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Interleukin-6 directly impairs the erythroid
development of human TF-1 erythroleukemic
cells
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Abstract

Anemia of inflammation or chronic disease is a highly prevalent form of
anemia. The inflammatory cytokine interleukin-6 (IL-6) negatively correlates
with hemoglobin concentration in many disease states. The IL-6-hepcidin
antimicrobial peptide axis promotes iron-restricted anemia; however the full
role of IL-6 in anemia of inflammation is not well-defined. We previously
reported that chronic inflammation had a negative impact on maturation of
erythroid progenitors in a mouse model. We hypothesized that IL-6 may be
responsible for impaired erythropoiesis, independent of iron restriction. To
test the hypothesis we utilized the human erythroleukemia TF-1 cell line to
model erythroid maturation and exposed them to varying doses of IL-6 over
six days. At 10 ng/ml, IL-6 significantly repressed erythropoietin-dependent
TF-1 erythroid maturation. While IL-6 did not decrease the expression of
genes associated with hemoglobin synthesis, we observed impaired
hemoglobin synthesis as demonstrated by decreased benzidine staining. We
also observed that IL-6 down regulated expression of the gene SLC4al which
1s expressed late in erythropoiesis. Those findings suggested that IL-6-
dependent inhibition of hemoglobin synthesis might occur. We investigated
the impact of IL-6 on mitochondria. IL-6 decreased the mitochondrial
membrane potential at all treatment doses, and significantly decreased
mitochondrial mass at the highest dose. Our studies indicate that IL-6 may
impair mitochondrial function in maturing erythroid cells resulting in
impaired hemoglobin production and erythroid maturation. Our findings
may indicate a novel pathway of action for IL-6 in the anemia of’
inflammation, and draw attention to the potential for new therapeutic targets

that affect late erythroid development.
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Hypercellular core bone marrow biopsy from a dog with iron-deficiency Hypocellular bone marrow aspirate smears and core biopsy sections from dogs.
anemia. Megakaryocytic hyperplasia resulted in a peripheral thrombocytosis. Generalized hypocellularity in a section from a bone marrow core biopsy collected from a
H&E stain. dog with an idiopathic aplastic anemia. H&E stain.

35 © 2017 IDEXX Laboratories, Inc. All rights reserved.



Case

== A Q- -
XE;'E_'-

i)

ARHE



37

o J\B. BT CRER)

.« IBHRRE -

R—EZM - BxEEEE0

© 2017 IDEXX Laboratories, Inc. All rights reserved.

! /\\K

T5%F -



Case. &

N

I\ ZE

ProCyte Dx (201655H9H L4 11:34)

21IS

AL MMk %

ﬂaec 6.01 M/pL 5.5 - 8.87 \

HCT 36.8 % 37.3-61.7 &
HGB 13.7 gfdL 13.1-20.5
MCV 61.21L 61.6-735 &
MCH 22.8 pg 21.2-25.9
MCHC 37.2 g/dL 32.0-37.9

RDW 19.0 % 13.6-21.7
%RETIC 0.1%

QETic 7.8 KiuL 10.0-110.0 & [ | B
0.75 KL 505-16.76 & R | |

%NEU *37.3%
%LYM *56.0 %
%MONO “6.7%
%EOS 0.0 % = e
%BASO 0.0 %
NEU * 0.28 K/l 295-1164 1§ [ | ]

BAND * KBl
LYM * 0.42 KiuL 1.05-5.10 {&
MONO * 0.05 K/pL 016-112 1§
EOS 0.00 K/l 0.06-123 f{&
BASO 0.00 K/uL 0.00-0.10 i
PLT 0 KipL 148-484 & = | -
MPV it 8.7-13.2
PDW o 9.1-19.4 Al
PCT oz 6 0.14 - 0.46

SE{EL78 %R 18 R 2R (BAND)

¥

St

-
/5 ~



39

N

L\ ik o
Case. & KX /N2

« SNAP 4Dx Plus: EC (-) , AP(-)
- TP=6.8 g/dL

- ALB=2.8g/dL
.« GLO=4.0g/dL

AL BRI 3

Flucrescence

@rMe

® ST MER (RBC) ® M@ts Mk = m/ME (PLT)
o "ALOHEK ® @M (WBC)

