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In vitro inhibition of HUVECs by low dose
methotrexate – insights into oral adverse events
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Abstract

Background: With socio-economic changes, dentists and maxillofacial surgeons are more and more faced with
medically compromised patients. Especially, the admission of antirheumatic drugs has increased remarkably. So
dentists and maxillofacial surgeons should be aware of related adverse reactions that affect the craniofacial region.
To identify possible cellular effects of disease modifying antirheumatic drugs (DMARDs) we investigated the
influence of methotrexate (MTX) on human umbilical vein endothelial cells (HUVECs).

Methods: HUVECs were incubated with various concentrations of MTX, corresponding to serum concentrations
found in rheumatoid arthritis (RA) patients. The effect of MTX on cell proliferation, differentiation as well as
mitochondrial activity was measured by use of immunostaining, cell counting and 3-(4, 5-dimethylthiazol-2-yl)- 2,
5-diphenyltetrazolium bromide (MTT) assay.

Results: All samples incubated with MTX (1-1000 nM) showed significantly decreased cell viability when compared
to controls. Cells were less proliferating, but did not lose their ability to synthesize endothelial proteins. A slight
dose dependency of inhibiting effects was demonstrated. The observed differences between control and sample
groups were rising with longer duration.

Conclusion: Because of the crucial role of endothelial cells and their precursor cells in wound healing, a negative
influence of MTX on oral health has to be supposed, correlating to clinical observations of adverse reactions in the
oral cavity, such as ulcerative or erosive lesions.
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Background
Within the rising of expectancy of life dental and maxillo-
facial practitioners are more and more faced with medic-
ally compromised patients [1]. These patients represent a
possible risk in oral healthcare, especially concerning
wound healing after surgical procedures like implant
insertion, augmentation, open reduction and internal
fixation (ORIF) of fractures or accidental lesions [2,3].
Within the most frequent diseases, inflammatory dis-
eases and thus the rheumatoid arthritis (RA) is statis-
tically dominant with a prevalence between 0.5-1% in
developed countries and a female/male ratio of 3:1 [4,5].
An early use of pharmacological substances, the so called
disease modifying antirheumatic drugs (DMARDs), is the
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key pattern in RA therapy as recommended [6]. Since
more than two decades, low dose methotrexate (MTX,
5-25 mg/weekly) has been established as first-line thera-
peutic agent [7] and has thus been widely used drug in
RA therapy [8]. Currently, the American College of
Rheumatology (ACR) and the European League Against
Rheumatism (EULAR) have recommended even higher
dosages [9,10]. Previous to low dose therapy in RA, MTX
was used in oncology at higher dose as antineoplastic
agent [11]. Most of our knowledge about mechanism of
action, pharmacokinetics and side effects of MTX is
derived from high dose therapy, whereas the precise
mechanism of antirheumatic action has not yet been un-
derstood in detail [12]. MTX and its metabolites (MTX
glutaminated) inhibit the dihydrofolate reductase (DHFR),
thymidylat synthase and 5-aminoimidazole-4-carboxamide
ribonucleotide (AICAR) transformylase, which leads to
accumulation of extracellular adenosine. This extracellular
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adenosine accumulation has been found out to mediate
the anti-inflammatory effect of MTX [13,14]. Side effects
are thought to be related to purine and pyrimidine synthe-
sis inhibition as well as folic acid antagonism [15]. Oral
events related to MTX are reported in the literature, where
the risk of developing oral lesions was higher in RA
patients receiving MTX therapy than in those receiv-
ing the drug and most frequent events were ulcerative
und erosive lesions localized at the alveolar mucosa and
tongue [16-19].
Even if the perioperative use of MTX in general or

orthopedic surgery seems to be save [20], the effect on
oral and maxillofacial surgery remains uncertain. Al-
though, it was already shown that oral mucosal healing
is different to healing of on skin areas [21], angiogenesis
and thus endothelial cell differentiation and proliferation
are a key pattern in general wound healing by formation
of new blood vessels, providing migration of leucocytes,
transportation of oxygen and secretion of biologically
active substances [22-24]. Human umbilical vein endothe-
lial cells (HUVEC) have been widely used and generally
accepted for analysis of wound healing in vitro [25,26].
For this reason we studied the in vitro effect of MTX on
proliferation, mitochondrial metabolism and differenti-
ation of human umbilical vein endothelial cells.

