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Chapter 2.1

Effect of variation in amniotic fluid
specimens and of type of culture
medium on culture time and number
of cell clones of primary in-situ
cultures of amniocytes

B.Sikkema-Raddatz, R.Suijkerbuijk, K.Bouman, C.H.C.M. Buys, G.J. te Meerman

Department of Medical Genetics, University of Groningen, The Netherlands
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Normally, the specimens obtained consist of clear amniotic fluid, but sometimes

admixture of blood causes a bloody or brown appearance. It is speculated that this

might adversely influence cell culture quality as measured by the number of cell

clones and the total culture time (Seguin et al., 1983). Other factors that may affect

the quality of the cell culture are the experience of the gynaecologist performing

the amniocentesis, the gestational age at amniocentesis and the culture medium.

However, for none of these parameters the influence on cell culture quality has

been systematically investigated. Therefore, we retrospectively investigated the

effect of these parameters on the outcome of our standard AF cell culture

procedure for a period of one year by analysis of variance.

2.1.3 Materials and Methods
Culture procedure

Per patient approximately 16 ml AF was drawn and divided over two tubes. The

volume of AF was measured, the appearance was categorised as clear, containing

some blood, bloody or brown. After centrifugation the height of the pellet in a 15 ml

conical-based tube was ranked as small (< 1mm), normal (1 – 4 mm) or large

(>4mm). Amniotic fluid cells were cultured according to the in-situ method on 30

mm coverslips in 35 mm Petri dishes under 5% CO2 at 37 0C. From each tube two

cultures were started, using two different types of culture media. In one system

Amniomax (Invitrogen – Life Technologies, Breda, The Netherlands) from three

different lots was used. In the other system Amniochrome (Cambrex Company,

Verviers, Belgium) was used pure as well as diluted with foetal calf serum and α-

MEM (Cambrex Company, Verviers, Belgium). The latter system included three

different lots of Amniochrome and three different lots of serum. In total we have

used seven different compositions of culture medium by combining each lot of

Amniochrome with two different lots of serum and one lot of pure Amniochrome.

The medium was changed after 5 or 6 days and the cultures were checked

for cell growth under a phase contrast microscope (Zeiss, Germany). The number
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2.1.1 Abstract

For a series of 579 consecutive amniotic fluid (AF) specimens received for prenatal

cytogenetic analysis within a year, we registered for each specimen the following

parameters: the indication for amniocentesis, which gynaecologist performed the

amniocentesis, the gestational age at amniocentesis, the volume and the sample

appearance (clear, with some blood, bloody or brown), the size of the cell pellet,

the lot and type of culture medium and the number of cell clones observed at the

first check after 5 or 6 days of culturing. Slides for cytogenetic analysis were made

when about 80% of the cell clones reached a medium size. The number of days

between initiation and end of the culture (total culture time) was registered, as was

the result of the cytogenetic analysis. The total number of clones at first inspection

and the total culture time as measures of cell culture quality were used as

dependent parameters. The influence of these parameters on cell culture quality

was statistically analysed by analysis of variance. The number of clones is

significantly influenced by the variability of admitted AF (volume, size of the pellet,

appearance). However, provided that at least 0.8 ml AF per culture dish is

admitted, this variability will in general not affect the procedure, since the number

of clones routinely found exceeds the number considered as minimal for a reliable

cytogenetic diagnosis. Culture time is only influenced by the type of culture

medium and the appearance of AF.  Bloody or brown AF increased the culture

time, from on average 8.7 days to 11.5 days.

2.1.2 Introduction

Prenatal cytogenetic diagnosis by amniocentesis requires cell culture from amniotic

fluid (AF). The success rate of AF cell culture has dramatically increased over the

years, so that culture failure currently occurs in no more than 0.5% of the cases

(Lam et al., 1998). Introduction of the in situ method and optimisation of culture

media (Chang et al., 1982) have strongly reduced the time required for cytogenetic

diagnosis. The volume of the admitted AF specimen is rarely critical, as 3.2 ml

appear sufficient for a reliable cytogenetic diagnosis (Sikkema et al., 2002).
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of clones was counted and the size of the clones was classified as "a cell group"

(from a minimum of 5 cells up to 50 cells), "medium" (more than 50 cells, but all

cells visible within one view at 65x magnification) and "large" (not all cells visible

within one view at 65x magnification). Cultures were checked every other day and

prepared for analysis of mitotic cells when about 80% of the clones were of

medium size. One of the four cultures per patient was not prepared for analysis

and kept as back-up until a chromosomal diagnosis was obtained.

Data registration

Data from 579 AF samples, received in a one-year period, were stored in a

datafile, with as independent variables per culture:

- gynaecologist who performed amniocentesis (N=9)

- indication for amniocentesis

- weeks of gestation (14 – 36 weeks)

- volume of AF from each tube (2ml – 15 ml )

- appearance of the AF (clear, some blood, bloody, brown)

- height of the pellet after centrifugation (small: < 1mm, cells yet visible; normal:

1 - 4mm; large: > 4mm in a 15 ml conical-based tube)

- culture medium: type and lot number of medium and serum

- chromosomal diagnosis

As dependent variables we used:

- the total number of clones at the first check (after 5 or 6 days of culture)

- total culture time (time between initiation of culture and preparation for

analysis)
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Statistical analysis

Cell culture quality was defined per specimen as the total number of clones at the

first check and as the total culture time. For both parameters, analysis of variance

was used to assess the influence of the admitted AF, the gynaecologist and the

composition and lot of the culture medium. The data were analysed in SPSS10.

