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Abstract

Background Cell culture media are essential for cell expansion and many cells still depend on blood-derived
supplements for optimal growth. From a regulatory perspective, these materials are ideally xeno-free, serum-free
or even chemically defined. However, differences in composition and in performance are seldom clear from the
terminology used in this field.

Methods Therefore, we set out to investigate the presence of serum in seven serum-free media (SFM) and link that
information to the performance and cost. We used fetal bovine serum and five human platelet lysate preparations
(hPL) for comparison.

Results Our data show significant differences in growth factor content between categories, but this did not
correlate with mesenchymal stem cell (MSC) growth kinetics or maximal cell yield. Myeloperoxidase, glycocalicin
and fibrinogen, derived from human leukocytes, platelets and plasma were detected at significant levels in 2 from 7
SFM. MSC cultured in these two SFM had a CD44-phenotype akin to hPL, essentially reclassifying them as hPL. Most
SFM supported MSC expansion well, but some did not. In contract, all hPL supported MSC growth. The cost of SFM is
significantly higher than hPL.

Conclusions We conclude that terminology regarding serum presence can be misleading. The cost-performance
balance is best for hPL at this moment.
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Introduction

Tissue culture and cell expansion are foundational tech-
niques in both basic biological research and applied
biomedical sciences, including regenerative medicine,
drug discovery, and biopharmaceutical production. The
success of these techniques hinges on the ability to pro-
vide an optimal culture environment, which is largely
determined by the composition of the culture medium.
Among the critical components of culture media are sup-
plements that provide essential nutrients, growth factors,
and other signaling molecules necessary for cell survival,
proliferation, and differentiation. As such, the culture
medium and the actual cell culture practice often are the
most expensive part of cell therapy manufacturing.

We distinguish three commonly used culture media
or culture media supplements: serum-free media (SFM),
human platelet lysate (hPL), and fetal bovine serum
(FBS). Each of these supplements has distinct advan-
tages and disadvantages that influence their suitability for
various applications [1]. SFM can contain purified blood-
derived components such as growth factors or albumin,
but do not contain non-purified serum. Hence the chem-
ical composition is known, and batch-to-batch variabil-
ity is theoretically reduced. Some SFM are formulated
from exactly known quantities of recombinant compo-
nents, allowing for full and precise control over the cul-
ture environment and eliminating the risk of introducing
undefined biological contaminants [2]. These products
are termed chemically-defined media. Because of vague
terminology used by manufacturers and the lack of con-
sensus on nomenclature, it is often unclear whether SEM
are always ‘chemically defined’

Human platelet lysates are derived from human plate-
lets, often surplus platelet concentrates initially prepared
for transfusion. These are rich in growth factors that sup-
port cell proliferation and tissue repair. They offer a xeno-
free alternative to FBS with reduced immunogenicity
and ethical concerns, making them an attractive option
for clinical applications [3]. However, batch consistency
and supply remain significant challenges [4]. Fetal bovine
serum, the standard supplement for decades, provides a
rich and complex mixture of growth factors, hormones,
and extracellular matrix components that support the
growth of a wide variety of cell types. Despite its efficacy,
FBS is associated with considerable ethical concerns [5],
including animal welfare issues, and practical challenges,
such as batch-to-batch variability and the risk of contam-
ination with bovine pathogens.

The plethora of cell culture media supplements that are
available on the commercial market is hard to navigate
for researchers and developers. All the more so because
manufacturers prefer to keep the contents of their prod-
ucts hidden under the pretext of trade secrets. This
paper studies the composition and the efficacy of several
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commercially available supplements. These are compared
to several hPL preparations [6] and FBS. Understanding
the trade-offs associated with each supplement is cru-
cial for optimizing cell culture conditions and ensuring
reproducibility and affordability in both research and
clinical settings.

Materials and methods

Study design

We procured 13 different cell culture media or cell cul-
ture media supplements between October 2022 and
December 2023. Included were 5 different hPL and 7
SFM. As a reference, two batches of HyClone MSC-
screened FBS were included as a reference condition. A
single batch of every test supplement was used, except for
hPL1 and hPL2 that had five batches included. Catalogue
numbers, commercial names and batch numbers are
given in Additional file 3, Table 1. The leaflets or product
inserts of every tested product are included in the Addi-
tional file 4.