Methods
Cell culture
According to the method of Jaffe et al., HUVECs were
obtained from the veins of human umbilical cords of
healthy donors [27]. The whole processing was performed
under sterile conditions after disinfection of the cord
by use of 70% ethanol (AppliChem GmbH, Darmstadt,
Germany). Firstly areas of the cord, which were mani-
pulated by clamps, were cut off. The umbilical vein was
identified by inspection, cannulated with a blunt 14 gauge
needle and rinsed with phosphate buffered saline (PBS-
Puffer Dulbecco, Biochrom AG, Berlin, Germany). After
eliminating PBS and obturating the other side of the cord,
the vein was filled with collagenase 0.05% (Roche Diag-
nostics GmbH, Mannheim, Germany) and incubated for
10 minutes at 37°C. To facilitate cell detachment, the cord
was massaged and squeezed after incubation time. The
vein was perfused with endothelial cell growth medium
(Promocell, Heidelberg, Germany) and the cell containing
solution was collected. Cells were harvested by 7 minutes
of centrifugation at 1200 rpm. The platelet was resus-
pended with endothelial cell growth medium and seeded
into previously 0.5% gelatine-coated culture dishes at 37°C
in a humidified atmosphere with 5% CO2. Until reaching
confluence, the medium was changed every second day.
After HUVECs were second time passaged by incubating
the confluent monolayer with 0.05% trypsin/0.02% EDTA
solution and replating, cells were taken for experimental
procedure. They were seeded into 24 well-plates (TPP
AG,Trasadingen, Switzerland) at concentrations of 1×10
cells per well and incubated for two more weeks with a
solution of culture medium supplemented with MTX at
concentrations ranging from 0 nM (control) to 1000 nM,
according to MTX concentrations found in patients
serum [28]. Additionally cells were cultured under the
same conditions on culture dishes of 87.2 mm diameter
(NUNC, Langenselbold, Germany). Control samples, cul-
tured in medium without MTX, were created for each
point of investigation. An exponential dilution series of
cells with 1 × 10 cells per well as a starting point, was used
to check the method and to ensure that the cells used for
experiments were in the exponential growth phase. Since
the beginning of the experimental procedure cell mor-
phology was monitored daily by phase-contrast light
microscopy. All samples were done independently in
double triplicates (total n = 516). Medium was changed
twice weekly. The experimental design was approved
by the Ethics Committee of the Faculty of Medicine,
University of Muenster. Written informed consent for
participation in the study was obtained from all donors of
umbilical cords.

Cell counting
To determine the rate of cell proliferation in MTX and
control samples a digital photo (NIS Elements 2.20,
Nikon Instruments Inc., Melville, NY, USA) of each well
was taken on days 1, 3, 6, 8, 10 and 14 after the begin-
ning of the experimental procedure. Method was stan-
dardized, using a Java-based image processing program
(Image J Cell Counter, National Institute of Health, USA).
Two different, blinded examiners were instructed to count
the visualized, living cells per unit area. The proliferation
rate was calculated by the ratio of living cells at starting
point (day 0), compared to trial days 1 to 14. Interrater
reliability was tested, calculating Cohen’s kappa by
using SPSS software (version 15.0; SPSS Inc., Chicago,
Illinois, USA).

Viability assay
According to the above described protocol the viability,
more precise, the mitochondrial activity of living
HUVECs, was measured by performing a 3-(4,5-dimeth-
ylthiazol-2-yl)2,5- diphenyl-tetrazolium bromide (MTT)
assay (SigmaAldrich Co., St. Louis, MO, USA). The assay,
as described by Pannecouque et al., was slightly modified
and done for all samples (1- 1000 nM) including control
without MTX addition [29]. For this, cells were incubated
for one hour with 1 ml MTT solution (0.25 mg/ml
medium) at 37°C in a humidified atmosphere with 5%
CO2. Within incubation time living cells metabolised the
MTT to formazan crystals. Thereafter, medium was aspi-
rated and 200 μl of propanol was added to lyse the cells



Figure 1 HUVECs phase light microscopy 10×, day 10 typical
endothelial morphology, confluent monolayer without MTX
addition (control).