Analysis of variance and regression was used to assess the quantitative effect of

the different parameters.

2.1.4 Results
Variance in the number of clones after the first check

The variance in the total number of clones at the first check is minor, but

significantly influenced by the diversity of the admitted AF (Table 1a). The same

result was calculated for the total number of clones. Of the variance of the number

of clones after the first check 4.7 % is explained by which gynaecologist performed

the amniocentesis.  Different appearance of AF resulted in about 3% of the

variance in the number of clones.  Size of the pellet and volume of AF explained

approximately 1.5% of the variance in the number of clones, whereas duration of

gestation had no significant influence. The total number of clones was significantly

different between the different lots of culture media, explaining up to 4.5% of the

variance (Table 1b). There was no significant difference in the total number of

clones between the different types of culture medium.
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Table 1a: Separate effect analysis of variance for the number of clones on the
diversity of the admitted amniotic fluid

 Effect Explained
variance

(%)

Sum of
squares

DF Mean
square

F ratio P (two
tailed)

gynaecologist 4.7 3746.3 6 624.4 6.4 0.00

Error 79070.9 782 97.1

weeks of gestation 0.4 328.9 1 328.9 3.3 0.072

Error 76643.6 756 101.1

volume of AF 1.3 1045.1 2 522.6 5.2 0.006

Error 79070.9 782 100.0

size of the pellet 1.4 1084.8 2 542.4 5.4 0.005

Error 79070.9 782 99.9

appearance of the AF 2.9 2283.2 2 1141.6 11.6 0.00

Error 79070.9 782 98.4

Table 1b: Analysis of variance for the total number of clones on different lots and
types of medium

Effect Explained
variance

(%)

Sum of
squares

DF Mean
square

F
ratio

P (two
tailed)

Amniomax versus
Amniochrome with serum 1.60 401.6 1 401.6 3.9 0.048

Error 24471.2 241 101.5

Amniomax (different
batches) 3.50 3326.4 2 1663.2 14.9 0.00

Error 102291.4 919 111.3

Amniochrome (different
batches with/without
serum)

4.50 4734.2 6 789.0 7.2 0.00

Error 100883.6 915 110.3

Amniochrome pure versus
Amniochrome with serum 2.10 2193.1 1 2193.1 19.5 0.00

Error 103424.7 920 112.4
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Variance in the total culture time

Approximately 14% of the variance in culture time is explained by the appearance

of the AF (Table 2). For bloody or brown AF (Table 3) three extra days of culturing

appeared necessary. Although the culture time became extended, the appearance

of AF had a minor influence on the number of clones.

About 6 % of variance in culture time is explained by duration of gestation

(Table 2). However, this effect is minor, as it appears statistically to be not

significant. We received 40 AF samples drawn after 24 weeks of gestation. After

sub-grouping the duration of gestation in less or more than 24 weeks, effects on

culture time and on number of clones were still not significant, though a minor

increase in culture time was detectable: 9.2 days for specimens taken after 24

weeks of gestation versus 8.5 days for specimens taken before 24 weeks of

gestations. The reason for amniocentesis for the specimens taken after 24 weeks

of gestation, were ultrasound abnormalities. Ten of them were chromosomally

abnormal and in one case a total culture failure occurred.

Of all the 579 specimens, 36 showed an abnormal karyotype (29 with unbalanced

and 7 with balanced abnormalities). Culture time appeared not to be influenced by

an abnormal chromosomal diagnosis (2% of the variance explained, statistically

not significant; data not shown).
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Table 2: Single effect analysis of variance for the total culture time on the diversity
of the admitted amniotic fluid

Effect Explained
variance

(%)

Sum of
squares

DF Mean
square

F ratio P (two
tailed)

gynaecologist 4.75 52.1 8 6.5 2.3 0.021

Error 1044.3 367 2.8

weeks of
gestation

6.10 66.8 21 3.2 1.1 0.351

Error 1029.5 354 2.9

volume of AF 5.30 57.9 13 4.5 1.6 0.097

Error 1038.5 362 2.9

size of the pellet 1.80 20.1 3 6.7 2.3 0.075

Error 1076.3 372 2.9

appearance of
the AF 14.0 151.6 4 37.9 14.9 0.00

Error 944.8 371 2.5

Table 3: Mean effects on culture time

Appearance of amniotic fluid Number of samples Culture time in

days (±SD)
clear 264 8.68 (± 1.4)

some blood 71 8.64 (± 1.2)

bloody 28 10.35 (± 3.1)

brown 11 11.45 (± 2.4)

SD, Standard deviation

A significant difference in culture time was present related to the type of

medium (Table 4), which explained 2.6% of the variance. This resulted in a one-

day delay in culture time for Amniochrome diluted with foetal calf serum and α-

MEM compared with Amniomax (Table 5). Therefore, more cultures were

harvested from the culture system with Amniomax. The total culture time is not

influenced by a lot effect for different batches of medium (Table 4).
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Table 4: Analysis of variance for the total culture time on different lots and types of
medium

