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Abstract

Objective: This article aims to investigate the levels of erythropoietin (EPO) and tumor necrosis fac-
tor (TNF)-a in children with tumor-associated anemia (CRA), and to investigate the relationship be-
tween them and their correlation with hemoglobin (Hb) levels. Method: Patients (n = 108) with CRA or
non-neoplastic hematological anemia and healthy control are selected. The chemiluminescence
method was used to detect the serum level of EPO and TNF-a. The correlation between EPO and Hb,
TNF-a and Hb, EPO and TNF-« is analyzed. Results: The levels of serum EPO and TNF-« in children
with CRA were significantly higher than those in patients with non-anemia and healthy control
(p < 0.05). But there was no significant difference compared with non-neoplastic hematological
children (p > 0.05). Furthermore, the expected inverse linear relation between serum EPO and Hb
levels was found in CRA, and so did the relation between serum TNF-a and Hb levels (r = -0.41,
-0.48, p < 0.05). But there was no correlation between TNF-a and EPO or O/P (r = -0.16, -0.24, p >
0.05). Conclusion: The feedback hyperplasia of endogenous EPO to anemia in children’s CRA is suf-
ficient. TNF-a is involved in CRA as a negative regulator, but its mechanism of causing anemia is
not related to the inhibition of EPO production.
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HE: A8 ER MRS ML (Cancer-Related Anemia, CRA))LE L4 A i Z (EPO) A HJE
WFEF (TNF)-a/KF, PAERIT B &4 A5 4T 5 (Hemoglobin, Hb)K-FRIAERME. Fik: XM
P (4B e 33 4250 A poRg 6 33 4) A JERPE T 186 . fBEE A LE1SABIRALER I
W2 IMEPEPO. TNF-a/KF, S4HTEPOSHDb. TNF-a5Hb ZEPOETNF-affjtHetE. 8. Mg
I )LIYEEPO. TNF-a/KFBH B & TR IER M & @& )L(p < 0.05), MYER M A )LILEEPOSIER
R M EBERES TSR X (p > 0.05); B R M4 EJLILEEPO. TNF-a 5Hb 2 il K R (r = -0.41.
-0.48, p3¥j<0.05), TNF-a5EPOKO/PHRMIITLGTHFRE X (r = -0.16. -0.24, p¥)>0.05). Fib:
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1. 518§

ANV B T IRYT, BMESE W L, By 2 s A DS EZ I (CRA) . H HT S K AT
Fe2—, WRIHFESE 73 11 A (ECAS) [1]1H &I, 15,367 442097 B A 39%ERE G 6 AN H i K 3%
Ifi.(Hb < 10.0 g/dL). CRA [ R FHLERAR & 4%, @ H RMER A, ERXZEIEN N2 R &N, 7+ H59E CRA
BEAEL, A CRA Jp s 1) A Al R 2 S ECE ™ AR I 22 1M 2].

CRA 35 WA —HB 35 MR R, XM LT M2 1M 2 A I8 M9 35 L (ACD) [3]. ¥ELENLE H H i
RIFERIGHE, BV RIEIRTER F(TNF)-a. EI 2R (IL)-1 S50 R 1 [4] o X Le20 i X 7] Re i
PRI EPO AR R, 453358 it R H ) FH sk D 20 S i (A PR 3G B [5] o X P 1 A REIRAS I 2 5 ML S
FERARW AL, iR ER R IRARAME. FEHEE(ROS) M INZE[6]. XL EZ EAEH, WA~
A5 EPO kL. Rk, W S8 CRA IR R B X EE, JL ARG SN0 M AT I6 T 2 71 -

AT E £ LE CRA LG EPO 7K FA24k, HJG EPO XX 6=, LLK EPO 5 TNF-o 7KV
PIAHDCHE, BRHfAA TC LA TNF-o ARER I 98 AE 4 M 5+ (1 3 & S B LA XS EPO HRBLAIEEAL, 2241 CRA 1)
FARALH o