Preparation of hPL gold and platinum

The in-house manufacturing of hPL2 was as previously
described [6] starting from surplus platelet concentrates
(PC) treated with pathogen inactivation [7, 8]. The in-
house manufacturing of hPL1 used surplus bufty coats
as starting material. Both platelet concentrates and buffy
coats were obtained from consenting voluntary donors
from the Belgian Red Cross Flanders Blood Establish-
ment. Belgian biobank regulations were followed. All
buffy coats and PC used were registered in the biobank
with accession number (BB190034) and approval of the
University Hospital Institutional Review board (UZ/KU
Leuven, S62549).

Biophysical and biochemical analysis

To record hPL turbidity, light transmittance was mea-
sured in raw culture supplements using a spectropho-
tometer (NanoDrop OneC, Thermo Fisher Scientific,
Waltham, MA). Transmittance was calculated using the
formula T =100 yhere T is transmittance and
A680nm is the compound of light absorbance and light
scattering of an undiluted sample measured at a wave-
length of 680 nm and light path length of 1 cm. Con-
centrations of glucose, lactate and Ca** were measured
in both raw culture supplements as well as in complete
culture media using a point-of-care blood gas analyzer
(RAPIDPoint 500, Siemens, Munich, Germany). pH at
20-24 °C was determined in raw culture supplements
by glass electrode (HI 5221, Hanna Instruments, Woon-
socket, RI). Total protein was measured using a bicin-
choninic acid (BCA) assay kit (Thermo Fisher Scientific)
with a bovine serum albumin (BSA) standard of known
concentration.
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Growth factor concentration

Concentrations of insulin-like growth factor (IGF)-1,
platelet-derived growth factor (PDGF)-AB, transforming
growth factor beta 1 (TGF-f31) and vascular endothelial
growth factor (VEGF) were measured in undiluted cul-
ture supplements using a quantitative sandwich-type
enzyme linked immunosorbent assay (ELISA) follow-
ing the instructions of the manufacturer (R&D Systems,
Minneapolis, MN). In brief, samples were serially diluted
in calibrator diluent and added to a 96-well plate that was
coated with monoclonal antibodies against the above
mentioned antigens. For IGF-1 analysis, samples were
first diluted in an acidic dissociation solution and a blue
dyed buffer. For TGF-81 analysis, the sample was first
activated by addition of 1.0 M HCI and neutralized with
1.2 M NaOH and 0.5 M 4-(2-hydroxyethyl)-1-pipera-
zineethanesulfonic acid (HEPES). Detection was with a
polyclonal anti-human antibody specific for the growth
factor of interest conjugated with horseradish peroxidase.
Chromogenic substrate solution was tetramethylbenzi-
dine (TMB) and hydrogen peroxide. Resulting optical
densities at a wavelength of 450 nm were recorded using
a multiwell plate reader (Infinite F200 Pro, Tecan).

Fibrinogen

Fibrinogen was quantified in undiluted culture supple-
ments using ELISA (Innovative Research, Novi, MI)
according to the manufacturer’s instructions. Samples
were added to the pre-coated 96-well plate and incubated
at 20-24 °C for 30 min on a horizontal orbital microplate
shaker. Polyclonal anti-human fibrinogen primary bioti-
nylated antibody was added and incubated at 20-24 °C
for 30 min. Detection of bound antibody was with horse-
radish peroxidase-conjugated streptavidin. Detection was
as described for the growth factor’s ELISA.

Myeloperoxidase activity

Culture supplements were diluted in Dulbecco’s phos-
phate buffered saline (PBS) and transferred to a 96-well
plate. The substrate solution included 15uM 2,2’-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium
salt (ABTS, Sigma-Aldrich, Saint-Louis, MO) and 0.03%
(vol/vol) H,O, (Merck, Darmstadt, Germany) in citrate
buffer (100mM, pH4.2). This substrate solution was
mixed in a 1:1 ratio with the diluted samples. Myeloper-
oxidase (MPO) acts as a catalyst for ABTS oxidation by
H,0, yielding a colored solution within minutes. Absor-
bance at 405 nm was measured every minute during
30 min to track enzyme kinetics. The slope of the linear
portion was plotted and compared to the MPO standard
(Abcam, Cambridge, United Kingdom).
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Glycocalicin