Figure 2 HUVECs phase light microscopy 10x, day 10, missing
of typical endothelial morphology, no confluent monolayer at
1000 nM MTX. Red arrows mark exemplary diminished cell-cell
interaction.
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and dissolve the released formazan crystals (n = 180). To
complete dissolution of the formazan salts, plates were
placed on a vibrating platform shaker for 10 min. The
extinction value was measured at a wavelength of 570 nm
using an enzyme-linked immunosorbent assay reader
(μQuant, Biotek instruments, Bad Friedrichshall, Germany).

Immunostaining
To characterize differentiation of HUVECs while MTX
addition, the expression of extra cellular matrix proteins
(e.g. CD31, von Willebrand factor, alpha smooth muscle
actin, SigmaAldrich Co., St. Louis, MO, USA) was mea-
sured. Additional culture dishes (0-1000 nM MTX) were
used for immunostaining. When control samples reached
confluence, the expression of CD 31 and von Willebrand
factor (vWF) as well as alpha smooth muscle actin
(α-SMA, negative control) was determined. Cells were
washed twice with phosphate buffered saline and fixated
for 20 minutes at −20°C. One hundred microL of blocking
solution (CANDOR Bioscience, Wangen, Germany) was
used for each sample and a period of 15 minutes. Accord-
ing to the manufacture’s instruction, primary antibodies
(CD 31, vWF, α-SMA) as well as secondary antibodies
(Alexa Fluor 488, Life Technologies, Carlsbad, Canada)
were incubated for 60 minutes at 37°C (n = 30).

Statistical analysis
All statistical analyses were performed by a statistician
using SPSS software (version 16.0; SPSS Inc., Chicago,
Illinois, USA). To distinguish between groups of different
MTX- concentrations (0-1000 nM) we performed analysis
of variance (ANOVA, post hoc Tamhane T2 – test). Inter-
rater reliability was tested calculating Cohen’s kappa.

Results and discussion
Cell differentiation
Between second passage and the end of experimental pro-
cedure the typical endothelial morphology of HUVECs
was seen by daily phase light microscopy (Figure 1). At
the starting point they were tightly packed, uniformed,
polygonal cells, reaching a stable, confluent monolayer.
Mean diameter of HUVECs was 18.72 ± 0.91 μm, assessed
by electronic particle counter (CASYI®, Schärfe System
GmbH, Reutlingen, Germany). Within the first three days
of investigation no differences between MTX and control
groups was observed. Thereafter, cell behaviour and mor-
phological characteristics began to differ, without affecting
cell differentiation in general. With increasing MTX con-
centration and longer duration of the trial, cells were pro-
portionally less tightly packed and not that uniformed,
polygonal when compared to control samples (Figure 2).
Mean diameter increased slightly to 19.57 ± 0.79 μm with-
out statistically significant difference compared to starting
point (p = 0.692, t-test). However, expression of epithelial
proteins was not affected by MTX addition in general.
Cells were still synthesizing CD31 and vWF as proven by
immunostaining (Figures 3 and 4). Nevertheless, dimin-
ished cell-cell interaction was seen at all MTX concentra-
tions but without remarkable proportionality to rising
MTX concentration when compared to control (Figures 5
and 6). All samples of α -SMA expression were negative
(data not shown).

Cell proliferation
Table 1 presents the measured cell number per unit area
for every MTX concentration on days 1, 3, 6, 8, 10 and
14. Concerning proliferation of endothelial cells after
administration of different concentrations of MTX we
observed no differences in relative cell number neither
between different MTX levels nor compared to control