A IS
T
|
l " .. Normal Canine
; 2 WBC Run
| : §
x| 3 ;
iy £ ‘
W | 5 ¥
| ety
|

o IE RS mEE (NEL) B (LYM)
= B IE (VONOD) = MERMTK (E0S) » URBC




A Be) B9 2 A 48 B Sz BR L B BE RV AA RE

Bone Marrow Circulation
=g/ EpES
MNP
T%I;I@—h*@ NK cell
\5_;.©Pro'l'lymphﬂcy’[e

PLT: life span
—:-©B yrmphogyte 10 days

Il:;LF‘
/ Mk P )
HSC MKE P —» B2 Platelsts
”J© RBC: life span
\@—}- @ Erythrocytes 90 days
CMF‘
MaP
BM3V© ’ o
@_,__ Basophil [ g P4 Bk
/ NEU: life span
G F @—}-@ Eosinophil & /S M Bk ~ 2 days
l i h\\k© _;.F@ MNeutrcpiii ] & b4 Tk

L | =

\©—1-© Monooyte %*Zﬂz

4(

JW Harvey. Veterinary Hematology: A Diagnostic Guide and Color Atlas



=231

*
og
AA

Y&
BB

/=i

LA

VRN

A /N

=%
Oin

\

AN
7/

Case.




AN :. S N Si= LA
Case. 88X /\E SiElnEREIR
M' § e 7
BtbA e 2
PT - APTT: Normal | - :
PCR: EC (-)
ANA: (-)

Estrogen: >1000



INEBRYBERTR

Rsmﬁﬂ
RBCiitsk (5<1m) ( )

43  © 2020 IDEXX Laboratories, Inc. All rights reserved.

RBCAEmniEEAEFE (A M)

BER
B

tEME

EPO/DPO
2272

L an 1AV oV 4
B e SN



A4 BE/NEIEF)ETK...
T M FEYN{o) B RV TR 18 22 2 (2 4E)

AGEHE I/ NMR(PLT)E(=

B.2Efit PCV 2 HCT

C.7.Eft BHM4EIK(NEV) BX & =

D.:EHt Ad#IK(Ret) #BHEI=

|=|=M



EBan/NEINEFE T K... ABHE [1/VR(PLT) B
¥ (P9 FE U0 {o] 3B Bt AV T E{é’)’)’)(&ﬁ) B.i&Ht PCV B HCT

Bone Marrow Circulation C.IBH IEPMIK(NEV) B B2
=hE e |
K DEH: BRIk (Ret) BLHE
T%il%—r@ MK cell
\©_}.© Fro-T lymphocyt e
CLF‘ PLT: life span
—II-@B lyrmphooyte 10 days
/ E"ép :
HSC MKEP_ —» B Platelsts
o \\ RBC: life span
\@—}- @ Erythrocy Re“cu 90 days
IE?I‘-.-'IF‘

i 7O b 14 3%
Basophil SHRTE
/(©_" " NEU: life span
M3 @) —> @) Eosrosnl IR - 2 days
l Eh\\x©_}..© Meutrapiii ] & b4 Tk

L | =

\©—1-© Monooyte %TZEK

4¢
JW Harvey. Veterinary Hematology: A Diagnostic Guide and Color Atlas

1l —Yavd
B b SN



) = FUrRAERE sk BRERE

7 R 5k S 1% [ FE

35 BX

—{& skZEMARER ERAR

46

© 2020 IDEXX Laboratories, Inc. All rigt .
JW Harvey. Vetennary Hematology: A Diagnostic Guide and Color Atlas

d&

Bone Marrow Circulation
=) o fBiR
mep/,.@ ——->-© NK cell

/ \é»@m‘r ymphocyte

—>©—> @8 ymphocyle

/ MkP -
HSC Mk P/r —>°3 Platelets
\ —> P Erythrocytes

CMP
/@M‘P
BMaP
I

\G"‘/é——»® Eosnophil I
Se—o—7:

6—»@ Monocyle
@

L an 1AV oV 4
B e SN



Case
== | - =

>Z /l\

ARIE

dUn

i)




COEEERE . ME . 25T

IREGE:
« $2%:39.3C
o 0K Im

48  © 2017 IDEXX Laboratories, Inc. All rights reserved. :m



49

Case. I 5K

LI R B B

A MR E

1 s
4 y
e oo Ff
Rxnn « B R E R (NEU) O EIR (LYM)
e\

© 2017 IDEXX Laboratories, Inc. All rights reserved.