An in-house prepared ELISA was used to quantify glyco-
calicin concentration in raw culture supplements. High-
binding transparent 96-well plates (Greiner Bio-One)
were coated with a 5 pg/mL CD42b monoclonal capture
antibody (clone AK2, Invitrogen, Carlsbad, CA) in Tris-
buffered saline with 0.1% (vol/vol) Tween 20 (TBS-T,
Sigma-Aldrich) and incubated overnight at 4 °C. Blocking
was with 1.0% (wt/vol) BSA (Sigma-Aldrich) in TBS-T
at room temperature (RT) for 2 h. Purified glycocalicin
and samples were serially diluted in TBS-T containing
0.5% (wt/vol) BSA and incubated at RT for 1 h. Next,
biotin-labelled mouse anti-CD42b (clone VM16d, Mono-
san, Uden, The Netherlands) was incubated at 1 pg/mL
in TBS-T with 0.5% (wt/vol) BSA for 1 h at RT. Bound
antibody was developed using secondary horseradish
peroxidase-conjugated streptavidin and colorimetric
development with TMB.

Cell expansion

Each culture medium was prepared and used following
the manufacturer’s instruction. hPL and FBS were used
at 10% (vol/vol) in the respective corresponding basal
medium [Additional file 3], each hPL was also tested at
a dilution of 5% (vol/vol). Heparin (Zen-Bio) was added
at 2 U/ml to medium supplemented with hPL5. Prior to
use, all complete media were supplemented with pen-
icillin-streptomycin at 100 U/mL (Thermo Fisher Sci-
entific) and subsequently sterile filtered (0.2 pm). In the
case of SEM1, SEM3 and SFM4 culture flask precoating
was required. Three different clones of human adipose-
derived mesenchymal stem cells were cultured. Clones 1
and 2 were purchased from a commercial source (MSC,
Lonza, Basel, Switzerland) and clone 3 was isolated in
house by mechanical disruption of adipose tissue from
liposuction. For culturing with clones 2 and 3 only one
batch of each hPL and FBS was tested and at 10% sup-
plementation only. Seeding was in tissue culture flasks at
a density 4,000 cells/cm? at 37 °C and 5.0% partial CO,
pressure. Cell dissociation was performed at 80-90%
confluence using trypsin-ethylenediamine tetraacetic
acid (EDTA) or using the provider’s reagents. MSC were
kept in culture for a maximum of 113 days or until the
culture no longer surpassed 80% confluence within 14
days of culture. For clones 2 and 3 culturing was for a
maximum of 35 days. Detailed culturing schedules are
shown in additional file 2, figure S7 and S8. Cumulative
population doublings (cPD) were calculated accord-
ing to the following formula where cPD,, is the cPD at
previous passage, N, is the amount of cells at seeding
and N, is the amount of cells at the end of the passage::
¢PD = ¢PDy + 3.322 % (log (N1) — (log (Ny)) [9].
Detailed materials and methods are given in additional
file 1.
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Flow cytometric phenotyping

At ¢PD 8 and c¢PD 16 cell phenotyping was performed
in flow cytometry according to the International Soci-
ety for Cellular Therapy (ISCT) guidelines using an
acoustic focusing flow cytometer (Attune, Life Tech-
nologies, Carlsbad, CA) [10]. The MSC analysis kit (BD
Biosciences, Franklin Lakes, NJ) with premixed antibody
cocktails was used containing anti-CD90 fluorescein iso-
thiocyanate (FITC), anti-CD105 peridinin-chlorophyll-
protein complex-cyanine5.5 (PerCP-Cy5.5), anti-CD73
allophycocyanin (APC). Exclusion markers were anti-
CD34, anti-CD11b, anti-CD19, anti-CD45 and anti-
HLA-DR, all labeled with PE. A separate tube for CD44
analyses was prepared with anti-CD44 phycoerythrin
(PE). Isotype antibody controls were included as a back-
ground negative reference.

Costing comparison of cell culture media

The cost of a representative MSC therapy was calculated
and is described in detail in additional file 1. In brief, the
amount of cell culture media and culture duration was
used to calculate the cost associated with expanding
MSC’s to obtain 1.5 million cells per kg body weight. We
included data from ten Ham et al. to refine the costing
model and include the essential parameters that consti-
tute the preparation of a MSC therapy [11].