Figure 3 CD 31 expression at control after 10 days. Figure 5 vWF expression at control group after 10 days.
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group without MTX addition. From day 6 on, a signifi-
cant inhibiting effect between groups of various MTX-
concentrations was noticed, however not reaching the
defined level of significance (p > 0.05, ANOVA). On day 6,
difference concerning the relative cell number was highly
significant with p < 0.001 between controls (no MTX) and
MTX-concentrations of 10, 100 and 1000 nM. Between
control and 1 nM MTX the difference was not yet signifi-
cant (p = 0.056). Between 1 nM MTX and other MTX-
concentrations (10, 100 and 1000 nM), inhibitory effect
also reached statistical significance (p-values 0.026, 0.003
and 0.006, respectively). From day 8 on, the inhibition of
cell proliferation as measured by cell counting was highly
significant (p < 0.001) for all four administered MTX-
concentrations compared to control. For all measure-
ments, interexaminer reliability was high with Cohen’s
kappa κ = 0.924.
Figure 4 CD 31 expression at 1000 nM MTX after 10 days
of incubation.
Cell viability
Within the first 72 hours of MTX incubation the mito-
chondrial activity of all samples (1- 1000 nM MTX) and
control (0 nM MTX) measured by extinction values (MTT
Assay) was relatively equal and slightly rising. With longer
duration, values of the control group were increasing
more rapidly with the highest extinction value on day 10
(E = 0.718). Thus, the highest mitochondrial activity was
observed in the control group. While incubation with
1 nM MTX, an increased extinction value was also found
however, 1.5 fold lower in the control group. The mito-
chondrial activity measured at 100 and 1000 nM MTX was
relatively unaltered. Statistical analysis of group compa-
risons showed high significant differences (p < 0.001) for all
four MTX groups compared to control, from day 6 on.
Additionally, inhibition of mitochondrial activity was sig-
nificantly less strong in the 1 nM MTX-group compared to
Figure 6 vWF expression at 1000 nM MTX after 10 days of
incubation. Diminished cell-cell interaction could be seen by high
frequency of dark gaps between single cells.



Table 1 Results of cell count

Cell number per unit Control 1 nM MTX-concentration

10 nM 10 nM 10 nM

Day 1 mean 13.50 17.83 28.67 25.50 33.17

SD 4.76 5.74 13.55 9.01 7.49

95% CI 10.48-16.52 11.81-23.86 14.45-42.88 16.05-34.95 25.30-41.03

Day 3 mean 37.58 54.02 74.01 65.83 85.17

SD 15.72 19.22 18.24 9.04 12.07

95% CI 27.59-47.57 33.84-74.16 54.86-93.14 56.34-75.32 72.50-97.84

Day 6 mean 159.92 110.67 69.33 63.67 70.50

SD 47.86 15.85 19.63 7.23 10.21

95% CI 129.51-190.33 94.04-127.30 48.73-89.94 56.08-71.25 59.78-81.22

Day 8 mean 222.04 97.51 59.83 56.17 63.67

SD 40.72 18.08 23.09 12.70 12.31

95% CI 192.13-247.87 78.53-116.47 35.60-84.07 42.84-69.50 50.75-76.58

Day 10 mean 221.17 68.00 31.17 33.53 36.33

SD 51.30 30.68 7.71 16.79 6.22

95% CI 188.57-253.76 35.80-100.20 23.08-39.25 15.88-51.12 29.81-42.86

Day 14 mean 210.92 90.83 41.17 37.83 40.83

SD 55.25 49.06 8.09 16.52 11.48

95% CI 175.82-246.02 39.34-142.34 32.68-49.65 20.49-55.17 28.79-52.88

SD = standard deviation; 95% CI = 95% confidence interval.
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MTX- concentrations of 10, 100 and 1000 nM (p < 0.001).
These significantly dose-dependent extinction values found
by use of MTT-assay are shown in Figure 7.