2. MREFE
2.1 3%
Y 2018 4F 05 H % 2019 4F 12 4 SR b D5 % i 300 L RHASCH 38 )L U 5 M HE R
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Y. 75 B, JRKRPRE N EPERKE G R (ALL) . SEBELI I R (AML) . AR ELR . B REAN SR
P BRI MRS, ST IZ Wi bRitE, R 2T 42(55 26 2 16)%1, Fid 1~14 (7.2 £ 4.8)%; K
M 33 (55 17 L 16)f], i 1~13 (5.3 +2.7)%; RN Tt 18 (55 8 L 10)f, i 1~15 (6.5 +
4.2)%, JE BN AFRGNIET (DAY E 4073 A5G R s 1 g fdREx . 15 (55 8 &
N, Fi% 1~10 (4.2 +3.8)%, REFEEARTTi2HE, LR HBEE SRR & s . UL ErE
BLF ThREFBIE R o FTMLAE X 6~59 D H: <11.0 g/dL; 5~11 % : <11.5g/dL; 12~16 %: <12.0 g/dL [7].
HEBRARE N : 1) WG RHMREEA e85 2) R BAREILE; 3) AiM ke, Bk, MK
R 4) A I HANAS PR SO MR AN S W . RIS 26 . RIEMERSE: 5) HETH BN 44
% B12 UM ERIAYT: 6) 2 AT S, 3 ANAHIIL. ESAs REFIAST L, TP FEAEFARL. 4
1 EPO I SR F X HEAHL . AR 1t 22 M 18 I (B 5T % B IDA 3% EPO [ [ SIS AR e 77 1EH) i Fext
HEZH 15 ;204 TNF-o0 BP0 HRZH: (TN REZE 15 9. A Fid i 3 B K IR R B = A0 B 25 24tk
1S

22. BE

2.2.1. FREARESAE
EURBE G B LANE FRAK L 3~4 ml ACE TE 0 1 70 B AR - BRIl R 21, 4°C, 3000 r/min &
> 5 min, HU_EJZ 75 B T-80°CUKAH A IR AR A7

2.2.2. [M3E EPO, TNF-a #:5
KA RIS TR M RE A I 7S EPO. TNF-a 3R, 57 &M T4 E Siemens A & .

2.2.3. I3& EPO 44k

B 1% EPO 1% 41 log10EPO (IgEPO)HEAT Bl e 4, % Hb £ EPO A AH M #2473k 47 Hb 55 IgEPO
(1T B LR PR [R50 T, 45 20 EE 7 FE(IgEPO = #FE + Ab2e*Hb). B EEFFETEAHN Hb KFEF
IgEPO FiiiH{H, Hil5 Szl IgEPO/TiiiT IgEPO(fE 5 : OfP). XML O/P < 0.80 #&#1 A EPO A Bl 55
[8], IE®XIHE N 1.01+0.11[9].

2.2.4. GitESh

THEBEH SR R % £ W EIHIT R R . ZHRRERS T Z 00T/ KH SNK-q f%,
AN 2 7 22 5 RS BRI IE 1 Welch J7 22 317 5 SR A Games-Howell #5456 o T 58 58k} 2[RI AH 5656 &R 1)
W 7K H Pearson #HX 04T, p <0.05 R ZRAGIE =R L. NA SPSS24.0 X #E i AT Sivt 437
3. R
3.1. AREARIME EPO KFIE{L

HHIAMLTE EPO /KF2 54 gttt 245 X (F = 13.25, p < 0.05). MyR7E M4 ML i EPO /K-F[(341.73 +
314.00) 1U/L]9H & F s IE7T sl EPO /KT-[(86.00 + 14.62) IU/L] M fd FExt 40 EPO /K T-[(32.78 +
45.12) 1U/L] (p #J<0.05), 1H 5AEMRIFTIMLL[(235.26 + 312.23) IU/L] L 2 R LGt o VERLE 1.