Results

Biochemical content and appearance of supplements and
complete media

The pH was between 6.0 and 8.0 in all test samples
(Fig. 1A). Ionized calcium was variable and was high-
est in hPL1 and SFM2 at 1.4 and 1.9 mM respectively
(Fig. 1B). Ionized calcium was below the detection limit
of 0.2 mM in two hPL and three SEM. Glucose was also
variable and highest in SFM7 at 16.0 mM (Fig. 1C). Glu-
cose was below the detection limit of 1.1 mM in one hPL
and three SFM. Lactate was >10 mM in hPL and FBS but
undetectable in four SFM (Fig. 1D). Osmolality of all sup-
plements ranged between 235 mOsm/kg and 323 mOsm/
kg (Fig. 1E). The same analysis in complete media shows
that osmolality, ionized calcium, glucose, and lactate are
dependent on the components present in basal medium.
The contribution of the supplement is negligible (Fig. 1
and Additional file 2, figure S1). Only SEM2 and hPL1
had a turbidity>0.5 (Additional file 2, figure S2); how-
ever, this did not impact filterability of complete media
using a 0.2 pm sterile filter.

Protein content in supplements and complete media

The concentration of growth factors was at least dou-
ble in hPL1 compared to all other supplements (Fig. 2
and Additional file 2, figure S3). Growth factor con-
tent in hPL2, hPL3 and hPL4 was comparable, but hPL5
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consistently contained half that of the other hPL. SEFM
contained undetectable or very low concentrations of
growth factors. Only IGF-I was significantly dosed in
SFM4 and comparable to the level in hPL. TGF-B1 was
found in SFM1, SFM5 and SFM6 at lower levels com-
pared to hPL.

MPO is an enzyme present in neutrophilic granulo-
cytes and released upon cell activation. Its presence indi-
cates white blood cell activation and was used to identify
a human blood cell origin of the media or supplements.
MPO activity was highest in hPL1 which is derived from
human buffy coats that are rich in white cells and served
as a positive control. MPO was furthermore found at
significant levels in hPL2, hPL3, hPL4, SEFM2 and SEM5
(Fig. 3). Low MPO was found in hPL5, SFM3 and FBS.
No MPO activity was detected in SFM1, SFM4, SEM6
and SFM7 implying these are the only media (supple-
ments) that are not derived from leukocyte-containing
source products. In a similar manner, the origin of plate-
lets was identified by means of glycocalicin measure-
ments. As expected, all hPL supplements contained
measurable quantities of glycocalicin (Fig. 4). However,
also SFM2 and SFM5 contained glycocalicin and are
therefore derived from platelet-containing source prod-
ucts. Glycocalicin was absent in SFM1, SEM3, SFM4,
SFM6 and SEM7.

Fibrinogen indicates a source of human plasma but can
cause coagulation of cell culture media. Some manufac-
turers therefore require the use of anticoagulation, by
addition of heparin to the culture medium. For this rea-
son, hPL manufacturers often include a fibrinogen reduc-
tion step during hPL preparation. Human fibrinogen was
<5 pg/mL in hPL1, hPL2 and hPL4 which is a thousand-
fold lower than normal human plasma (Additional file 2,
figure S4). Fibrinogen in hPL3 was 64 pug/mL and 436 pg/
mL in hPL5. Fibrinogen was also detected in SEM5 at
9.2 pg/mL and in SFM2 albeit at a very low concentration
of 0.3 ug/mL.

Total protein was measured in raw supplements using a
bicinchoninic acid assay (Additional file 2, figure S5) and
calculated to final concentration in complete medium
(Fig. 5). Protein concentration was highest in SFM4 at
14.0 g/L. hPL1, hPL3 and hPL4 contained 6 g/L which
corresponds to normal plasma or to platelet concentrates
suspended in plasma. hPL2 is derived from platelet con-
centrates in 30% (vol/vol) buffered additive solution and
therefore total protein was one third of hPL1 prepared
from buffy coats. Total protein concentrations in all
remaining SFM were below 1.4 g/L.