Discussion
Only little interest has been focused on MTX induced
oral toxicity, despite various case reports dealing with
chronic oral ulceration, sore, or recurrent stomatitis
during low-dose MTX therapy [30,31]. As described by
Katalanzis et al., the variety of oral lesions ranges from
nonhealing ulcers to destructive lymphomalike lesions
[32]. Other authors presented cases of progressing necro-
tizing ulcerative gingivitis involving lips and oral mucosa,
Figure 7 Results of MTT assay, significant dose-dependent inhibiting
chronic ulcer of the hard palate and MTX therapy-related
impairment of the oral mucosa in general [33]. It is
thought that clinically observed side effects are signs of
systemic conditions leading to direct MTX toxicity, which
were tried to be reduced by supplementary folic acid treat-
ment. However, the reduction of oral adverse events was
not proofed by statistical significance [34]. Thus oral ad-
verse events may be underestimated by dentists and max-
illofacial surgeons. Deschaumes and colleges showed that
oral mucosal damage is initiated by endothelial cell death
[35]. For this reason, we chose endothelial cells for investi-
gating basic healing patterns by knowing that they are not
specific for the oral or facial region, but indispensable for
effects of MTX on mitochondrial activity and viability.
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wound healing in general. In most cases, lesions dis-
appeared slowly compared to clearance half-life when
interrupting MTX therapy [36]. Additionally to slow
cellular clearance of MTX glutamates, we propose an
endothelial cell mediated mechanism. Our results sug-
gest the inhibition of proliferation, viability and mitochon-
drial activity of cultured HUVECs by low dose MTX.
Moreover, we experimentally established a dose depend-
ency of inhibitory effects which was missing before [37].
Other studies investigating the effect of MTX as che-
motherapeutic agent suggested an inhibitory effect of
endothelial cell proliferation [38-40]. As far as we know,
only two other research groups investigated the effect of
low dose MTX on endothelial cells with varying results.
Yamasaki et al. found no inhibitory effect at concen-
tration below 10 −7mol L−1, whereas Hirata and colleagues
showed even inhibiting MTX action at 10−9 mol L−1

[41,42]. The latter is consistent with our findings of an
inhibitory effect of MTX on ECs in lower concentra-
tion. With respect to limited experimental procedure, our
in vitro results are not able to represent the complexity
and clinical features of LDMTX associated oral adverse
events but give a hint to possible underlying mechanism
with impact on maxillofacial surgery in patients under-
going LDMTX treatment. Other etiological factors as
well as other cellular targets have to be evaluated
carefully to clarify the nature of clinically observed
lesions. Whether the impairment of oral mucosa leads
to clinically significant changes in wound healing after
dental surgery or not was not yet assessed because of
lacking clinical data.

Conclusion
The impairment of oral health in RA patients may be an
underestimated problem [43]. Clinical observations like
non-healing of oral ulcer, stomatitis or post-interventional
infections can be explained by toxic effects, which are not
securely avoided by folate supplementation. Neovasculari-
sation and thus, endothelial cell function play an import-
ant role in general wound healing also in the oral cavity
[44]. The present in vitro study demonstrated that
even low dose MTX diminished HUVEC proliferation
und mitochondrial activity in vitro suggesting a negative
impact on oral and facial soft tissue. However, further
investigation will be required to understand the detailed
process of oral adverse events caused by low-dose MTX-
therapy. Clinical studies should focus on the perioperative
management and postoperative outcome in dental and
maxillofacial surgery.

Abbreviations
ACR: American college of rheumatology; AICAR: 5-aminoimidazole-4-
carboxamide ribonucleotide; α-SMA: Alpha smooth muscle actin; CD
31: Cluster of differentiation 31; DHFR: Dihydrofolate reductase;
DMARDs: Disease modifying antirheumatic drugs; EULAR: European league
against rheumatism; HUVECs: Human umbilical vein endothelial cells;
MTT: 3-(4 5-dimethylthiazol-2-yl) 2, 5-diphenyltetrazolium bromide;
MTX: Methotrexate; ORIF: Open reduction and internal fixation;
RA: Rheumatoid arthritis; vWF: Von Willebrand factor.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
All authors read and approved the final manuscript. TA and KW established
and designed the experiments. CK helped to collect the data. KW and JK
analyzed the data. TA wrote the paper. JK and TS helped to drop the
manuscript.

Acknowledgments
We thank Hildegard Segbert and Irene Grabiniok for excellence technical
assistance.
We acknowledge support by Deutsche Forschungsgemeinschaft and Open
Access Publication Fund of University of Muenster.

Author details
1Department of Cranio-Maxillofacial Surgery, University Hospital of Muenster,
Research Group Vascular Biology of Oral Structures (VABOS), Waldeyerstr.30,
Muenster 48149, Germany. 2Department of Cranio-Maxillofacial Surgery,
Fachklinik Hornheide at the Westphalian Wilhelms University of Muenster,
Muenster, Germany.

Received: 18 December 2013 Accepted: 12 May 2014
Published: 22 May 2014

References
1. Salomon JA, Wang H, Freeman MK, Vos T, Flaxman AD, Lopez AD, Murray

CJ: Healthy life expectancy for 187 countries, 1990–2010: a systematic
analysis for the Global Burden Disease Study 2010. Lancet 2013,
380(9859):2144–2162. doi:10.1016/S0140-6736(12)61690-0.