Effect Explained
variance

(%)

Sum of
squares

DF Mean
square

F ratio P (two
tailed)

Amniomax versus
Amniochrome with
serum

2.6 55.3 1 55.3 23.6 0.000

Error 1999.3 852 2.3

Amniomax (different
batches) 0.6 7.1 2 3.5 1.2 0.301

Error 1089.3 372 2.9

Amniochrome
(different batches
with/without serum)

1.5 16.7 6 2.8 0.9 0.461

Error 1079.7 368 2.9

Amniochrome pure
versus Amniochrome
with serum

0.1 1.0 1 1.0 0.3 0.566

Error 1095.4 373 2.9

Table 5: Comparison between culture media

Amniomax     Amniochrome with serum

Average culture time
(days ±SD) 8.45 (± 2.1) 8.88 (± 1.7)

No. of harvested slides 478 376

Number of clones (±SD) 18.95 (± 9.5) 17.22 (± 11.0)

No. of clones at day 5 (±SD) 11.9 (± 7.5) 9.99 (± 7.6)

No. of clones at day 7 (±SD) 21.8 (± 9.5) 21.25 (± 12.7)

No. of clones at day 8 (±SD) 18.5 (± 8.5) 17.9 (± 8.1)

Growth maximum at day 7 day 8

SD, standard deviation
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2.1.5 Discussion

In this study we have systematically examined the influence of differences in AF

sample characteristics and culture medium on cell culture quality. For admitted AF,

bloody or brown AF had a significant effect (14% explained variance) on culture

time. Seguin et al. (1983) suggested from their results that bloody or brown AF

inhibited cell growth by restriction of clone size. Chang and Jones (1991) showed

that a grossly bloody specimen could inhibit growth by 30 percent. Our results

show that bloody or brown AF delayed the growth for three days. However, the

number of clones was minimally affected.

The volume of AF did not affect total culture time and affected the number

of clones to only a minimal extent. Our former results (Sikkema et al, 2002) already

demonstrated that the same number of clones resulted from 0.8 ml to 1.5 ml of AF

per in-situ dish as from using 5 ml or more. Seguin et al. (1983) determined that

the inoculating concentration of cells which was most efficient corresponded to

about 0.8 to 2.5 ml AF for flask cultures. They found that for producing clones small

sample volumes are more efficient. This saturation effect might explain the fact that

only small differences were measured in our results, since the minimal amount of

AF received was 2 ml.

The gestational age at amniocentesis had no influence on culture quality. This is in

line with results of Elejalde et al. (1990). Although the total number of cells

increases with gestational age, the number of viable cells decreases and only a

fraction of these cells is forming clones. According to our results, the size of the

pellet correlated positively with the duration of gestation. We therefore conclude,

that the number of clone-forming cells remains stable during the second and third

trimester of gestation.

Reports in the literature (Reid et al., 1996; Persutte et al., 1995) suggest an

association between culture failure and karyotype abnormality. Among our cases

there was only a single case of culture failure (IUGR at 35 weeks, karyotype in

fibroblasts 46,XY, del(4p)).  Because of this near absence of failures, the

association could not be investigated in this study. We therefore measured the
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variance in culture time for patients with normal and abnormal chromosomal

diagnosis. Since we did not find any difference between these two groups, we

conclude that culture delay or even culture failures are not associated with

chromosomal abnormalities. Lam et al. (1998) conclude that rather than being

associated with an abnormal karyotype, culture failure is associated with foetal

structural defects found by ultrasound in advanced pregnancies. Our results are in

line with these data. Although there was no significant variance in culture time

before or after 24 weeks of gestation, culture time was delayed to a minor extent in

the group of patients with AF sampling after 24 weeks. All of them had foetal

abnormalities at ultrasound. An abnormal karyotype occurred in 25%.

The number of clones was only slightly affected under all investigated

conditions. Obviously, the quality of AF culture medium has been so much

optimised by enrichment with growth factors (Chang et al., 1985) that when a

minimum of AF is cultured, most of the living cells in the fluid develop into a clone.

This idea is supported by experiments of Chang and Jones (1991) in which growth

saturation occurred after enrichment of culture medium with cell attachment

factors.

For the type of culture medium a significant difference in culture time was

found between Amniomax and Amniochrome (with serum). For Amniochrome, one

day delay of culture time was measured. Since the exact compositions of the

culture media are not available, we cannot identify what causes this difference.

Although culture time for Amniochrome is extended, we keep using this medium in

our routine diagnostic procedures in order to have two different and independent

culture systems, thus contributing to the overall reliability of the diagnosis.

In summary, current procedures of amniocentesis and of culturing of

amniocytes are sufficient for a reliable and consistent culture quality. The number

of clones is significantly influenced by the variability of admitted AF (volume, size of

the pellet), but provided that at least 0.8 ml AF per culture dish is admitted, this is

hardly of importance since the number of clones generally exceeds the number

considered as minimal for a reliable cytogenetic diagnosis. Culture time is only
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influenced by the type of culture medium and the appearance of AF.  Bloody or

brown AF increases culture time for three days.
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Chapter 2.2
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reliable prenatal cytogenetic diagnosis
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Letter to the editor:

Second trimester amniocentesis and amniotic fluid (AF) culture is a well-known

method of prenatal cytogenetic diagnosis. Introduction of the in situ method and

optimised culture media has strongly reduced the culture time. In addition, culture

failures have been reduced to less than 0.5%. In current amniocentesis practice,

20 ml AF is drawn for prenatal cytogenetic diagnosis and usually at least three

cultures are established from this volume (Priest and Rao, 1997). However, in a

published amniocentesis series (Winsor et al.,1999), a volume of less than 8 ml

was obtained in 13% of the cases. Repeated amniocentesis is recommended when

less than 5 ml of AF is obtained (Priest and Rao, 1997).