MSC growth kinetics and phenotype during cell culture

For MSC clone 1, cells were expanded in vitro according
to the manufacturer’s instructions for a total of 113 days
or until cells ceased expanding. MSC cultured in SFM1
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and in hPL5 (5%) ceased expansion at day 11 and 21
respectively. MSC in SFM2 expanded significantly faster
than all other conditions (Fig. 6A and Interactive Fig. 6
Supplemtary material 5 was slowest in FBS. All remain-
ing media performed broadly within the same range.
For MSC clones 2 and 3, cells cultured in hPL5 did not
expand. The initial growth kinetics of all clones defined
as the slope over the initial cPD before the growth curve

become non-linear, were independent of hPL dosing
(Fig. 6B). Initial growth kinetics was faster in SFM com-
pared to hPL and FBS, but the total number of cPD at day
21 (Fig. 6C) was only higher for SEM1, 2 and 5. Clone-to-
clone variation was lowest in hPL1, SFM2, and SEM5.
Cell cultures of clone 1 were phenotyped at cPD8 and
cPD16 in flow cytometry. Cells from all conditions and at
both time points expressed CD90 (Fig. 7) but only MSC
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in FBS maintained expression of CD105. Expression
of CD105 was reduced in the absence of FBS although
median fluorescence intensity was always higher than
isotype control suggesting that CD105 expression was
not zero (Additional file 2, figure S6). Similarly, MSC
maintained expression of CD73 and CD44 although
some conditions caused reduced expression at either
cPDS8 or cPD16.

Cost comparison of media and hypothetical cell therapies

Based on list prices from providers, the cost per milliliter
of medium was calculated (Fig. 8A). This cost included
growth factor supplement, basal medium and coating
solution. Not included were costs of auxiliary reagents
that are required for successful culture, e.g. DPBS or pro-
prietary detachment solutions. The price was highest for
SFM2 and lowest for FBS. We also modelled the cost for a
single dose cell therapy using our experimentally derived
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or less providing incomplete data. All curves represent mean values and for hPL1 10% (n=5), hPL2 10% (n=5) and FBS (n=2), shading represents standard
deviation. (B) Initial growth kinetics were calculated for all three cultured clones by determining the slope of the linear portion of the growth curve in the
beginning of expansion and is shown as mean + standard deviation. (C) The maximal cPD reached within 21 days defined as Maximum cPD is depicted

growth kinetics and data from ten Ham et al. [11]. Cell
culture duration and cost of media or media supple-
ments weighed in on the costing model compared to staff
and equipment costs (Fig. 8B). A cell therapy based on
expansion in SFM4 or SFM7 would be most expensive at
€83,500 and €70,000 respectively. A cell therapy prepared
in FBS, in hPL1-4 at 5% or SFM5 would be least expen-
sive, i.e. €24,500-35,500. The driving factor of cost differs
per media or media supplement. Where SFM are more
expensive due to a high procurement cost, the cost of
EBS is caused by longer expansion times which increased
bench time and staff cost. Consequently, a cell therapy
based on the least expensive medium supplement (FBS)
does not necessarily lead to the least expensive total pro-
duction cost.

Discussion

Many different cell culture media (supplements) are
available. For some of these back to back experimental
comparisons have been published [12-14] summarized
in a recent meta-analysis [15], but choosing a suitable
supplement based only on the manufacturer’s infor-
mation remains a challenge. For advanced therapeutic
medicinal products (ATMP), good manufacturing prac-
tices nevertheless require maximal disclosure of the
content in raw materials used. Most manufacturers how-
ever operate in a grey zone between the highly regulated
pharmaceutical industry and the less strict supply chain
of typical research-grade materials. In addition, although
chemically-defined medium (CDM) is considered the
holy grail, in practice CDM or SFM are ill-defined. This
is because essential growth factors require recombinant
production and thus are derived from conditioned cell
culture media themselves. Not to mention that primary
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Fig. 7 MSC phenotype during culture. At cPD8 and cPD16 MSC were phenotyped using flow cytometry. (A) and (C) show data for MSC cultured in 10%
hPL at cPD8 and cPD16, respectively. (B) and (D) show data for MSC cultured in SFM at cPD8 and cPD16, respectively. Cells cultured in SFM1 which did not
reach cPD8. Cells in hPL5 did not reach cPD16. Cells in SFM1, SFM6 and SFM7 did not reach cPD16. Controls were MSC cultured in FBS-containing medium
(purple) and pre-study-recorded MSC cultured in FBS-containing medium and stained with isotype control (black)

cells often expand poorly in the absence of blood-derived
components.