2. Bornstein MM, Cionca N, Mombelli A: Systemic conditions and treatments
as risks for implant therapy. Int J Oral Maxillofac Implants. 2009,
24(Suppl):12–27.

3. Guggenheimer J: Oral manifestations of drug therapy. Dent Clin North Am
2002, 46(4):857–868.

4. Scott DL, Wolfe F, Huizinga TW: Rheumatoid arthritis. Lancet 2010,
376(9746):1094–1108. doi:10.1016/S0140-6736(10)60826-4.

5. Alamanos Y, Voulgari PV, Drosos AA: Incidence and prevalence of
rheumatoid arthritis, based on the 1987 American College of
Rheumatology criteria: a systematic review. Semin Arthritis Rheum 2006,
36(3):182–188. Epub 2006 Oct 11.

6. Jacobs JW: Optimal use of non-biologic therapy in the treatment
of rheumatoid arthritis. Rheumatology (Oxford) 2012, 51(4):iv3–iv8.
doi:10.1093/ rheumatology/kes083. Epub 2012 Apr 19.

7. Visser K, Allaart CF, Huizinga TW: Use of methotrexate in undifferentiated
arthritis. Clin Exp Rheumatol 2010, 28(61):S117–121. Epub 2010 Oct 28.

8. Sokka T: Increases in use of methotrexate since the 1980s. Clin Exp
Rheumatol 2010, 28(61):S13–20. Epub 2010 Oct 28.

9. Singh JA, Furst DE, Bharat A, Curtis JR, Kavanaugh AF, Kremer JM, Moreland
LW, O‘Dell J, Winthrop KL, Beukelman T, Bridges SL Jr, Chatham WW, Paulus
HE, Suarez-Almazor M, Bombardier C, Dougados M, Khanna D, King CM,
Leong AL, Matteson EL, Schousboe JT, Moynihan E, Kolba KS, Jain A,
Volkmann ER, Agrawal H, Bae S, Mudano AS, Patkar NM, Saag KG: 2012
update of the 2008 American College of Rheumatology recommendations
for the use of disease-modifying antirheumatic drugs and biologic agents
in the treatment of rheumatoid arthritis. Arthritis Care Res (Hoboken) 2012,
64(5):625–639. doi:10.1002/acr.21641.

10. Kruüger K, Wollenhaupt J, Albrecht K, Alten R, Backhaus M, Baerwald C,
Bolten W, Braun J, Burkhardt H, Burmester G, Gaubitz M, Gause A,
Gromnica-Ihle E, Kellner H, Kuipers J, Krause A, Lorenz HM, Manger B,
Nuesslein H, Pott HG, Rubbert-Roth A, Schneider M, Specker C,
Schulze-Koops H, Tony HP, Wassenberg S, Mueller-Ladner U: German 2012
guidelines for the sequential medical treatment of rheumatoid arthritis.
Adapted EULAR recommendations and updated treatment algorithm.
Z Rheumatol 2012, 71(7):592–603.



Annussek et al. Head & Face Medicine 2014, 10:19 Page 7 of 7
http://www.head-face-med.com/content/10/1/19
11. Malaviya AN, Sharma A, Agarwal D, Kapoor S, Garg S, Sawhney S: Low-dose
and high-dose methotrexate are two different drugs in practical terms.
Int J Rheum Dis 2010, 13(4):288–293. doi:10.1111/j.1756-185X.2010.01564.x.
Epub 2010 Aug 16.

12. Yazici Y: Long-term safety of methotrexate in the treatment of
rheumatoid arthritis. Clin Exp Rheumatol 2010, 28(61):S65–67.
Epub 2010 Oct 28.

13. Hider SL, Bruce IN, Thomson W: The pharmacogenetics of methotrexate.
Rheumatology (Oxford) 2007, 46(10):1520–1524.

14. Brinker RR, Ranganathan P: Methotrexate pharmacogenetics in
rheumatoid arthritis. Clin Exp Rheumatol 2010, 28(61):S33–39.
Epub 2010 Oct 28.

