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Hidden Questions on Methotrexate

Sang-Won Lee

Division of Rheumatology, Department of Internal Medicine, Yonsei University College of Medicine,
Seoul, Korea

Since the 1950’s, methotrexatehas been the most widely
used for the treatment of rheumatoid arthritis among vari-
ous disease-modifying anti-rheumatic drugs (DMARDs). In
this review, several hidden questions on methotrexate were
discussed. First, so far, methotrexate has been considered
to improve rheumatoid arthritis by inhibiting cell pro-
liferation through the reduction of synthesis regarding pu-
rine and pyrimidine. Recently, a new concept was pro-
posed that methotrexate could increase the release of ad-
enosine, which subsequently decreases the inflammatory
function of immune cells, and can finally quench the in-
flammation in affected joints of rheumatoid arthritis.
Second, there were only three clinical trials done to di-
rectly compare the efficacy between methotrexate and
biologics. With these results, methotrexate showed com-
parable therapeutic efficacy to biologics, but did not pre-
vent radiological progression. In the future, clinical trials
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to directly compare the efficacy of methotrexate to bio-
logics will be needed. Third, measuring the serum concen-
tration of methotrexate is not appropriate, since circulat-
ing methotrexate is rapidly cleared by cellular uptake or
renal excretion. Methotrexate polyglutamate is a more sta-
ble compound than methotrexate and it is more likely to
relate to efficacy or adverse effects of methotrexate.
Recently, the efforts to measure methotrexate polygluta-
mate in red blood cells have been done to increase ther-
apeutic efficacy and reduce its adverse effects. Fourth,
NSAIDs can decrease the excretion of methotrexate though
renal tubular cells and it may increase the serum concen-
tration of methotrexate and the risk of its toxicity, suggest-
ing that physicians should pay close attention to dose ad-
justments concerning methotrexate combined with NSAIDs.
Key Words. Methotrexate, Action mechanism, Biologics,
Polyglutamation, NSAIDs
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Joltt. 53] AETA AA| F HFE o gt
%74 SH(neutralizing) A9 WS AAs7] A #HE
EdAo]ES] W go] AL 17| wiFel ghE 2o
249 dAAIgol= A7 & Aeltt (10-12).
FZolle WEEDA 0| ES HA F5 ZA o st ==t
1} HEEAA o] EL} H|AH|ZE o] X 49 A|(non-steroidal
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wol Ag5= X gAZ 2l Wil sk (13). v 5 H=
EdNo| Ex X ol & X 83le FAE LM} =
AR et Fubel iAol A AHgEE U FEllA
oA Rl FEed e S A#Mste 7z X
E 71A2 Avslrll ol 7)ol = F 7HA 7h
Aol AA =] et

A WA AAE FdS 71A 7P mEEH A0 ETL
w2 A BAs}= A|ENA] 4] AbAs(reactive oxygen spe-
ciesy®] HAE FEATHE Aolth vEEA MO S A
EA 9] I-AAeHE (peroxide) EEE STHIAA AIE S
g ofdlsha, Wi YA TAS Folshd 24 oA
71 oLo.
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o] Zra¥ltl (14). Ak, A E FAo] AZ3slA] g2
uloF Al & (primary cell culture)t} FEEHollA]= o]
AE2E FAE H ol oA Xt
HEE 20| E7} vhekat AY5hehE Q] vk
|2 7] (methyl group)®] Ho1&4<Q] tetrahy-
drofolate & A Asle], 3ol T Q3 transmethylation
g5 AAISHA Hrk= Zlolvt (15). AR, Fulbe] 23k
31212 S FT AllZE(neutrophil)ol] transmethylation H:
Alel= AHEQ AAAE FstS wll AlE9
B A Zolle A XA X (16).
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Figure 1. Simplified representation of the effect of methotrexate on adenosine metabolism. Polyglutamate methotrexate inhibits AICAR
transformylase, resulting in the intracellular accumulation of AICAR, which inhibits adenosine deaminase and AMP deaminase.
Consequently, irreversible degradation of adenosine to inosine is inhibited as well as the conversion of AMP in IMP. Subsequently,
AMP is extracellularly converted to adenosine by the ecto-5-nucleotidase. AICAR, S-aminoimidazole-4-carboxamide ribonucleotide; ENT,
equilibrative nucleoside transporter; FAICAR, 10-formyl AICAR; FGAR, 10-formyl GAR; GAR, glycinamide ribonucleotide; IMP,