3.2. AFEASIMmE EPO KFES Hb B9HE XS4

JibyRg 73 i ZH 1% EPO 5 Hb R AUk A& (r = —0.41, p < 0.01); AR AEZT M 4H EPO 5 Hb A1 L%
22 L (r=-0.26, p > 0.05); JEMIRTT 1ML EPO 5 Hb AHXCHETC G124 X (r = -0.21, p > 0.05); fid)#
XTHEZH EPO 5 Hb AHRIE TGS i 5 X (r = —0.14, p > 0.05)
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Table 1. Serum EPO and TNF-a levels in different groups ( 7 £5)
= 1. NEARMmE EPO. TNF-akF(7+s)

2H 5 % ML A (/L) EPO (mIU/mL) TNF-a (pg/ml)
Jiyga 37 1 25 42 77.83 +15.01" 314.00 + 341.73" 11.64 +9.19
Jigeg Al 22 M 28 30 121.55+9.31 86.00 + 64.62 4224252
A pig 22 i 2H 18 73.00 +20.95" 235.26 + 312.23"
{8 T HE2H 15 126.12 + 5.67 32.78 +45.12 3.16 +0.75
F 34.22 13.25 9.16
p 0.00 0.01 0.01

VE: SRR RA, Mg IETT M AL, "p < 0.05.

ST iR S SR I ZE IgEPO 5 Hb [ 52 IgEPO = 3.85 — 0.02Hb (R? = 0.62, p < 0.05) (.14 1),
IgEPO O/P 0.95 + 0.28, £ 19.05% (8/42) O/P < 0.8
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Figure 1. IgEPO and Hb linear regression lines (black lines) in tumor anemia group and 90% forecast
period (grey line) (R* = 0.62, p < 0.05)

[E 1. PER ML IgEPO 5 Hb BYZ: M EY3%% (B & £5)F0 0% FNHAE (R & 4%) (R = 0.62, p <
0.05)

3.3. FEIAFIME TNF-a 7KFIEKL

B ) I TNF-a ZKF 2 534 G512 5 X (F = 9.16, p < 0. 05) . JHR 72 M4 11375 TNF-a 7K-F[(11.64 +
9.19) pg/mL]W &= F AR AR 2 M4 TNF-a 7KF[(4.22 + 2.52) pg/mL] {8 HE 5t I ZH TNF-a 7K F[(3.16 +
0.75) pg/ml] (p #J<0.05) (IfiLi& TNF-a IE% S % Jil#: 0~8.10 pg/mL).
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3.4. AREILARBIMSE TNF-0 K5 Hb B8 X5

Jib 8 7% 1 4H 13 TNF-a 5 Hb 2796 & (r = —0.48, p < 0.05); YR AE7T 4L fi% TNF-a 5 Hb A
KMETG 2 X (r = —0.25, p > 0.05); @ FExt A 1f11E TNF-o 5 Hb A5 E LG it 2% 5 X (r=-0.19, p >
0.05).

3.5. ARAFIMmE TNF-a 7kFE S EPO BIHEEM 4T

Jib IR 23 20 15 TNF-o 5 EPO K O/P AR M T Ge 247 X (r = —0.16, p > 0.05; r = —0.24, p > 0.05);
JiR AE L ML 2H I TNF-o 5 EPO ARG L Gu i & X (r = —0.23, p > 0.05); fd HExf HZH 7% TNF-a 5
EPO #H KM LG 1T 58 X (r = -0.21, p > 0.05).
4. 7ig

LM, HRIZSMNHE M RBC /b al Hb B2 FRAK, 2 520 i B85 s i oL fa e R 3= [10]. %
PER LR ™ B AR A AT RE S 2 R R EAOCER, BB LIRS . BEWIRRRE . MERARRSA T IR
(55, A H IR NRE TN E TR Z . E BN HRRIE SO R G R R M2 5 T 3 KR 1
[11]0 IXLEPR 20 T3 I B A2 B[R] R H5 A Y H A AT 2

EPO & — Ml ZL4nffl AL St bR . 4l SCERIRIE, B DhREIEH 2T ML EPO & ALl i 72 4,
1% EPO /KPR, HATMHLE] S EPO A FEIR[12]. K Haal IDA B b 28, WA CRA &K
EPO /K-FAHN T-RIH AR, BT CRA HE 1 EPO X3 ML S B B4k I [13]. MUEEARBT 7T, AN
05 IDA B I Al AR SR 2T 6] . 5 EPO ZKFIE W (e BERT R ZH A EL, CRA Hg Fndk s
PEFL MRS EPO ¥ R A, HRE BTG ZES, AFAE EPO B4k, 5 Corazza 55[14] 1B i 4G
SARABh . AH R BT MR 1 Bk 5 9] IDA 41, I0A HARSE R 2 i, HEL X EPO IR PLE TS —HA 1§
WA .