 This prompted us to investigate the minimal volume of AF required for a

reliable diagnosis, in order that repeated amniocentesis can be avoided.

In a pilot study we pippetted directly 0.25 ml, 0.50 ml, 0.75 ml, 1.0 ml and

1.5 ml AF of five different samples on Ø30 mm coverslips in Ø35 mm Petri dishes

and immediately added 2 ml of culture medium (Amniomax TM C-100, Life

Technologies B.V., The Netherlands). It appeared that from a volume of 0.25 ml AF

only one or two clones developed. A volume of 0.75 ml yielded more clones, but

fewer than eight, too few for a reliable diagnosis.

Therefore, volumes of 0.8 ml, 1.0 ml and 1.5 ml of AF were used for

culturing on Ø30 mm coverslips in Ø35 mm Petri dishes. From each of 12 samples,

randomly chosen within a certain time interval, these various volumes were directly

pipetted onto coverslips and 2 ml culture medium (Amniomax TM C-100, Life

Technologies) was immediately added. As a control, our standard procedure was

used, in which four cultures with an equivalent of about 5 ml AF are established.

Briefly, approximately 20 ml of AF is collected in two tubes and centrifuged at 1000

rpm for 10 min. Supernatants are removed until a volume of 0.3 ml remains. Then,

0.5 ml culture medium (Amniomax TM C-100, Life Technologies) is added. The mix

per tube is divided over two Ø35 mm Petri dishes containing Ø30 mm coverslips.

The following day, 2 ml medium is added to the culture.



Cell culture of amniotic fluid cells

B.Sikkemaproefschrift2.doc

 51

In order to exclude changes in the proportion of AF and culture medium, a

second series of 0.8 ml, 1.0 ml and 1.5 ml volumes from 12 other AF samples was

studied. After centrifugation at 1000 rpm for 10 min, supernatants were removed

until a volume of 0.8 ml remained. This was pipetted onto Ø30 mm coverslips in

Ø35 mm Petri dishes. Than 2 ml culture medium was added. As a control, about 5

ml of AF was centrifuged as described earlier. The supernatant was removed until

0.8 ml remained. This was pipetted directly on a coverslip and 2 ml culture medium

was added.

After 6 days, both test and standard cultures were blindly checked for cell

growth. Based upon the number of clones, the appropriate day for in-situ

cytogenetic analysis was determined.

In both series we found on average 14 clones per Petri dish with 0.8 ml AF

(Table 1), sufficient for chromosomal diagnosis. Although the proportion of AF and

culture medium differed between the two series, this did not affect the number of

resulting clones. The appropriate day for analysis, however, varied with the amount

of AF. Culturing of 1.5 ml AF was comparable with the standard procedure,

whereas culturing of 0.8 ml resulted in a delay of two days for the appropriate day

for analysis.

The reliability of cytogenetic diagnosis was confirmed in a series of 52 samples. On

average 13 ±6 clones were obtained that could be analysed at Day 11 (controls

16±5 clones at Day 9). No culture failure was obtained.
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Table 1: Number of clones and appropriate day of analyses resulting from different

volumes of amniotic fluid (AF)

AF (ml) Culturing with different end
volumes  (n= 12)

Culturing with a fixed end volume
(n= 12)

Number of
clones (SD)

Day of analyses
(SD)

Number of clones
(SD)

Day of analyses
(SD)

0.8 14  (±7.6) 11.4 (±1.8) 14  (±7.2) 12.1 (±1.6)

1.0 16  (±5.1) 11.3 (±1.8) 14  (±5.7) 11.3 (±1.7)

1.5 16  (±3.7) 11.5 (±1.5) 17  (±7.5)   9.9 (±1.6)

Control
(approximately
5ml)

15  (±5.6)  8.6  (±0.7) 18  (±4.9)   9.0 (±0.8)

SD, standard deviation; n, number of samples

Whereas Richkind and Risch (1990) obtained on average no more than

two clones per millilitre of AF, about four times more cells grew out to analysable

clones under our much more marginal conditions. The finding that an

approximately equal number of clones grow from about 1ml AF in the present

experiments and from 5 ml in the standard procedure might be attributed to an

inhibitory effect. Substances derived from dead cells, present in the amniotic fluid,

might inhibit the viable cells to grow out to clones. This effect would be stronger

when a higher number of dead cells is present.