15. Tian H, Cronstein BN: Understanding the mechanisms of action of
methotrexate: implications for the treatment of rheumatoid arthritis.
Bull NYU Hosp Jt Dis 2007, 65(3):168–173.

16. Carpenter EH, Plant MJ, Hassell AB, Shadforth MF, Fisher J, Clarke S,
Hothersall TE, Dawes PT: Management of oral complications of
diseasemodifying drugs in rheumatoid arthritis. Br J Rheumatol 1997,
36(4):473–478.

17. Hoekstra M, van Ede AE, Haagsma CJ, van de Laar MA, Huizinga TW,
Kruijsen MW, Laan RF: Factors associated with toxicity, final dose, and
efficacy of methotrexate in patients with rheumatoid arthritis.
Ann Rheum Dis 2003, 62(5):423–426.

18. Strand V, Cohen S, Schiff M, Weaver A, Fleischmann R, Cannon G, Fox R,
Moreland L, Olsen N, Furst D, Caldwell J, Kaine J, Sharp J, Hurley F,
Loew-Friedrich I: Treatment of active rheumatoid arthritis with
leflunomide compared with placebo and methotrexate. Leflunomide
Rheumatoid Arthritis Investigators Group. Arch Intern Med. 1999,
159(21):2542–2550.

19. Pedrazas CH, Azevedo MN, Torres SR: Oral events related to lo w-dose
methotrexate in rheumatoid arthritis patients. Braz Oral Res 2010,
24(3):368–373.

20. Bissar L, Almoallim H, Albazli K, Alotaibi M, Alwafi S: Perioperative
management of patients with rheumatic diseases. Open Rheumatol J
2013, 7:42–50. doi:10.2174/1874312901307010042. eCollection 2013.

21. Szpaderska AM, Walsh CG, Steinberg MJ, DiPietro LA: Distinct patterns of
angiogenesis in oral and skin wounds. J Dent Res 2005, 84(4):309–314.

22. Balaji S, King A, Crombleholme TM, Keswani SG: The Role of Endothelial
Progenitor Cells in Postnatal Vasculogenesis: Implications for
Therapeutic Neovascularization and Wound Healing. Adv Wound Care
(New Rochelle) 2013, 2(6):283–295.

23. Kim KL, Song SH, Choi KS, Suh W: Cooperation of endothelial and smooth
muscle cells derived from human induced pluripotent stem cells
enhances neovascularization in dermal wounds. Tissue Eng Part A 2013,
19(21–22):2478–2485.

24. Wong VW, Crawford JD: Vasculogenic cytokines in wound healing.
Biomed Res Int 2013, 2013:190486. doi:10.1155/2013/190486.
Epub 2013 Feb 28.

25. Hettler A, Werner S, Eick S, Laufer S, Weise F: A new in vitro model to
study cellular responses after thermomechanical damage in monolayer
cultures. PLoS One 2013, 8(12):e82635.

26. Lam HW, Lin HC, Lao SC, Gao JL, Hong SJ, Leong CW, Yue PY, Kwan YW,
Leung AY, Wang YT, Lee SM: The angiogenic effects of Angelica sinensis
extract on HUVEC in vitro and zebrafish in vivo. J Cell Biochem 2008,
103(1):195–211.

27. Jaffe EA: Culture of human endothelial cells. Transplant Proc 1980,
12(3 Suppl 1):49–53.

28. Leeb B, Dunky A, Ogris E, Wohanka A, Schenk G, Gaismayer K, Eberl R:
Methotrexate serum-level determinations during low-dose therapy of
rheumatoid and psoriatic arthritis. Int J Clin Pharmacol Res 1989,
9(3):209–215.

29. Pannecouque C, Daelemans D, De Clercq E: Tetrazolium-based colorimetric
assay for the detection of HIV replication inhibitors: revisited 20 years later.
Nat Protoc 2008, 3(3):427–434. doi:10.1038/nprot.2007.517.

30. Sandoval DM, Alarcón GS, Morgan SL: Adverse events in
methotrexate-treated rheumatoid arthritis patients. Br J Rheumatol.
1995, 34(Suppl 2):49–56.

