genes from CTM cells and catla muscle

showed a 100% homology. The gene sequences
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Figure 6 Neutral red uptake assay; CTM cells were

exposed to a range of concentrations of mercuric chlo-

ride (1.95–250 lM) for 24 h followed by incubation

with neutral red medium for 2 h. (a) decrease in

uptake of neutral red was evident with increasing con-

centration of mercuric oxide.

(a)

(b)

Figure 7 Catla thymus macrophage (CTM) cell line

response to Aphanomyces invadans spores. (a) CTM cells

showed aggregation around germinating spore,

(b) Non-uniform adherence of cultured cells to A. inva-

dans hypha.
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also showed 99% homology to known C. catla

mitochondrial DNA sequences in the GenBank.

The gene sequences from CTM cell line have been

submitted to NCBI GenBank (GenBank accession

number: JQ236669 and JQ236668).

Discussion

In this study, cell culture was initiated from ex-

plants of thymus of C. catla. The cells migrated

from these explants and grew well, and formed a

monolayer in about 2-week’s period. Primary

culture was heterogeneous as it consisted of

epithelial and fibroblast-like cells. However, the

(a) (b)

Figure 8 Comparative analysis of DNA content of CTM cells at 24 h (a) and 48 h (b) with the peaks marked on

the x-axis. The large peak depicts cells in G0–G1 phase and the smaller peak represents the cell population in G2–M

phase, whereas, intervening CTM cell population is in S-phase.

Table 1 Frequency distribution of the stages of cell cycle

determined using flow cytometry at 24 and 48 h for the

CTM cell line

Days Dip Go-G1 Dip G1-M %CV Total S-phase

1 58.16 12.03 6.8 29.81

2 77.65 11.58 5.1 10.77

Figure 9 Karyotype analysis of CTM cells; (a) Metaphase chromosome numbers of CTM cells at passage 25.

(b) Karyotype of CTM cells indicates 25 pairs of chromosomes.

© 2012 John Wiley & Sons Ltd, Aquaculture Research, 45, 299–311 307

Aquaculture Research, 2014, 45, 299–311 A macrophage cell line from thymus of catla D K Chaudhary et al.



fibroblast-like cells grew faster in subsequent pas-

sages, and these cells detached quickly in sheets

on trypsinization. These fibroblast-like cells were

subsequently identified to be of macrophage line-

age by a series of functional tests. It has been

reported that macrophages are exceptionally heter-

ogeneous morphologically and can look like lym-

phocytes, fibroblasts, dendritic cells, primitive

mesenchymal cells or any number of more esoteric

cell types (Wood 1985). The earlier fish macro-

phage cell lines are reported to have macrophage-

like (Vallejo, Ellsaesser, Miller & Clem 1991; Wa-

tanabe, Shoho, Ohta, Kubo, Kono & Furukawa

1997; Weyts, Rombout & Verburg-Kemenade

1997) or fibroblast-like morphology (Dewitte-Orr,

Lepic, Bryson, Walsh, Lee & Bols 2006). The only

reported thymus cell lines developed from common

carp (KoT) and ginbuna (GTS6 and GTS9) have

fibroblast-like morphology (Katakura et al. 2009),

but these have not been characterized. The dense

centres observed in older cultures have also been

reported previously in a continuous cell line, PBLE,

from an American eel (Dewitte-Orr et al. 2006).

The feasibility of cryopreservation of CTM cell line

was demonstrated by 84.6 ± 3.21% cell viability

after thawing and it was comparable with that

reported earlier for many fish cell lines (Ishaq

Ahmed et al. 2009; Swaminathan et al. 2011).

The optimum growth of CTM cells was observed

at 30°C. A number of cell lines derived from carps

and other fish are known to grow best at 28–30°C
(Ishaq Ahmed et al. 2009; Ku, Teng, Wang & Lu

2009). Ossum, Hoffmann, Vijayan, Holt and Bols

(2004) also reported that cells from warmwater

fish can grow at 15–37°C incubation temperature,

with 25–35°C as the optimal range. The maxi-

mum growth of cells was observed in L-15 med-

ium supplemented with 20% FBS. However, even

10% FBS concentration in L-15 medium also

resulted in relatively good growth, and hence, can

be used for growth and maintenance of this cell

line at low cost.

The CTM cells showed avid phagocytosis of

yeast cells and latex beads. Thymic macrophages

are known to exhibit immune and non-immune

phagocytosis under in vitro conditions (Gallily &

Savion 1983) and this characteristic is important

for their role as professional antigen presenting

cells. Macrophage phagocytosis has also been used

as an immunological parameter to evaluate the

health/immune function of different fish species

under different biotic and abiotic factors (Jensch-

Junior et al. 2006).

Catla thymus macrophage cells produced maxi-

mum amount of nitric oxide upon stimulation

with 20 lg mL�1 LPS. The nitric oxide activity of

fish macrophages has been demonstrated previ-

ously in goldfish (Neumann, Stafford & Belosevic

2000; Stafford, Galvez, Goss & Belosevic 2002).

The ability of fish macrophages to synthesize nitric

oxide suggests that they share same effector mole-

cules for microbicidal and tumoricidal activities

with mammalian macrophages. In this study, thy-

mic macrophage cell line produced higher reactive

oxygen species in response to PMA and LPS, as

measured by NBT reduction. The respiratory burst

of phagocytes has been intensively studied in

mammals and has been demonstrated in many

fish species, including common carp (Weyts et al.