The present study shows that using four cultures per diagnosis, repeated

amniocentesis will not be necessary as long as more than 3.2 ml (4x 0.8 ml) of AF

is available. Since the number of clones obtained in second trimester

amniocentesis in the present experiments is comparable to the number obtained

per millilitre in early amniocentesis as reported by Kennerknecht et al. (1992), it

might be worthwhile investigating the feasibility of also performing early diagnosis

with smaller volumes of AF.
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2.3.1 Abstract

We have developed an absolute procedure to test the performance of culture

medium in amniotic fluid in-situ cell cultures. By reducing the concentration of

medium until a 50% growth reduction was achieved, we expect that under these

sub-optimal conditions differences in culture quality will be more pronounced

(stress testing). Our test system is based on three cultures of primary amniotic fluid

(AF) cells from each of 10 individual patients (a total of 30 cultures), initiated with

medium diluted to a 30% end concentration.  Absolute thresholds for acceptance

or rejection of new lots of medium were determined from 174 individual in-situ

cultures with different types of medium. We set the threshold for acceptance to at

least 22 successful cultures out of 30 and to an average number of 3 clones or

more. With these criteria the test system has a probability of less than 0.01 of false

rejection of a good lot of medium and sufficient power to detect downward

deviations in quality. We verified the validity of our stress testing system by

evaluating the effects of decreased oxygen tension during culturing and found that

decreased oxygen tension leads to an increase of the size of a clone and the

number of cells it contains, but with minimal effect on the number of clones only.

Maximal increase in cell number was observed under 5% oxygen tension

measured by growth curves.

2.3.2 Introduction

The quality of culture medium is crucial for the success and speed of a prenatal

chromosomal diagnosis. A milestone in AF cell culture was the introduction of

media supplemented with growth factors by Chang et al. (1982). The quality of the

cell cultures increased dramatically; the culture time was reduced from 20.3 days

to 12.8 days and culture failure from 1.53% to 0.33% (Salk et al., 1983). Each type

of AF cell culture medium contains a certain amount of serum, either included in a

commercial medium or added separately to a basic culture medium. The growth

potential of serum can vary between different lots (Pye, 1975), because serum

contains a complex mixture of growth promoting factors, since it is produced in

vivo. To maintain cell culture quality and to avoid culture failures, each lot of serum
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and medium has to be tested for its growth potential (Priest and Rao, 1997). This is

particularly important in prenatal cytogenetic diagnosis, in which repeated

amniocentesis needs to be avoided.

To date, use of parallel cultures with new and old medium is the recommended

procedure (Priest and Rao, 1997). In our laboratory, growth of pooled secondary

AF cell cultures is compared between new and old medium by making growth

curves over several days. A new lot is only introduced in routine diagnostic practice

if growth in the new medium is better than or approximately equal to that in the old

medium. This type of testing is in principle subject to drift. It also may not yield the

most relevant quality indication, as the test is based on cells that have been in

culture already. We, therefore, wanted to develop an absolute test for primary AF

in-situ cell cultures which could be applied to left-over small fractions of patient

samples. Among individual AF cell cultures there is a high variability in number of

clones and culture time to harvest. The growth potential of serum is in particular

important for cultures with a minimal number of clones and slow growth.

Our absolute test for primary AF cell cultures should have fixed thresholds,

defined as a minimal number of clones and a minimal number of successful

cultures after certain days. Our starting point for developing the test is that

differences in quality of culture medium might be better detectable under sub-

optimal conditions, i.e. stress testing. The criterion for rejection should then be

based on the observed variability in culture success and number of clones, such

that false rejection should occur only rarely, e.g. in 1% of cases. Here we describe

the successful development of such a test. Our stress testing procedure is not only

suitable for testing the growth potential of culture medium, but can also be used to

investigate the influence on growth potential of any other factor involved in cell

culture. As an example we demonstrate its application to monitor the influence of

decreased oxygen tension on growth potential during culturing.
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2.3.3 Materials and Methods
Stress testing

Amniotic fluid was obtained by second trimester amniocentesis between 15 weeks

and 20 weeks of gestation. Routine primary in situ cultures of AF cells were

initiated, leaving a small fraction (approximately 2.5ml) of the AF for stress testing.

We evaluated the effect of the following forms of different potential stress:

- Storage of AF; before culturing, AF was stored for 2 days at room temperature

(RT) or at 40C or AF was centrifuged and the pellet resuspended in PBS. This

mixture was stored either at RT or at 40C.

- Heat shock; before culturing, the received AF was placed in a waterbath at 400C

for 30 min or 60 min.

Storing or heat shock of AF before culturing showed no growth reduction (results

not shown).

- Dilution of culture medium; in order to have a comparable quality of AF in different

tests, pooled AF was used. A pool consisted of AF from at least three different

patients. This enabled us to test several conditions within a short time. In a first

series of experiments ten cultures were established from pooled AF. Culture

medium was diluted with PBS to end concentrations of 20%, 40%, 60% and 80%,

respectively.

Primary AF cell cultures were initiated from 0.8 ml AF and supplied with 2

ml diluted culture medium as described previously (Sikkema et al., 2002). Cultures

initiated with undiluted medium served as controls. Culture medium was refreshed

on days 6 and 8. The number of clones was counted under a phase contrast

microscope on days 6, 8 and 10 and compared with control cultures. The size of

the clones was classified as a " cell group" (from a minimum of 5 cells up to 50

cells), "medium" (more than 50 cells, but all cells visible within one view at 65x

magnification) and "large" (not all cells visible within one view at 65x magnification).

