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ABSTRACT

Background: The role of macrophages in tumor angiogenesis is known to be the
production of angiogenic cytokines and growth factors including TNF-a. Recently,
macrophage also can produce the INF-v that is being studied to be involved in
angiogenic inhibition. Thus, the importance of macrophages in tumor angiogenesis is
might being an angiogenic switch. Thus, the hypothesis tested here is that TNF-a can
modulate the INF-V production in the macrophages from tumor environment as a part
of tumor angiogenic switch. Methods: Macrophages in tumor environment were
obtained from the peritoneal cavity of C57BL/6 mice injected with B16F10 melanoma
cell hne for 6 or 11 days. Macl -macrophages were purlﬁed using magnetic bead
(MACS Mllteny Biotech, Germany) and cultuted with various concentrations of TNF-
a for vatious time points at 37°C. The supernatants were analyzed for IFN-V or VEGF
by ELISA kit (Endogen, Woburn, MA). Results: Residential macrophages from the
peritoneal cavity did not respond to LPS or TNF-a to produce INF-v. However, the
cells from tumor environment produced IFN-V as well as VEGF and upregulated by
the addition of LPS or TNF-a. RT-PCR analysis revealed the external TNF-a-induced
IFN-Y gene expression in the macrophages from tumor environment. Conclusion: The
overall data suggest that the macrophages in tumor environment might have an
important role not only in angiogenic signal but also in anti-angiogenic signal by
producing related cytokines. And TNF-a might be a key cytokine in tumor angiogenic
switch. (Immune Network 2002;3(1):53-60)
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A1k, RPMI-1640 medium, fetal bovine serum 2
penicillin-streptomycin-2 ¥]= GIBCO laboratories (Grand
Island, NY), lipopolysaccharide (LPS, from E.Coli 055 :
B5)= "= SIGMA Chemical Co. (St.Louis, MO)Z Y-E]

A3tA}h Recombinant murine TNF-alpha % mouse
VEGF Immunoassay kit (Quantikine(@M)‘{‘ R&D systems,
Inc. (Minneapolis, MN, USA)9] #| &2 Al-8-8}9 11, IFN-
v9] ELISA kit= BD Biosciences (Sandiego, CA, USA)9]
OPTEIA™ Mouse IFN-v SetZ AH&-3t3ith.
AEF. C57BL/6 1o §F T4 ST AxF
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Table I. PCR primer Sequence and the product

Primer Sequence Product (bp)
IFN-tF 5'-gCggCCTAgCTCTgAATTCATg
(Foward)  AACgCTACAC (32 mer)
IFN-rR 5"-CCACCTCgAgTCAgCAgCgAC 497 bp
(Reverse) TCCTTTTC (29 mer)
GAPDH-F 5-CCATggAgAAggCTggeo
(forward) (18 mer)
GAPDH-R 5-CAAAQTT¢TCATggATgACC 196 bp
(reverse) (20 mer)
A s
O naive
WITNF-a
W wirs
g 104 TNF+LPS
1
E
E
%
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L
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3hr [FN-r 6hr IFN-r

Incubation Time
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1" microbead £ label ¥l cell- magnetic separation (MACS™
Milteney Biotech,, Germany) '] &2 Macl™ th2] AE
ok =4 B2]8t ) Cytokine - HI S 98] 289 1x10°
cells/mlS 24well plateo] 1 ml EF3F & vjtsH ot
Cytokine #H] 3. £8]d A EE TNF-a (0~50
ng/ml) 2} A 37°CAAlA] o g A= HH &3t FEsdS
#3 & ELISA kitE AF&3ld TNF-a (Recombinant
murine TNF-q, Quantikine‘@M, R&D systems, Inc.,
Minneapolis, MN, USA), IFN-y (OPTEIA Mouse IFN-v
Set, BD Bioscience, Sandiego, CA, USA) % VEGF (mouse
VEGF Immunoassay kit, Quantikine®M, R&D systems,
Inc., Minneapolis, MN, USA)2] %5 435t
NAAEANA HHEHE IFN-y mRNA FF (RT-PCR).
ZF A4 B ﬂw A Z(3x10° cells)E TNF-a
9} 3A 48A17F HwjFSt ¥ Trizol reagent (GIBCOBRL,
USA)S ©]-&3tH klt"ﬂ"i Agste Wl wel total
RNAE FZ3}9th 549 total RNA= UV spectropho-
tometerE  ©]-83te] 1pgie] F=2 A3, SU-
PERSCRIPTTM One-Step RT-PCR with PLATINUM Taq
kit (GIBCOBRL, USA)< ©]£-3}o] IFN-y mRNA %8 2
S A3k ol o]-8-% Primere= 7] vl €2 Table 13}
#2921, 1x Reaction buffer (kito| 4] #]3"), 2 mM MgSO4,
0.04ug/ul  template RNA, 0.2 uM primer, 0.5p/25u
RT/Platinum Taq mix® ZAASZ 2519 volumel Z