Bl B VN



Case.

S 5

RA

ProCyte Dx (20163 H22H 4 9:06)

K697 R ¥ < H£3R(BAND)

\
/" RBC B84MUL  565-8.87 |
HCT 38.6 % 37.3-61.7
HGB 13.8 g/dL 13.1-205
MCV 56.4 fl 616-735 & |
MCH 20.2 pg 212-259 g | | ST MERZ
MCHC 35.8 g/dL 32.0-37.9
RDW 176 % 13.6-21.7
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ETIC 18.5 KiuL 10.0 - 110.0 | | 4/
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\@—}- @ Erythrocytes 90 days
CMF‘

@) v=r
Biap—7 ’

©—l-. Basophil I fga M4 K
; NEU: life span
[EBE 43K ~ 2 days
&Pt Bk
EZIK
5 Hm-1-) 244
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Case. I} 52 R B iEmE IR

~ | SNAP 4Dx: EC (+)
PCR: EC (+)
ANA : (+), titer 80




KA HaEE Bk

KL BR B 3 B BRI A
'ﬁ;
: x
3 Day 3 e
‘ 0 Foooe Ret: 45.6 KuL | st =~
LEEE SALE P (NEU) ®HERR (LYMD) Skl * B RAEE mER (MEU) W B (LYM)

" -, 'Normal Canine
WBC Run

Day 1
Hct: 38.6%

g ' |
g ﬂiJ
Ret: 18.5 K/uL § E'
PLT: 0 K/uL : Day 21
e [t ™ Ret: 109.2 KiuL—
- gk”ﬁ - O e T T N Tt
Doxycyclin: 5 mg/kg (3/22-5/16) 3
Donison: 0.7 mg/kg bid (3/24 ~) o
4/11 Start Tapering A o h:
5/5 Taper for 2 more wk Day 36 -
5/16 confirmed PCR (-) ,_ Hct: 41.9% s
£ et Ret: 79.9 K/ulL e,
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. - Date 22-Mar 24-Mar  11-Apr 16-May
40 — DEY, 1 3 21 36
. Het 38.6 20.6 41.6 41.9
% Ret 185 456  109.2  79.9
s WBC 0.57 1.46  10.86 4.39
E Neu 10.5 3.35
0 PLT 0 0 94 91
1 8 15 22 29 36
Day

Bone Marrow Response to Treatment

120 109.2

=== Reticulocytes
=== Platelet

=== \WBC

0.371.46 8 15 22 29 455 [ ] YV g
B B /AN



Bt K ABE R = vs HEEKY

Hct
. Date 22-Mar 24-Mar  11-Apr 16-May
40 — DEY, 1 3 21 36
35
30 Hct 38.6 20.6 41.6 41.9
b iz Ret 18.5 45.6 109.2 79.9
- - RET % 0.3% 1.2% 1.7% 1.1% ‘
12 Neu 10.5 3.35
0 PLT 0 0 94 91
1 g 15 22 29 36
Day
Degree of Stimulation Dogs Cats
Normal 1% 0-0.4%
Slight 1-4% 0.5-2.0%
Bone Marrow Response to Treatment Modbarate 5-20% o
120 10921 704 Marked 21-50% >5%
100 91

9
1.1%

=== Reticulocytes

=== Platelet
18
20
s ——
0 10.86 ¢
0.571.46 8 15 2 29 450 e
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Bie: ATk B E= vs AABk%

45% PCV
30% PCV
Number of
RBCs 6x10%uL
4x10%uL
Numbef Of -_II ;f IIIIJ x;‘ T " :
retiCUlOCYteS I EARE RS I

Percentage of

reticulocytes 1.0% 1.5%

15% PCV
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Axis Title
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WBC counts

Cell count (K/uL)
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Bone Marrow Circulation
= BB Ep
P
TMKE/,@—P— NK cell
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\©_},© Fro-T lymphocyt e
ELF1
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MaP
Biiap—7 © o
@ —> (&) Basophi I B3R P BK