inosine monophosphate; 5'-NT, 5'-nucleotidase.
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A Bt} % aminoimidazole carboxamide ribonucleotide (AI-
CAR) tranformylase S T 7Z&E3}A] JAlgcta g4 9
t} o] 49 AAE B4 AICARS AE Y 557 =
7}5}3L AMP deaminaseol] 73 A& 9l JAE F3llA ZAAHA
o2 Al W AMP 555 T7HIF1A "k S7Hd AMPE
AE Hrog RBB|EF adnosinel® AHSHHZH 1)
(17,18). HFH & adenosine &4 2 AS FoJslAL)
EAE dAlste T= 945 EdddA mEEN | EE
adenosines FMA YAF I E Hol= o Z ZHF
At (19). o|2F o2 AH | el 710 adeno-
sine T-&X1¢] ZgA| AL w17l HEEZ Ao EL] 3}
AT AIE A Ao g AAE e, 3l ¢
A gV R ATl A Ao o3 W EEA
o|E9] aItE UFEvhe AEL A Xt 2021). HE
EddolEe] gdF AFe A FHF FollAl Alx
A AA Adte e, vlE 9 2R ko] gle vk
H, 7FH=AL bEEAN o] Ed] olall4 Z7}= adenosine
9} Qo] e Ao 4ElA gk Adenosine &
Al A13} A2Bell Agtslo] 7ke] AW E HF A7) 4L, 8
Al A2A8} Adtsle] 7H3ME e 7 Aok (22,23).
o] ol A At ule} Fo], WIEEHA o] Ex thrs
T Flelvd o] A AN E SlA Az T4 o
At 7142 Sl dds 2aIE Hole Zlo] ohgl,
adenosine®] #-H] S ZXsl3, HH]% adenosine -rrH]-E]
Ao L A5l ol T57,
ARAES], Q4T 9T 8 A58 SrozA Ful
Gagesl ARARAS) E3hE Heltkn ¢ 4 sl
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HEEANO|EE AETH AA 2EAd A2
7R HEEZA | EE HFER 3} o|Z] DMARDs
9 ZI7) A= 9a, 271A] o] A9 w3t e A EojA]
£ A3E odojgkr}. 3Rk, 71E 2] DMARDsol| Z3H5
HolA| 23 AL B34 AES X EAl e o F
7} 99t} o]l 2] TNF-alpha A A& Al#toz 3 t}
F3t A=A AAE del ALER Y3, W2 T]E
FAloll Z5H Y A5 olelelle 12} FAZ AFelE o
T 35 v} v} (24,25). DMARDsel| vl sl 4] &34
AAE A g A7) whEA et gae] SRR E

= 3z

7] Wil &3 X 5o st o AEE AA 2
HAEFE Al she Zlo] "ol ﬂ?ﬂ 1, 2 Zoll=

W EEdAo]E] X8 HItell gt Az o] o] FolA L
Aar, 58] AESA Aol vlsA A5 X & LIHE
1 Aolghe wtadgt Aztel 2L TAS WA 2 et
AF7A kel AESA AlAS] it R JdAEe] A
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A v e o] 2o}

th(E D).
ERA trial

E=

Etanercept®} H|EEZ o] EE
A Y FAE e Z 632 8] Futel =3k ] St 3

x
Aol 241 10 mg?t 25 mg= o

91 t}. Etanecept

Table 1. Comparison of efficacy of methotrexate to biologics in rheumatoid arthritis
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PREMIER

AMBITION

Number of subjects 632 —512 (24 months)