Fig. 13 & cycle® WH&3F{Th PCR ¥hg-o] 2%
B
80+ O naive
WITNF-a
60 B wirs
TNF+LPS

TNF-alpha (pg/ml)
&

20+
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Incubation Time

Figure 1. A. Production of TFN-Y from the residential macrophages. Residential peritoneal exudated cells were harvested (1.5x10'/ml)
and purified for macrophages by plastic adherent step for 2hrs at 37°C. Each well with macrophages were treated with TNF-a (50
ng/ml) or LPS (100 ng/ml) alone or both for 3 to 6 hrs before the ELISA detection of IFN-Y from the supernatant. B. Production
of TNF-a from the residential macrophages. Residential peritoneal exudated cells were harvested (1.5X10° ’/ml) and purified for
macrophages by plastic adherent step for 2 hrs at 37°C. Each well with macrophages were treated with TNF-a (50 ng/ml) or LPS
(100 ng/ml) alone ot both for 3 to 6 hrs before the ELISA detection of TNF-a from the supernatant. Asterisks indicate the significance

(P<0.05) comparing naive control.
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stttk A3 group e FAIAH F9 42 Fisher pro-
tected least significant difference testZ ©] &3 analyses
of variance (ANOVA) ¥ 0.2 P<0.05 5FollA 2A3}
At

4 nl

A% A B2 WY 45 ugA B2 A E9 TNF-
a 2 IFN-v9] £1). A3 F ] M EI} in vitro A=
o ©]3} angiogenesis®t #HE cytokinesE = & Hl =4
gRlat7] ffated, vkl 2] Az &4=4=Z TNF-
a RS st LPS9F = TNF-a AHAE AHE-3)
Rk AR Fo B ol A ete &4 HA g
o 2] A 3 (residential macrophages)= IFN-vE H]3}%]
$9kal, TNF-a ¥ LPSo] 9JdiM % FHl= AR &
Th (Fig. 1A). TNF-a8] ZHI= v 3| 30ike]] 415
Ro.m, TNF-a = LPS H7tell 93] Fo44 UA st
319 th(Fig. 1B).

A4 843 B7 dAAEZY TNF-a A= 93
IFN-y 2 VEGF #H]. 284} thioglycollateS 57 WY
Z FYsty e AEE 2839 80% olo] A
ME} AFE Macl'(80%) 2 Mac3'(89%)%1 &/d3sh#
HSA dAMED] I AT (Fig. 2). °]& EAsHd
WAAEZE IFNvE 08O, in vitrool A Fo 3
TNF-a £ LPSY 23 AFole A9 whg-atA o+
AL BH3F THFig. 3). TNF-a2] 5% 50 ng/ml¥} 724]
b w gl A IFN-ve] ZHI7F F7bste AES BAth
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Figure 2. Characterization of inflaimmatory peritoneal exudated
cells. Inflammatory petitoneal exudated cells from the thigly-
collate injected mice were harvested and characterized by flow
cytometric sutface marker analysis.
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Figure 3. Production of IFN-Yv from the inflammatory
macrophages. Purified macrophages from the inflammatory
peritoneal exudated cells were treated with various concentrations
of TNF-a or LPS (100 ng/ml) for 24 to 72 hrs. The presence
of IFN-Y in the supernatatnt was detected by ELISA. Legends
are expressed the concentration of in vitro added TNF-a
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Figure 4. Production of VEGF from the inflammatory macro-
phages. Purified macrophages from the inflammatory peritoneal
exudated cells were treated with various concentrations of TNF-
a or LPS (100 ng/ml) for 24 to 72 hrs. The presence of VEGF
was detected by ELISA from the culture supernatants. Legends
are expressed the concentration of in vitro added TNF-a
Asterisks indicate the significance (P<0.05) compared to the
control without TNF-a addition.