AR ERY] ALL FX 1) LI EPO /KSFAT Hb /KSF 2 [BIAFAE ) LG &, I HL AT Dl i s 5 77 i 1
Hb /KF[15]. AHF TR AE R 2 M &R I T X MR LG R, FE6F EPO A1 Hb #EATZRPE RN #1521
O/P, it 80%HIH | O/P > 0.8, FFUGIERA L EPO X 4 Il B T8tk [16]. ASHF RN R 15 NS 1)
REIE W&, b JEUR AL AE B T Jieh e 4n ' B AR S8 5 1, EST MRS T 4 #ilIfiE EPO /K-F2
FrEf, A LE—E VIR AR f5, 3 EPO JtFtE, O/P < 0.8, AT Ml iR P ASBEM B 1) A EPO A= ik
k=, EVIBRARAT RS ARG, B CRA 1 EPO RiBtMEF &, HITMITCA IE. 18V 56 & EFF
AU PR AT LA I A BRI E S, P RE S 2 K

ACD X4 RIEMEFTIN, &MY Bk MR B & G i S N &R 51k, ST n] /8 2
ACD HJ—FERIER[17]. XA RADRG RN CRP THEr . RE B . KA & A MAEF EPO HKPitE#T
i, W RS EIRARE 2 B LRI [18]. RAEAR S W] THEFRA, Az, REgH
M PR 74 IL-1 A TNF-o 55, BERT DA 20 SRAHAHM )36 58, Ak 1 i EPO XJ Hb R R IE S R VL,
Z 53 M KA [19]. TNF-a 5 ERRE 2 UIAH G, £ 2 M B HOA S IA KI5, FF RSN R R
HBEFI[20] AHF 5T K I CRA 1 TNF-0 5 Hb P& A7, BB TNF-a #0081 1 £040 M0 19 28 % A, TNF-o
A BB EPO M4 K [21]. (E A BT 2B EPO Tl il it B W4 s 5 —EA B & 4] TNF-a.
IL-6 %5 5 YLK F I [22]. {5 Tsopra %5 [2317E A% P4 bk EX 40 M 1 105 o AR S, #TILI0 & 2E kST F EPO
AR R, AT RE S TNF-o 02040 2R i R AL R OR B B HIE R S8, AR50 CRA # EPO J¢
O/P 5 TNF-o #EAT 73 #r, SARKIARRCNE, 5L ERFFias R—3
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g BTk, fE)LE Mg LE)LF, EPO F1 TNF-a 312 53 MAKE . AIETE EPO X 24 ML ) S 15t

PRI A R Z8 0, TNF-o /BN TR R 2 53U 5306 EPO P24 5%, 5T 45 Al
[24]. A LEHATEZHR T iR)LE CRA 1 EPO M1 TNF-o Z 8 114> TR HLEI, 4 7 ## CRA 1K
AL 8 S I AR T o

SE K

[1]

[2]
(3]
(4]
(5]

(6]
[7]
(8]
(9]
[10]
[11]
[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Ludwig, H., Van Belle, S., Barrett-Lee, P., et al. (2004) The European Cancer Anaemia Survey (ECAS): A Large,
Multinational, Prospective Survey Defining the Prevalence, Incidence, and Treatment of Anaemia in Cancer Patients.
European Journal of Cancer, 40, 2293-2306. https://doi.org/10.1016/j.ejca.2004.06.019

Rodgers, G.M., Becker, P.S., Blinder, M., et al. (2012) Cancer and Chemotherapy-Induced Anemia. Journal of the Na-
tional Comprehensive Cancer Network, 10, 628-653. https://doi.org/10.6004/jnccn.2012.0064

Cullis, J. (2013) Anaemia of Chronic Disease. Clinical Medicine, 13, 193-196.
https://doi.org/10.7861/clinmedicine.13-2-193