Drug 1. Etanercept 10 mg, 25 mg
2. Methotrexate 7.5 mg
—15 mg (4 weeks)
—20 mg (8 weeks)
Efficacy ACR20 at 12 months

Etanercept (72%)
Methotrexate (65%)

Sharp total score at 24 months
Etanercept (T 1.3)
Methotrexate (1 3.2)

Radiological progression

799

1. Adalimumab 40 mg

2. Methotrexate 7.5 mg

—15 mg (8 weeks)

—20 mg (9 weeks)

3. Adalimumab plus methotrexate
ACRS50 at 12 months

Adalimumab (41%)

Methotrexate (46%)

Adalimumab plus methotrexate (62%)

Sharp total score at 24 months
Adalimumab ( 15.5)

Methotrexate (1 10.4)

Adalimumab plus methotrexate (T 1.9)

673

1. Tocilizumab 8 mg
2. Methotrexate 7.5 mg
—20 mg (8 weeks)

ACR20 at 24 weeks
Tocilizumab (69.9%)
Methotrexate (52.5%)
ACR50 at 24 weeks
Tocilizumab (45%)
Methotrexate (33%)
DAS28 remission rate
Tocilizumab (37.6%)
Methotrexate (12.1%)
Not available
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P, MEEAN | EE F & 75 mgo & AJEslo] 45
Lol& 15 mgl & 8F Foll= 20 mgo 2 Sl A
670 Z9F etanercepts= Wl EE 2 Ao] Eof H]alA] w2 |
B HESE HAA, 2 o5 e/fY F]tele 7 kA
ZF e °]‘ A& &z Aol HolA ekskeh 12704 A,
HEEAHo|ELE Fof nbd 31219 65%01 A 25 mg eta-
nercept% oF HF-2- 31-219] 72%0l4] ACR20S WH&531S)
3, 7 7 AR AL slgel WAl A
P A 671Y ¢ HEELA O E Fof FollA] A #
Zxgov, 208 A Hrtol e 7 7 Aol 9
th. o], 51278 9] A7t 27k A] AAE AlRdell o &
39131, Z8EA] ACR response= H|53H A& B} )
Auk, WAl AP WEE o] E Eok Fof| 4]
FA =4 #Z= 9t Sharp total scores K HE
Ed o] E FoF FollA] 32 Z7}3E v | etanercept T2F
TolAE 1302 vlad AL P& Byt o] & otuf
= ;‘d 6N Eo]. AL;HXJQE o _9_31:4 u-]]EE a—ﬂ,q]o]
E7} 209 B9k EokEglEl Aol 7|elsls Aoz Azt
Hw, 270 454 X 5ol 3t e o= olaf|=ct
24).

PREMIER trial

79978 9] FulelaBAd FAE WYL E 40 mg adali-
mumab¥} HEEZAo]|E T8 F kAl W ey o
2 AP5 4 Agdelct Adalimumab®] & IR
AR, MEEAA | EE F T 7.5 mgo &2 A2}
o] J o A] 8F Aol 15 mge & 93 Aol 20 mgo & ZeF
sk 19 ¥, W EEA A 0] E9} adalimumab TS 2 H
7F ACR502 Apol& HolA] gkgkot, W3t @™ol ulafA
T FY3HA I vlE9 At 23 AHEHIEE A
o] E 46%, adalimumab 41% vs combination 62%). T3k 21
o= fFARE kel A uhe AEE By, 53 ¥
3 e¥ellA X5 At A FREY e 7 kAl 2
= oy FoF 7k o3 Xpol& glodch HbHell WAk
Al AP I kAl 7 Hpol & Hydek 21 ¥, Sharp
total scores HH, H|EEH o] E FoF Fo|A] 104 =7}
g HbH | adalimumab 5-2F ol 4] 5.5, W @ FoF :r__LC'ﬂ
Al 19 71 3L, o]l Al 7 EAIF YulE HS

o] dFoll A, ERA trial®] ZA7}te} wp7tA &2, Wl EE A
olEx= A X8 FI}ol|A = adalimumab =5 2 I}
A ARE Koy, WAL A Al A= 1] 53
AnE HolA Xt (25).