1997), goldfish (Wang et al. 1995) and rainbow

trout (Ganassin & Bols 1998).

Culture supernatant from CTM cells showed

lysozyme-like activity against Micrococcus lys-

odeikticus, a Gram-positive bacterium. Priming of

CTM cells with LPS resulted in increase in lyso-

zyme activity. Spontaneous lysozyme synthesis

and secretion has been reported for many estab-

lished macrophage cell lines (Ganassin & Bols

1998). The lysozyme concentration in culture

supernatant of untreated wells falls within the

normal range reported for catla serum (Saurabh &

Sahoo 2008).

Fc receptors are a protein found on the surface

of certain cells, including natural killer cells, mac-

rophages, neutrophils and mast cells. The Fc

receptors bind to the constant Fc portion of anti-

bodies and allow FcR-bearing cells to trigger

responses to immune complexes composed of anti-

gens and antibodies. Fc receptors were demon-

strated on CTM cells using indirect fluorescent

antibody test. The FcR are also an important char-

acteristic of thymic macrophages (Yashihara et al.

1995), and have been demonstrated earlier in red

sea bream macrophages (Watanabe et al. 1997).

The cultured cells were positive for alpha-naphthyl

acetate esterase. Esterase staining is regarded as

the most reliable cytochemical marker for mam-

malian macrophages, including thymic macro-

phages (Kaplow 1981; Gallily & Savion 1983).

Similarly, macrophages from fish species have also

been found to be positive for esterase (Jørgensen,

Lunde & Robertsen 1993; Wang et al. 1995).
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The NR uptake assay is one of the most used

cytotoxicity tests and the inhibition of neutral red

uptake in cultured fish cells is considered as a

valuable tool for in vitro toxicity testing of a num-

ber of chemicals (Brandao, Bohets, Van De Vyver

& Dierickx 1992). In this experiment, lysosomal

integrity of the cultured cells appeared to have

been affected following incubation with L-15 med-

ium containing mercuric chloride and this was

evidenced by concentration-dependent decrease in

uptake of neutral red by CTM cells. Therefore,

CTM cell line can be used for in vitro screening of

a wide variety of chemicals for cytotoxicity, and

hence , can be a useful surrogate for fish in toxic-

ity screening. The effects of mercury chloride on

the function and integrity of sea bass head kidney

macrophages have been studied earlier (Sarmento,

Guilhermino & Afonso 2004).

Catla thymus macrophage cell line demon-

strated cell adhesion to spores of A. invadans, caus-

ative agent of epizootic ulcerative syndrome. The

CTM cells were not able to inhibit the germination

of zoospores. Previously, no germination of spores

or growth of hyphae was observed when low con-

centration of spores (102–103 mL�1) was added to

macrophage monolayers from head kidney of rain-

bow trout (Thompson, Lilley, Chen, Adams &

Richards 1999). This can be due to species differ-

ences, but more studies are required to reach a

definitive conclusion. Catla thymus macrophage

cells also showed aggregation at certain sites of

the growing hyphae of the oomycete as reported

earlier (Kales, DeWitte-Orr, Bols & Dixon 2007). It

has been suggested that areas of adherence may

contain lipid-like fungal components consisting of

diacetylated urea, which have been previously iso-

lated from yeasts and shown to induce neutrophil

adherence and degranulation (Schroder, Hasler,

Grabowsky, Kahlke & Mallet 2002). The cytotoxic-

ity due to presence of potential oomycete toxins

was not evident in CTM cell monolayer as cell via-

bility was not affected by oomycete overgrowth.

The relative percentage of CTM cells in the G0–

G1, S and G2-M stages was determined using flow

cytometry. At 48 h, low percentage of cells was

observed in S-phase. It indicated that culture was

approaching confluence and as a result, higher

percentage of cells was observed in G0–G1 phase.

The diploid cell population as observed in this

study can be of interest for cytogenetic studies.

The karyotyping revealed a diploid chromosomal

count of 50 in majority of cells, which has been

documented in literature for this species (Patel,

Das, Barat & Sarangi 2009). This also indicates

that CTM cells are normal catla cells. The abnor-

mal chromosome number in a low percentage of

CTM cells could be possibly due to loss of chromo-

somes or additions from nearby cells during karyo-

type preparation (Swaminathan, Lakra,

Gopalakrishnan, Basheer, Kushwaha & Sajeela

2010). The origin of the CTM cell line was further

authenticated by partial amplification and

sequencing of two mitochondrial genes viz. COI

and 16S rRNA of the C. catla. The mitochondrial

16S rRNA, 12S rRNA and COI gene sequence

alignment has been used as reliable molecular

method to accurately identify the origin of cell

lines of many fish species, such as catla (Ishaq

Ahmed et al. 2009), grouper (Ku et al. 2009),

pearlspot (Swaminathan et al. 2010) and red-line

torpedo (Swaminathan et al. 2011).

The CTM cell line can help in developing and

characterizing macrophage cell markers and can

be a potential source of macrophage signal pep-

tides. Further, this cell line can be a useful tool to

evaluate the role of thymic macrophages in thy-

mocyte differentiation and maturation.
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