Maccio, A. and Madeddu, C. (2012) Inflammation and Ovarian Cancer. Cytokine, 58, 133-147.
https://doi.org/10.1016/j.cyt0.2012.01.015

Bode, J.G., Albrecht, U., Hussinger, D., et al. (2012) Hepatic Acute Phase Proteins—Regulation by IL-6- and IL-1-Type
Cytokines Involving STAT3 and Its Crosstalk with NF-xB-Dependent Signaling. European Journal of Cell Biology, 91,
496-505. https://doi.org/10.1016/j.ejcb.2011.09.008

Kundu, J.K. and Surh, Y.J. (2012) Emerging Avenues Linking Inflammation and Cancer. Free Radical Biology &
Medicine, 52, 2013-2037. https://doi.org/10.1016/j.freeradbiomed.2012.02.035

ETHE, #MV#, & JURFEML 5 9 m. dbat: AR R AL, 2018: 331-332.
Cazzola, M. (2003) Erythropoietin Therapy: Need for Rationality and Active Surveillance. Haematologica, 88, 601-605.

Manfred, N., et al. (2016) Iron Deficiency or Anemia of Inflammation: Differential Diagnosis and Mechanisms of Anemia
of Inflammation. Wiener Medizinische Wochenschrift, 166, 411-423.
https://doi.org/10.1007/s10354-016-0505-7

Victor, P., Paitan, A, Cindy, L., et al. (2018) Anemia as a Prognostic Factor in Cancer Patients. La Revista Peruana de
Medicina Experimental y Salud Puablica, 35, 250-258. https://doi.org/10.17843/rpmesp.2018.352.3171

Grotto, H.Z.W. (2008) Anaemia of Cancer: An Overview of Mechanisms Involved in Its Pathogenesis. Medical On-
cology, 25, 12-21. https://doi.org/10.1007/s12032-007-9000-8

Nayak-Rao, S. and Mccormick, B. (2013) Erythropoietin Use in CKD Patients with Cancer: To Tread with Caution?
Journal of Nephrology, 26, 829-835. https://doi.org/10.5301/jn.5000316

Blindar, V., Zubrikhina, G., Davydova, T., et al. (2019) Development of Strategic Approaches to Modern Diagnosis of
Anemic Syndrome in Patients with Breast Cancer. Kliniceskaja Laboratornaja Diagnostika, 64, 210-215.
https://doi.org/10.18821/0869-2084-2019-64-4-210-215

Corazza, F., Beguin, Y., Bergmann, P., et al. (1998) Anemia in Children with Cancer Is Associated with Decreased
Erythropoietic Activity and Not with Inadequate Erythropoietin Production. Blood, 92, 1793-1798.
https://doi.org/10.1182/blood.VV92.5.1793

Steele, M.G. and Narendran, A. (2012) Mechanisms of Defective Erythropoiesis and Anemia in Pediatric Acute Lym-
phoblastic Leukemia (ALL). Annals of Hematology, 91, 1513-1518. https://doi.org/10.1007/s00277-012-1475-5

Tisi, M.C., Bozzoli, V., Giachelia, M., et al. (2014) Anemia in Diffuse Large B-Cell Non-Hodgkin Lymphoma: The Role
of Interleukin-6, Hepcidin and Erythropoietin. Leukemia & Lymphoma, 55, 270-275.
https://doi.org/10.3109/10428194.2013.802314

Demarmels Biasiutti, F. (2010) Anemia of Chronic Disorder: Pathogenesis, Clinical Presentation and Treatment.
Therapeutische Umschau Revue Thérapeutique, 67, 225-228. https://doi.org/10.1024/0040-5930/a000041

Maccio, A., Madeddu, C., Gramignano, G., et al. (2015) The Role of Inflammation, Iron, and Nutritional Status in
Cancer-Related Anemia: Results of a Large, Prospective, Observational Study. Haematologica, 100, 124-132.
https://doi.org/10.3324/haematol.2014.112813

Buck, 1., Morceau, F., Grigorakaki, C., et al. (2009) Linking Anemia to Inflammation and Cancer: The Crucial Role of
TNFa. Biochemical Pharmacology, 77, 1572-1579. https://doi.org/10.1016/j.bcp.2008.12.018