31. Nikitakis NG, Brooks JK: Chronic ulcer in the hard palate.
Methotrexate-induced oral ulceration. Gen Dent 2009, 57(1):89–92.
32. Kalantzis A, Marshman Z, Falconer DT, Morgan PR, Odell EW: Oral effects of
lowdose methotrexate treatment. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2005, 100(1):52–62.

33. Troeltzsch M, von Blohn G, Kriegelstein S, Woodlock T, Gassling V, Berndt R,
Troeltzsch M: Oral mucositis in patients receiving low-dose methotrexate
therapy for rheumatoid arthritis: report of 2 cases and literature review.
Oral Surg Oral Med Oral Pathol Oral Radiol 2013, 115(5):e28–e33.
doi:10.1016/j.oooo.2012.12.008.

34. Shea B, Swinden MV, Tanjong Ghogomu E, Ortiz Z, Katchamart W, Rader T,
Bombardier C, Wells GA, Tugwell P: Folic acid and folinic acid for reducing
side effects in patients receiving methotrexate for rheumatoid arthritis.
Cochrane Database Syst Rev 2013, 5. CD000951. doi:10.1002/14651858.
CD000951.pub2.

35. Deschaumes C, Verneuil L, Ertault-Daneshpouy M, Adle-Biassette H, Galateau
F, Aïnoun F, Micic-Polianski J, Janin A, Ameisen JC: CD95 ligand-dependant
endothelial cell death initiates oral mucosa damage in a murine model
of acute graft versus host disease. Lab Invest 2007, 87(5):417–429.
Epub 2007 Mar 5.

36. Bauer J, Fartasch M, Schuler G, Schell H: Ulcerative stomatitis as clinical
clue to inadvertent methotrexate overdose. Hautarzt 1999, 50:670–673.

37. Schnabel A, Reinhold-Keller E, Willmann V, Gross WL: Side effects of 15 mg
and 25 mg methotrexate/week for rheumatoid arthritis. Arthritis Rheum
1992, 5:146.

38. Zeng L, Yan Z, Ding S, Xu K, Wang L: Endothelial injury, an intriguing
effect of methotrexate and cyclophosphamide during hematopoietic
stem cell transplantation in mice. Transplant Proc 2008, 40(8):2670–2673.
doi: 10.1016/j.transproceed.2008.06.038.

39. Merkle CJ, Moore IM, Penton BS, Torres BJ, Cueny RK, Schaeffer RC Jr,
Montgomery DW: Methotrexate causes apoptosis in postmitotic
endothelial cells. Biol Res Nurs 2000, 2(1):5–14.

40. Cwikiel M, Eskilsson J, Albertsson M, Stavenow L: The influence of 5-
fluorouracil and methotrexate on vascular endothelium. An experimental
study using endothelial cells in the culture. Ann Oncol 1996, 7(7):731–737.

41. Yamasaki E, Soma Y, Kawa Y, Mizoguchi M: Methotrexate inhibits
proliferation and regulation of the expression of intercellular adhesion
molecule-1 and vascular cell adhesion molecule-1 by cultured human
umbilical vein endothelial cells. Br J Dermatol 2003, 149(1):30–38.

42. Hirata S, Matsubara T, Saura R, Tateishi H, Hirohata K: Inhibition of in vitro
vascular endothelial cell proliferation and in vivo neovascularization by
low-dose methotrexate. Arthritis Rheum 1989, 32(9):1065–1073.

43. Tsukada T, Nakano T, Miyata T, Sasaki S: Life-Threatening Gastrointestinal
Mucosal Necrosis during Methotrexate Treatment for Rheumatoid
Arthritis. Case Rep Gastroenterol 2013, 7(3):470–475. doi:10.1159/000356817.

44. Swift ME, Kleinman HK, DiPietro LA: Impaired wound repair and delayed
angiogenesis in aged mice. Lab Invest 1999, 79(12):1479–1487.

doi:10.1186/1746-160X-10-19
Cite this article as: Annussek et al.: In vitro inhibition of HUVECs by low
dose methotrexate – insights into oral adverse events. Head & Face
Medicine 2014 10:19.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Cell culture
	Cell counting
	Viability assay
	Immunostaining
	Statistical analysis

	Results and discussion
	Cell differentiation
	Cell proliferation
	Cell viability

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgments
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