AMBITION trial

6737 9] Fule]l 234 IAE WA= IL-60 ek
HZE2AQ tocilizumab?} HEEAA O] EE w23t <l
:'Lo]r;]_ ];H/l]— _’6].;(}_5,9_ uﬂEE EJ]/q]o] EJ—:—'_ li’__g.’c‘;‘]— pal 0] 04
ALy, H a3k AT Al# ol ARE = 834 g3l
A Z 83t 8 mg tocilizumabg & ol g FoF
b o MESAAOIES F P 75 mpe Al2sho]

4

o144

8F7HA] 20 mg7tAl S FF e o F Esle] Hrt
stk 24F A, H|EE & A o] EQ} tocilizumab F2F ol
Al ACR202 Z+7} 52.5%9} 69.9% %31, ACRS0E 27} 33%
Q) 45% F JE, tocilizumabo] H|EE 2 Ajo] Eo] v] &} 4]
-3 X g a3E 2l DAS28 remission rate’= 12.1%
9} 37.6% Z tocilizumab F-2F FollA =4 H7l=|Qle) o]
AT e WAATH Q] Rl it Hrbe AsA

R84

o3kt

olgel A¥E Foal B, Ml EEH A 0] EX etanercept
1} adalimumabel] H]slA & 53 43 X8 a5 H
°in”¥ H]—/l]-/(—]‘b‘]— J ;ﬂsg_oa_ _—§_J/]_;_<3' oz ‘:‘LX]—— 1,

8} IL-6 THEF-E38A] AA|Q] tocilizumabE the Y2 X8
BE Hch Al AF EFolA AEH AAE FoF
12 oA ] whE X8 335 s =, ol
oFe] g Ql 7| Kol ABESHH AA7} o] whE <Fe] AES
Kol 77 vl o] AZF Aol izt A=Al 7=
S FHe Ao E AHE & dEEA o] Ex ]
= TNF-alpha S A|A|¢} 553 X8 A5 HYgolE &
Tk, WA RS Ao g A=
e} o] 2F o7 2259S u, 3719 o] = A
T ek AA|, M EEAA | EL 27| 2149 5t A
o8 Jo gsko g Eokr|glt} Sx, Wl EEU o] EX
A A& FEA ol2ed AETH AA Kt i
o2 71 Azte] Haslcl. A, TNF-alpha A A= 3=
AEE] 75e dAls= &7t et
AEA o7 vEEAN O EL AETH AAH =
Al A5t mntE 2, wEkA AESH AAE 2944
Al &= ojof strh FrHAste] g Adol AZ-
oJA & Folof & Zlo|t} 53] mlEEHA | ES BAHE
FAE B HNE-AR sER whE &5 T 3
< v} DMARDs9}] Mt a & 53 7]Ee] AEE
2 AlA|eke] 23 vl 4 A7 A gPE]ojof & A
2 A7k

N

A WEEAN O EL FE FAo| =] Hrh?

EEe o] B w qhAlshuA Hasl L kB
2 A4 A, A2 Hohe AR elv, o 30%
el o] shatol| A = E o] Eoll th3t U2 X8 &3}
2 Bl ol Aol X & LIS Fol7] Al Al
23 AEEH AA L] AgS sl & 5 dARE AA
2 YA E HREALo|Ee] Fok Zokg A W
she Z3eke] ek #kAE, X5 &IE Fol7] fsliAl =
REo| 9| $S A% o Fesh) Bl Ry
o Mie® whebA] gA5slr] wiitell Fulbel =3 o] X
BT BE F520~25 mg o] 4] vEE Lol e
AebA et BAES H &S A &9 St
g = 9= AA A %7t Qb u-]]EEE—ﬂx-ﬂo]EA .Q.FJ:
& 23 Y s gEgoz 248 4 g Flo|