Growth reduction was defined as the reduction of the number of clones compared

with that in control cultures.
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Finally, to obtain a good estimate of dilutions resulting in approximately 50%

growth reduction, end concentrations of culture medium of 60% and 30% were

tested with AF from 18 different pools (54 cultures).

Stress testing and determining thresholds for individual AF cell cultures

AF was used from all individuals from whom a minimum of 18ml fluid was received.

Experimental series, consisting of three cultures from each of 10 individual

patients, were initiated with 0.8 ml AF supplied with 2ml culture medium diluted to

an end concentration of 30%. Amniomax C-100 TM (Invitrogen  –  Life

Technologies, Breda, The Netherlands) and different lots of Amniochrome

(Cambrex Company, Verviers, Belgium) were tested. Media had been accepted

previously through growth curve testing and used in our routine diagnostic practice.

For acceptance or rejection of new lots of serum or medium, absolute thresholds

are defined as a minimal average number of clones and a minimal number of

successful cultures at 8 days. In total, six different series of 30 cultures resulting in

180 individual cultures were used. Six cultures were excluded from analysis

because of non-clonal growth of rapidly adhering cells. This left 174 cultures. The

number of clones was counted on days 6 and 8 and the number of successful

cultures was determined on day 8. Routine AF cell cultures from the same patients

served as a control for failures not due to stress testing. No culture failures were

observed under normal conditions. For validation of the thresholds, other media

with different growth potential were equally stress tested (Table 1). Medium with

known inferior quality as determined by growth curve testing (F10 supplemented

with 20% foetal calf serum), medium of unknown quality (Amniochrome 4MB0020)

and medium accepted in our routine practice were used in stress testing.
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Growth curve testing

The growth curve is used to compare a new lot of medium with the lot in use and is

based on secondary AFC cultures. About 14 days after initiating routine (primary)

cultures, five different back-up cultures are trypsinised. Cell suspensions of these

cultures are pooled and the number of cells is counted on a cell counter (Sysmex

F-820, Charles Goffin, Tiel, The Netherlands). The suspension is split to initiate 24

secondary cultures, of which12 are cultured on a new lot of medium and the other

12 on the lot in use. The medium is changed on day 6. Three cultures of each lot

are harvested on days 5, 6, 7 and 8. The number of cells in each culture is counted

and the mean and standard deviation is calculated. The new lot of medium is only

introduced into routine diagnostic practice if growth of the new lot is equal (within 1

standard deviation) or better than the lot in use. This indicates that drift of the

acceptance criterion towards higher and eventually insurmountable thresholds may

occur, as well as gradual worsening of quality.

Stress testing of decreased oxygen tension during culturing

The decreased oxygen tension was set at 2.5% and 5%, compared to the normal,

approximately 20% in the atmosphere. Stress testing was performed as described

before with individual AF cell cultures at 370C and a CO2 concentration of 5% in a

waterjacketed CO2 incubator (Forma Scientific, Thermo Electron Corporation,

USA). Parallel cultures from the same individuals were incubated at standard

atmospheric (20%) oxygen in a Steri- Cycle CO2 incubator.

A single lot number of Amniochrome, previously accepted in the routine, was used

for all cultures. The number of clones grown under 2.5% and 5% oxygen tension

was counted on days 6 and 8 and compared with the number of clones from

control cultures. Furthermore, growth curves were initiated as described before at

2.5%, 5%, and 10% and 20% oxygen tension (control condition), respectively, with

undiluted medium and with medium diluted to an end concentration of 30%. The

number of cells was counted and compared with the number of cells grown under

the control condition. To test for possible differences in growth potential between
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both incubators, a series of 30 parallel cultures was initiated. No significant

differences in number of clones and/ or number of successful cultures were

detected.

2.3.4 Results
Medium dilution as stress condition

Dilution of culture medium resulted in a proportional reduction of growth. In a series

of 18 pools (56 cultures), a 50% growth reduction was achieved at a dilution of

culture medium to an end concentration of 30%. The number of clones at day 8

was reduced from 10.1 ± 5.0 (mean ± S.D.) in controls to 5.3 ±3.2 (mean ± S.D.) in

the diluted medium. A dilution of culture medium to 30% end concentration has

therefore been used as the appropriate stress condition in the following

experiments.

Determining thresholds for stress testing of individual AF cell cultures

Thresholds for stress testing were determined from 174 individual primary in-situ

cultures from 6 different series, cultured in medium diluted to an end concentration

of 30%. On average 5.2 ± 5.0 (mean ± S.D.) clones were counted after 8 days of

culturing. Sixteen of the 174 cultures failed to grow, i.e. a 9.2% culture failure. The

average number of culture failures was 2.6 out of 30 within the 6 experimental

series. If we set the threshold for the minimally acceptable number of successful

cultures to 23 out of 30, the observed variability indicates that this would lead to

less than 1.0% wrongly rejected lots. In order to determine a threshold for the

minimal mean number of clones, we will accept that 1% of the rejected lots of

medium will be rejected wrongly. Considering the variability among the cultures,

this results in a threshold of on average 3 clones in 30 cultures. For the exact

derivation the reader is referred to the Appendix.

These thresholds were validated with different types and lots of medium

(Table 1). Basic medium F10 supplemented with 20% foetal calf serum was
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rejected under stress testing, as expected. The other media were tested as

acceptable.