Atretkhany, K.N., Gogoleva, V.S. and Drutskaya, M.S. (2020) Distinct Modes of TNF Signaling through Its Two Re-
ceptors in Health and Disease. Journal of Leukocyte Biology, 1-13. https://doi.org/10.1002/JLB.2MR0120-510R

DOI: 10.12677/acm.2020.104087 560 I P I 25338 2


https://doi.org/10.12677/acm.2020.104087
https://doi.org/10.1016/j.ejca.2004.06.019
https://doi.org/10.6004/jnccn.2012.0064
https://doi.org/10.7861/clinmedicine.13-2-193
https://doi.org/10.1016/j.cyto.2012.01.015
https://doi.org/10.1016/j.ejcb.2011.09.008
https://doi.org/10.1016/j.freeradbiomed.2012.02.035
https://doi.org/10.1007/s10354-016-0505-7
https://doi.org/10.17843/rpmesp.2018.352.3171
https://doi.org/10.1007/s12032-007-9000-8
https://doi.org/10.5301/jn.5000316
https://doi.org/10.18821/0869-2084-2019-64-4-210-215
https://doi.org/10.1182/blood.V92.5.1793
https://doi.org/10.1007/s00277-012-1475-5
https://doi.org/10.3109/10428194.2013.802314
https://doi.org/10.1024/0040-5930/a000041
https://doi.org/10.3324/haematol.2014.112813
https://doi.org/10.1016/j.bcp.2008.12.018
https://doi.org/10.1002/JLB.2MR0120-510R

A 5%

[21] EK, T., Mellander, L. and Abrahamsson, J. (2005) Interferon y and Tumour Necrosis Factor « in Relation to Anaemia
and Prognosis in Childhood Cancer. Acta Paediatrica, 94, 435-437.
https://doi.org/10.1111/j.1651-2227.2005.tb01914.x

[22] Nairz, M., Sonnweber, T., Schroll, A., et al. (2012) The Pleiotropic Effects of Erythropoietin in Infection and Inflamma-
tion. Microbes & Infection, 14, 238-246. https://doi.org/10.1016/j.micinf.2011.10.005

[23] Tsopra, O.A., Ziros, P.G., Lagadinou, E.D., et al. (2009) Disease-Related Anemia in Chronic Lymphocytic Leukemia Is
Not Due to Intrinsic Defects of Erythroid Precursors: A Possible Pathogenetic Role for Tumor Necrosis Factor-Alpha.
Acta Haematologica, 121, 187-195. https://doi.org/10.1159/000220331

[24] XUZR75, skl HERI, 2 BRRZ . IFN-p. TNF-o & 50 7% g 1t 32 M 28 38 4 R I AR s [0]. B2
Il PRAFF 73, 2015(10): 1940-1942.

DOI: 10.12677/acm.2020.104087 561 I IR 2= =23t e


https://doi.org/10.12677/acm.2020.104087
https://doi.org/10.1111/j.1651-2227.2005.tb01914.x
https://doi.org/10.1016/j.micinf.2011.10.005
https://doi.org/10.1159/000220331

	Correlation between Erythropoietin and Tumor Necrosis Factor Alpha in Children with Malignant Tumor Anemia
	Abstract
	Keywords
	肿瘤相关性贫血儿童促红细胞生成素和肿瘤坏死因子α相关性研究
	摘  要
	关键词
	1. 引言
	2. 对象与方法
	2.1. 对象
	2.2. 方法
	2.2.1. 标本采集与处理
	2.2.2. 血清EPO、TNF-α检测
	2.2.3. 血清EPO分析
	2.2.4. 统计学分析


	3. 结果
	3.1. 不同组别血清EPO水平变化
	3.2. 不同组别血清EPO水平与Hb的相关性分析
	3.3. 不同组别血清TNF-α水平变化
	3.4. 不同组别血清TNF-α水平与Hb的相关性分析
	3.5. 不同组别血清TNF-α水平与EPO的相关性分析

	4. 讨论 
	参考文献