e
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PN =]
=AX AL

th A, ol H A = A wEEHA|o|EL] FEE B
Y] & 5 e el AFEe] A 3k Aot
HEEZA | Ex A4 FrEola Aier &
gatetrt 2 Aol AAEA Het wEEZA 0] E A
A8 7IHemE AE W o] F3 £H o] ST, 90%
o] vEEH o] Ex 2447k o] o]l Lo g wiEE A
=} d|EEZN o] EE reduced folate carrier (RFC-1)°1] 2]
3l A] folinic acid?} 74 ABA o2 AE HE FF=) Ax
W s EE o] EX glutamic acid residue”} Tl A A T
Qg4 2l polyglutamated e 2 Z203}A] =t} Glutamic
acide TXHH o2 v EE o] ESL Ag}slo] 17]ellA] 5
M| glutamateo] Z3tE Fe| 2 EAsl=dl, o] A& 5H
5| H|EE M 0] E polyglutamate Z F-Et}. H|EE & A|o]
E polyglutamate-> A|&£H 02 A|E Qlol] v FH A AE
A el dgkS uxlc) F2l A 9] AL wEE A o]
E polyglutamatesel] ©Jai4] Fr&1e] A4 # 2] Wil uh=
"t § 491 S-aminoimidazole 4 carboxamide ribonulceotide
transformylase (ATIC)E JAls}HA] o] Fo]Z ). ATICS]
o} A= volrl AICARS AE W £4& Futsta, & 9
Z 375 Ho|+& adenosined] A|E & FEE Z7HA7]A
Ak Fevd dA e odAle o] E3A7E thymidylate
synthetase% A Als} A o] Fo] At} Glutamate residue’}
HEEZA o] EollA] Ha Hbg3 FallA Hol XA =M,
v 24 dEE o] EX multi-drug resistant carrierol] 2]
A4 AE oz Wz 5A Bt Q6.
HEED o] EX oA w2A] AAE 7] wfFol
/KOY—X‘] og o:l u-“EE Eﬂ/q]o] Ef—'— Z_}g—‘—]_,‘:_ 7—]% _"?r%.—g],;(]
Eoje eslel AH4Q A5 Hoht 2Aes Aad
A= 33rE2l HEEAAN O] E polyglutamated] 55 &
ek Zlol AReletel 3 A Rol B 88 ol
FH Toll= FEFollA HEEZA ] E polyglutamate &%
£ A5 Al ZZulE 2= (high-performance liquid
chromatography, HPLC)Z &4 3l= Zlofl tigk X317} =|x
UARE, 2 F&A0l e =7 3R 7t Akt (27).
102592 Frlel S WA AU A
o] E polyglutamate®] &%= F783}3L, $AQY] 4=
Red sk DAS28°Uh, M-HAQ, CRP 58 2418k = vﬂL
HEE&A0] E polyglutamated] S5 AW ] A E A
olofl& Fol3t ABBAIE HolA ekgkr} (28,29). i,
ekg] 8 A stA o] HE AFA]E HEEHA 0 E poly-
glutamate2] F =7} 60 nmoles/liter ]2 73 $-ol] £ <
A4 7Asheh dgbol ek AsHE wnskAl AA vl
EEeAo|Ee] &3 Aol Edol W Aoz Hashy
o (30). $HA, o}A7kA HPLCE 54 AR T4 ol
KN
2u

o u rkﬁ

—_

EE o] E polygutamate 5% 3-'?—754 A4H H 8ol 9l
olA ® 7kA FARS 7HAA 9 ne| =3l o] A
W 8L 22 Aot U2 3Rt 4‘3] off HAd2 vE

Eazlo] = BEA AAE Bl B,

polyglutamate 2]
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F9 gelel S LA Aol g e
A B 7% A e gl A Wasolo &
Releh.