Table 1: Results of stress testing of individual amniotic fluid in-situ cell cultures

from different types and lots of medium

Culture medium Day of
analysis

No. of clones
(mean ± S.D.)

No. of culture
failures

Accepted
for routine

Amniomax  (lot 1198269) day 6 3.1 ± 2.45 2

day 8 4.0 ± 2.9 1 yes

Amniochrome (lot 3MB0203) day 6 2.1 ± 1.3 2

day 8 3.0 ± 1.9 3 yes

Amniochrome (lot 4MB0020) day 6 4.0 ± 2.3 1

day 8 6.7 ± 5.3 0 yes

Amniochrome (lot 3MB0221) day 6 3.0 ± 2.7 1

day 8 5.0 ± 4.0 1 yes

F10 with 20% FCS day 6 1.0 ± 0.98 12

day 8 1.4 ±1.4 11 no

Stress testing of decreased oxygen tension during culturing

Using stress testing, the average number of clones at day 8 when cultured at 2.5%

O2 was 5.8 versus 4.8 for control cultures. This difference is significant (P< 0.036,

paired T- test, two sided). For 5% O2 we observed 7.7 clones versus 7.0 clones in

control cultures. This difference was not significant (P> 0.429, paired T- test, two

sided). The number of successful cultures at 2.5% O2 was 29 versus 27 in control

cultures and at 5% O2 28 versus 26 in control cultures under 20% O2. The number

of clones of medium or large size was higher under decreased oxygen tensions of

both, 2.5% and 5%.
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Table 2: Analysis of variance for the effect of decreased oxygen tension on the
growth of amniotic fluid cells

Dependent variable Explained
variance

(%) 1)

Effect Sum of
squares

DF Mean
square

F- ratio P (two
tailed)

Growth (undiluted
medium)

Culture
time

22.0 3 7.3 128.6 0.000

20.0 O2 tension 5.7 1 5.7 100.5 0.000

Error 1.1 19 0.06

Total 28.8 23

Growth (medium of
30% end-
concentration)

Culture
time

12.1 3 4.0 52.3 0.00

36.0 O2 tension 7.8 1 7.8 101.1 0.000

Error 1.5 19 0.08

Total 21.4 23
1)variance in difference between number of cells cultured under 5% and 20% oxygen tension

To measure the increase in number of cells over time, growth curves were

made, both with decreased oxygen tension (2.5%; 5% and 10%) and 20% oxygen

(control concentration). A significant increase in the number of cells was measured

at all investigated conditions of decreased oxygen. At 5% (Figure 1a and b) the

effect was most pronounced, with a 2.5 fold average increase, explaining 20% of

the variance (Table 2). Within this condition, the largest increase was seen at days

5 and 6 (Figure 1a). In the same experiment, but using diluted medium with end

concentration of 30%, the increase was even 4.5 fold, explaining 36% of the

variance (Figure 1b).
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Figure 1a: Growth curves of secondary amniotic fluid cells with undiluted medium
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Figure 1 b: Growth curves of secondary amniotic fluid cells with medium diluted to 30%
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2.3.5 Discussion

In this study we describe an absolute method for testing the influence of any factor

involved in in-situ cultures of primary amniotic fluid cells on the growth potential.

Stress testing appears more sensitive to detect differences in growth potential than

testing without a stress condition, as is apparent from the stronger response of

cultures to a decreased oxygen tension. This supports the validity of using stress

testing as a method to determine acceptance or not of different lots of medium for

cell culture for prenatal diagnosis.

Whereas other absolute procedures to test the growth potential of medium,

such as plating efficiency (Goodheart et al., 1973), incorporation of radionuclides

during cell growth (Dvorakova and Starek, 1980) or an end point dilution method

(Shu-de and Hampson, 1985) require a high degree of technical skill or elaborate

equipment, the method we propose is easy to incorporate in daily routine.

Our stress testing is based on absolute thresholds for the minimum number

of clones and for the minimum number of successful cultures after 8 days of

culturing. This implies a high probability that no medium will be accepted with less

than the required quality, while rejection of lots that would have had sufficient

quality if tested more extensively, will be minimal. The acceptance criterion is

absolute and not subject to any drift. We recommend to use at least 30 cultures

from at least 10 different patients. This should be sufficient to detect important

differences in quality.

A further advantage of this method is the use of non-pooled primary AF in-

situ cell cultures. Therefore, the growth behaviour of the cells during testing is likely

more representative for the conditions present in routine cultures. To demonstrate

that the absolute method can readily be used for an assessment of the effect of

other factors than culture medium influencing growth potential and to demonstrate

the high sensitivity of stress testing, we investigated the effect of a decreased

oxygen tension during culturing. Two early reports (Brackerts et al., 1983; Held and

Soennichsen et al., 1984) have appeared in which reduced oxygen supply during



Chapter 2

B.Sikkemaproefschrift2.doc

66

culturing resulted in an up to 25% increase in the number of clones and in a

significant increase of the number of cells. In stress testing we could only confirm

this for the lowest oxygen tension (2.5%), but we did find that the size of the clones

was larger under both conditions of decreased oxygen. This was in agreement with

the results of growth curve testing which showed that the number of cells was 2.5-

fold increased, explaining 20% of the variance and under stress conditions even

36% of the variance when culturing under a 5% oxygen tension. The difference in

number of clones between the former results and ours might be explained by our

use of hormone-supplemented medium as introduced by Chang et al. in 1982,

whereas in the earlier experiments a basic medium supplemented with foetal calf

serum only was used. The hormone-supplemented medium already maximises the

growth of the viable cells from AF, giving a maximum number of clones (Chang et

al., 1991). Thus, with respect to the number of clones, the effect of the culturing

medium is much stronger than that of a decreased oxygen tension. The strongest

effect had a decreased oxygen tension on cultures with a small number of clones

and on the increase in number of cells during the first days of culturing, as seen in

our series. This finding may suggest that cell culturing under a decreased oxygen

tension appears to be more successful.