M/@—F@ Eosinophil &R M Bk

\ I —)—© Meutrophil [ ch Tk
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—]I-* @ E lymphooyte

m@' Platelets

throcytes

—» @ Monooyte
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Pure Red Cell Aplasia AL [MEkA-
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FeLV -~ FIV BRp0%E  KEEELEHRE - SNMEER -

FelV B i&RYRBC
=4

EXRALMEK

5 HE 4 B %N
(RBCHY Bl 4H A1)

(myelodysplasia)
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Test

Results

Reference Interval

LOW

NORMAL

ProCyte Dx (20145316 H F45:30)

RBC
HCT
HGB
MCV
MCH
MCHC
RDW
%RETIC
RETIC
WBC
%NEU
%LYM
%MONO
%EOS
%BASO
NEU
LYM
MONO
EOS
BASO
PLT

*2.03 M/uL
*182%
4.9 g/dL
*89.7fL
*24.1pg
*26.9 g/dL
*276%
1.8 %
*37.1 K/uL
16.93 K/pL
12/5:%
29.5 %
571 %
0.6 %
0.3%
2.11 K/uL
4.99 K/uL
9.67 K/uL
0.11 K/uL
0.05 K/uL
372 K/pL

LT i 38 R W4 15

KL BR8N EL

ki

® RBC ® @kl mek ™ PLT » 3L mik& A

= WBC

6.54 - 12.20
30.3-52.3
9.8-16.2
35.9 - 563.1
11.8-173
28.1-35.8
15.0-27.0

BENMNBRER

3.0-50.0
2.87-17.02

1.48 - 10.29
0.92 - 6.88
0.05-067 &
017-157 &
0.01-0.26

151 - 600

kM

—

— 21

I K

li

B &8I EL

" NEU = LYM ®=MONO = EQS ® BASO

= URBC

> JEREM

ZiB Mk
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Happy: may 19 2014  WBCT

« PLT|
HEFEEMEN  AMEKEIEA104 & - [M/MRFEBIET - * RET|
Test Results Reference Interval LOW NORMAL HIGH
ProCyte Dx (2014558278 £411:22) 14-5-16
T 45:30

RBC 2.27 M/uL 6.54-1220 (& *2.03 M/uL
HCT 13.7 % 30.3-523 € *18.2 %
HGB 4.0 g/dL 9.8-16.2 " 4.9 g/dL
MCV 60.4 fL 35.9 - 53.1 ] I *89.7fL
MCH 17.6 pg 118-173 & i *24.1 pg
MCHC 29.2 g/dL 28.1-235.8 l * 26.9 g/dL
RDW 38.4 % 15.0-27.0 % .* 27.6 %
%RETIC 1.7 % 1.8 %
RETIC 39.0 K/pL 3.0-50.0 l i 37.1 K/pL
WBC 104.62 K/uL 287-17.02 & 16.93 K/pL
%NEU *14.3 % 12.5 %
%LYM *36.9 % 29.5 %
%MONO *48.6 % 57.1 %
BEOS 0.1 % 0.6 %
%BASO 0.1 % 0.3 %
NEU * 14,95 K/pL 148-1029 & [ | N | | 2.11 kipL

Uil S - 1]

(BAND)
LYM * 38.62 KJpL 0.92 - 6.88 = 4.99 KipL
MONO * 50.86 K/uL 0.05 - 0.67 = 9.67 K/uL
EOS 0.07 K/pL 0.17 - 1.57 " I 0.11 K/puL
BASO 0.12 K/pL 0.01-0.26 I 0.05 K/uL
PLT 23 K/pL 151 - 600 " l 372 K/pL

AOFRESH T
57 (Ll E AR 1E R £ 3K (BAND)

MmEBREDH
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May 27
| : - WBC: 104,620
3 /. ‘ /* 25 MK
3 4 RIS
May 16 . WBC: 16,930
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ProCyte Dx (20205118268 T4 1:52)

#T M ER 2.94 M/pL
mRERLE (HCT) 191 %
m#I3% (HGB) 6.8 g/dL
SE 94T M Bk 8 R 65.0 fL
(MCV)