T2 W EELHO)E 125 mgE H|A&H 2=
8 A{F2E7R

| ZEE o] EX thE DMARDsell Bl &l A B3] w2
AZE Hell 218 &3t veb Al absaef X8 23t
£ Holx A8 sk =237 fsliAe 17HY o] 42
A Zko] g st} oof], gJoll A= Futel =gk do] 2
OE 3 HEEAA 0| B F3Tt el AA|, 2
2|44 0l W EEA Qo) Ey) Fokx]|= A3l A Fulel A
WY T4 S fol HliEHlRo|=AagAE W
bl Al A sl g

2011 54 *4%4%*4%%*40%% &7 ok
7S sk, HIEEHA ol E F1 15 mgt b’é
o] FAH &l 6359 bﬂéEﬂEolEi"ézﬂﬂ =3

w1l t}; acemetacin; dexketoprofen, trometamol; ketoprofen

ZGAE

(-lysinate£%¥}); meloxicam; piroxicam; tiaprofenic acid B!
trometanol, tiaprofenate. ©] & FAES T2 15 mg ]3]
WEE o £ g Fubel2uae] BAlA B
o] Ag=o] FW kAlF0]7] wiFeol F FAZ HEF7V
T s ety s EEL A o] EL v H| Eo]
EadAle] AT F ABAE GEAE HlaEE
o|E&gAlE HIEEAA 0| EL] Al Aladt FHE
A HEEZAA 0| EL] A sE S FIHAFEZHA oA =
e 7R 7] Wi, =15 mg/F o9l
HEEZA o] EQ} H|AHZo|E4dAS] HEFoE @)
A gkerb 7t WA E o] Qlet
WEEa ol =g} vl ol adAle] WE Fokol
gk 7)€ AFEE Asdrm, WA 1997 Hiibner -
139 9] Frubel=fAde] A5 FH‘“’i T FAIZEE] A
8-S 2ANIT W BAZES BE vl ezl =
Z2AE B&3kA kowA, F2 15 mge] HEEH Ao
EZ B&3d 3=, 159 E<t vlzH 2ol =454 9]
2E< meloxicams F-&3}7] kA Bt o] & W= E=]
Alo] €} meloxicam®] 87 X5 F783 A¥, E4 vl
EEIAo]EL 55 meloxicam?] FoF A F 2 w3}s}
snon, HEEAN o] Eof| 23 FHFoltt HAA o]
& 272 BEEA skt o]l AAE meloxicams
Aol 28] SFEAS Yol JUE HIAA Yo
FAsEA 31).
Zhgoll sk Al Z 79 A3 55
&3 Y s "?‘333 ek AlE el A B]éﬁﬂi"]-‘i
AAZE MEEAAo|EL A Aa wAdE A=
A
©om

A

%

O

o]

[N

—_

7171 o] organic anion transporter 3 (OAT3)S E3l4] o] Fo]
A2 83 A WA d3 Ay} w5 ¢}, Peritubular flu-
ide] o]z A=< ERK1/2E %34 phospholipase (PLA)2

2y
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£ #A3 A|AA arachidonic acidsE AAsHAl =2
COX-1oll 93l A prostaglandin (PG) E27} AJAE™M ad-
enylate cyclaseE ZAI3}A|A A cyclic adenosine mono-
phosphate (cAMP)2] A W X5 F7HA7Ith 71
cAMP+= protein kinase (PK) AS A=rslar, &4 3lE PKA
= OAT3S &A3kstA] =] A organic anions A% Y2
O|FAIAA FTFHLE lumene Z A sA == Zlojt}.
ojuf, H]ABA cyclooxygenase (COX)-19] JA|(H]2H|Z
ol=4 G A= A3 OAT3E down-regulations}od organic
anion®] 4l Alxd wiAdE Al == Zloltt (32).
Nozaki &< AH#He] A1 24L& o] &3lo] Hl2H|Zol=
Lo Aol <|3k ol E Aol £5] AIE W A13]go] v
© %S 2AR e A9 cox-1 dAAE &%
oEH o8 A AIE ke z o HEEZA 0] EL] o] 53}
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T ©° o

=
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T3 FFHOZ OAT3IE 53 v EEA 0| EQ] ATt
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< "X A & Ao F ol A, 7]ES] el
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Z}A] celecoxib?] HIEEZH Ao E v oA g3t 7|E
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