In general, to assess the growth potential of different lots of culture medium

for acceptance or rejection in routine diagnosis, we recommend stress testing. To

test the growth potential of a new type of medium or any other factor involved in

culturing, stress testing should be performed first. In case of an increased growth

potential, the number of cells can subsequently be determined very precisely, if

desired, by making a growth curve.



Cell culture of amniotic fluid cells

B.Sikkemaproefschrift2.doc

 67

2.3.6 Literature

Brackertz M, Kubbies M, Feige A, Salk D. Decreased oxygen supply enhances growth in culture of

human mid-trimester amniotic fluid cells. Hum Genet. 1983; 64(4):334-8.

Chang HC, Jones OW, Masui H. Human amniotic fluid cells grown in a hormone-supplemented

medium: suitability for prenatal diagnosis. Proc Natl Acad Sci U S A. 1982; 79(15):4795-9.

Chang HC, Jones OW. Enhancement of amniocyte growth on a precoated surface. Prenat Diagn.

1991;11(6):357-70.

Dvorakova M, Starek M. A method for testing the growth promoting property of tissue culture media

using radionuclides. J Biol Stand 1980; 8: 107- 113.

Goodheart CR, Casto BC, Zwiers A. Plating efficiency for primary hamster embryo cells as an index of

efficacy of foetal bovine serum for cell culture. Appl Microbiol 1973; 26: 525- 528.

Held KR, Sonnichsen S. The effect of oxygen tension on colony formation and cell proliferation of

amniotic fluid cells in vitro. Prenat Diagn. 1984; 4(3):171-9.

Hoehn H, Bryant EM, Karp LE, Martin GM. Cultivated cells from diagnostic amniocentesis in second

trimester pregnancies. II. Cytogenetic parameters as functions of clonal type and preparative technique.

Clin Genet. 1975; 7(1):29-36.

Priest JH, Rao KW. Prenatal chromosome diagnosis. Barch MJ, Knutsen T, Spurbeck (eds.) The AGT

Cytogenetics laboratory manual, Lippincott – Raven Publishers Philadelphia 1997.

Pye D. Simple and rapid evaluation of serum for cell culture. J Biol Stand. 1975; 3(1):83-7.

Salk D, Disteche C, Stenchever MR, Mitchell L, Rodriguez M. Routine use of Chang medium for

prenatal diagnosis: Improved growth and increased chromosomal breakage. Am J Hum Genet 1983;

35: 151A.

Shu-de J, Hampson AW. A simple endpoint dilution method for evaluating serum used for cell culture. J

Biol Stand 1985;13: 303-308.

Sikkema-Raddatz B, van Echten J, van der Vlag J, Buys CHCM, te Meerman GJ. Minimal volume of

amniotic fluid for reliable prenatal cytogenetic diagnosis. Prenat Diagn. 2002; 22(2):164-5.



Chapter 2

B.Sikkemaproefschrift2.doc

68

Appendix

Determination of the thresholds:

To set a threshold for the minimum mean number of clones, we will reject a new lot

of medium if we find significantly less than the average of 5.2 clones which are

found growing after 8 days of culture. We accept that 1% of the rejected lots of

medium has by chance less than this number.

Justification:

K is the minimum mean number of clones found growing in 30 separate culture

experiments.

We assume that the mean number of clones is distributed according to a T

distribution with 29 degrees of freedom. The one-sided threshold of finding a value

occurring in less than 1% of the cases = -2.462. This relates to the acceptable false

rejection rate.

The standard deviation of the number of clones is 5. The standard deviation of the

mean number of clones in 30 experiments is therefore 5/(sqrt(30).  The following

equations show the derivation of the minimum acceptable mean number of clones

(K- 5.2) / (5/√30) > -2.462

(K- 5.2) x 1.09 > -2.462

K> 5.2 – 2.258

K > 2.94

Considering the variability among the cultures, this results in a threshold of an

average of 3 clones in 30 cultures.

To set a threshold for the minimum of successful cultures, we observed that on

average 2.6 cultures failed in a series of 30. We think that this number of failures is

on average acceptable. The number of actual culture failures might be higher than

expected due to culture failures by chance. We again accept that 1 of the 100 lots

will be rejected falsely when the real number of culture failures is 2.6 out of 30. In

30 experiments the number of failures follows a binomial distribution with
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probability 0.0833. The probability that we find more than 7 failed cultures is then <

0.01.

 If we set the threshold for the minimally acceptable number of successful cultures

to 23 out of 30, this would lead to less than 1.0% wrongly rejected lots.
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