Because terminologies are not regulated, vendors
offer products that are attractively labeled as xeno-free,
serum-free, clinical grade, GMP, chemically defined and
alike. Therefore, in our study we set out to investigate a
selection of SFM for the presence of human blood com-
ponents and what this means for MSC expansion, pheno-
type and cell therapy cost.

We identified leukocyte- and platelet-specific mol-
ecules in SFM2 and SFM5. Although reportedly serum-
free, these SFM must have been supplemented with
human blood components because there is no scientific
rationale to supplement a culture medium with MPO
nor glycocalicin. Therefore, these molecules are pres-
ent as a consequence of a preparation step that involved
blood, leukocytes and/or platelets. This preparation

must have involved a plasma to serum conversion given
the low fibrinogen concentrations. Hence, these media
are not serum-free. Cell growth kinetics and maximum
cPD within 21 days were highest in SFM2 and SFEMS5,
but these SFM need to be recategorized as hPL. On that
same line, CD44 expression of MSC in SFM2 and -5 was
similar to those in hPL but different from the non-blood
derived SFM3 and -4. Differences in cell properties in
response to culture media have been reported before [1,
16]. Of note, SFM2 has been recommended as a ‘GMP
compliant’ alternative to hPL [17] but given its composi-
tion revealed in our study, this seems incorrect. Similarly,
SFM5 was reported as a xeno- and serum-free alternative
by Hoang et al. and as ‘synthetic media’ by Lensch et al.
[18, 19]. Consequently, we suggest manufacturers to dis-
close when blood components are present so comparison
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between studies can be made easy and full transparency
can be obtained towards regulators and patients.

We found that complete media with SFM are consider-
ably more expensive (~€1/mL) compared to hPL (~€0.5/
mL). Often SFM require pretreatment of culture flasks
with specific coating proteins. This increases both mate-
rial and labor cost and may pose a higher risk for contam-
ination. One MSC clone that we tested did not expand in
SFM1 and another performed poorly in SFM6 and SEM7.
Clone-to-clone variation in cell expansion was high in
SEM1, 3, 6 and 7 and in hPL3 and 5. MSC phenotype in
SFM at cPD8 was very similar to that in hPL except that

CD73 expression was slightly higher in SEM. If this can
be reproduced across biological repeats then this may
imply a slightly increased CD73 ectonucleotidase activ-
ity in MSC cultured with SEM6 or SEM7 and a compa-
rably stronger immunomodulatory effect [20]. This needs
further investigation. Our data thus show that two out of
three tested true SFM are good technical alternatives for
blood-derived supplements, but these are 40—-50% more
expensive than FBS or hPL respectively, for a hypotheti-
cal cell therapy preparation.

The growth factor content is often included in scien-
tific reports that compare media supplements but is not
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necessarily related to the MSC growth kinetics. We found
very high levels of growth factors in hPL1 and although
this supplement had the highest growth kinetic of all
hPL, SEFM3, -4 and 6 were at least as supportive and had
very low or undetectable growth factor levels. Therefore,
either other growth factors than the ones we included
in our study must relate to MSC expansion or a unique
combination of growth factors is important. It could be
that the ELISA’s used in this study were not sensitive for
potentially recombinant growth factors supplemented to
the SEM.

Finally, we note that hPL can be used at 5% yielding
growth kinetics and c¢PD at day 35 that are comparable to
hPL at 10% except for hPL5, at least for our single clone
of MSC used in this study. This may be different for other
MSC clones or for other cell types. Lowering the fraction
of supplement is an easy layup for reducing the cost of
a cell therapy and deserves attention by ATMP develop-
ers. It was beyond our study design to include functional
MSC assays like differentiation or immunomodulation.
Future studies comparing different doses of hPL should
include this. We did show for hPL1 and hPL2 that batch-
to-batch variation is low for all outcome parameters
tested. It was not possible to study this for other culture
media because of cost, confirming that cell culture media
are a significant portion of the cost of studying or devel-
oping cytotherapy products.

We conclude that manufacturers may not strictly
adhere to common terminology, in particular regarding
the inclusion of human blood-derived components. This
is misleading and should be avoided. Our study suggests
that in terms of expansion, both hPL and SFM are good
alternatives to FBS but SFM are generally more expen-
sive and manufacturers often creatively interpret SFM
terminology.
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