T mIkMmTFEE 23.1 pg
(MCH) ™

AT mIRMATIRE 35.6 g/dL
B (MCHC)

MR A RE 17.0 %
(RDW)

BREAMmXE 2L 01%
(%RETIC)

R AL M R 3.8 K/pL
(RETIC)

RETIC-HGB 20.9 pg

A MR 0.38 K/uL
MR mMERE 2L 26.3 %
(%NEU)

MEXBESE (% *658%
LYM)

BR¥ASL (% *53%
MONO)

HEBMMEIRE DL (% *26 %
EOS)

HEBERB I (% *0.0%
BASO)

I AR 4 B Bk *0.10 K/uL
(NEU)

HEZK (LYM) *0.25 K/pL
BRI (MONO)  *0.02 K/uL
IERMEER (EOS) *0.01 K/l
i PEER (BASO)  * 0.00 K/uL
m/p 4R (PLT) 0 K/uL

S i /) e 8 12.91L
(MPV)

m/pRDHEE 3.6fL
(PDW)

m/iRERL 0.00 %

(PCT)

5.65 - 8.87
37.3-61.7
13.1-20.5
61.6-73.5
21.2-259
32.0-37.9

13.6 -21.7

10.0 -110.0

22.3-29.6
5.05 - 16.76

2.95-11.64

1.05-5.10
0.16-1.12
0.06 - 1.23
0.00-0.10
148 - 484
8.7-132

9.1-194

0.14 -0.46

i€
i3

1€

&
i€

&
i3
&
i€

15

&
/i3

| |
| [ | |
[ | | I
[ | | |
I | | 1
LI ERBIEA
- P

_ In—

B TR ™ 4L mEk ™ m MR (PLT)
= I mERER = B mER

1. RMERE SN RM-TRRIFEBEER N, Z AR MM T 2k
2.RETIC-HGBET - AIF|AMNMIKD (EEB - 45, mRi#. PSS, RAMMA

PR/ IRAEAL i 3R

Sl E

FEt
= RS AR kR (NEU) ® O EBER (LYM)

m BiEIK (MONO) m IEES 143k (E0S) ® UL mEk
1. AR ARAR I - 18 TRIB B i BRAR (B0 3952 BT E B R A
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5.7 A Z 6280 Mg S
I—LE 52 IR R IRE IS nlER %E"%ﬁ:ﬁ%ﬂ)ﬁ?
(8 5)

1. BINZKAEEH(WBC)

2. B MIK(NEV)Ei =

3. /MR (PLT) &=

4. BBMIK(RET =2

5. ALE (HCT)

6. IEP MM EK(NEV) 2L
7. ARBE...

O O O O O O O
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Non-regenerative anemia

RIK
=<
Macrocytic
normochromic

v

Evidence of vitamin B12
or cobalt deficiency?
FelV positive (cats)?

/ o\

Evaluate history (drugs, toxins)
Additional diagnostic
tests as indicated, e.g. bone
marrow aspiration

Mild to moderate

E@FE—ETEEJE

Extramedullary
disease

JB.‘E
=

W/\

Y S =1
EX
e Jog B B
Anemia of Anemia of Anemia of
endocrine inflammatory chronic renal
disease disease failure

/N

|

Ind{es nI.I]]].;-.kTE gﬂ (RBC
INIK

FUKE)

== 0N

((BFEC
Normocytic Microcytic
normochromic hypochromic/
normochromic
A3
IEEK |
v

IEZ

Evidence of iron deficiency?
Evidence of portosystemic shunts?

[\

Evaluate history (drugs, toxins)
Additional diagnostic
tests as indicated, e.g. bone
marrow aspiration

Severe

BEEMN

Other cytopenias H 1& :%E H’@ /% 2

(neutropenia, o
thrombocytopenia)? N E U
Abnormal cells?
/ \P LT

YES NO

= AR D

Bone marrow aspiration Bone marrow aspiration

If persistent anemia

and no other cause

ik
N\
gﬁ
L}d—
Plj=
—
it

Efi
oI
—

B REER AR

https://eclinpath.com/hematology/anemia/causes-of-
anemia/diagnostic-algorithm-nonregenerative-anemia/
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