H= vl 72417k A #A3] Ao, T3
TNF-a9] Fxo] 9J3S @x Ut} TNF-a 50 ng/ml
o A IEN-y#H] Z7}9} VEGF £8] 7HA7} RS o] F
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Figure 5. Activated macrophages from the late stage tumor
environment. Peritoneal macrophages purified from the late stage
tumor environment (11 days after intra-peritoneal melanoma cell
line inoculation) were activated by the in vitro treatment of TNF-
a for 48hrs.
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microbead (MACS)E ©| &3t A XY & &3t
gtk 28" Macl® 4 AEE in vitroo) A FolZ
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Figure 6. A. Production of IFN-Y¥ from the macrophages in
early stage tumor environment. Macl+ macrophages were
purified by the magnetic beads from the peritoneal exudated cells
in early stage tumor environment (6 days after intra-peritoneal
inoculation of melanoma cell lines). Cells were incubated with
various concentrations of TNF-a for 24 to 72 hrs before the
detection of IFN-V in the supernatants by ELISA. Legends are
expressed the concentration of in vitro added TNF-a. Asterisks
indicate the significance (P<0.05) compared to the control
without TNF-a addition. B. Expression of IFN-¥ mRNA in
the peritoneal macrophages. Peritoneal macrophages from eatly
stage tumor environment (6days after intra-peritoneal melanoma
cell line inoculation) wete treated with TNF-a for 48 hrs to
detect the IFN-Y gene expression by RT-PCR.
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Figure 7. A. Production of IFN-Y from the macrophages in late
stage tumor environment. Macl+ macrophages were purified by
the magnetic beads from the peritoneal exudated cells in eatly
stage tumor environment (11 days after intra-peritoneal inocu-
lation of melanoma cell lines). Cells were incubated with various
concentrations of TNF-a for 24 to 72 hrs before the detection
of IFN-V in the supernatants by ELISA. Legends are expressed
the concentration of in vitro added TNF-a. Asterisks indicate
the significance (P<0.05) compared to the control without TNF-
a addition. B. Expression of IFN-¥ mRNA in the peritoneal
macrophages. Peritoneal macrophages from late stage tumor
environment (11 days after intra-peritoneal melanoma cell line
inoculation) were treated with TNF-a for 48 hrs to detect the
IFN-Y gene expression by RT-PCR.

E7h Erlehe g8 414 B cytokine® Ml ol ol
&S A AL AAEY GAEE B W FAS
6d ¥ =5 ¥ 5 HAMEES TNF-aol 93)
IFN-ve] EH7} JA == 43S YER ATHFig. 6A).
o]+ RT-PCRo] ¢]3} IFN-y mRNAS] ¥W3} 44 Az=
T Elst A th(Fig. 6B). ¥HH] F4o] FAH F7] &
AozRH EdE gAMAEZE W A1 7227 A] in

250+
O o
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Figure 8. Production of VEGF from the macrophages in late
stage tumor environment. Macl® macrophages were purified by
the magnetic beads from the peritoneal exudated cells in early
stage tumor environment (11 days after intra-peritoneal ino-
culation of melanoma cell lines). Cells were incubated with
various concentrations of TNF-a for 24 to 72 hrs before the
detection of VEGF in the supernatants by ELISA. Legends are
expressed the concentration of in vitro added TNF-a. Asterisks
indicate the significance (P<0.05) compated to the control
without TNF-a addition.
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7}l TNF-ax%o| #®ldste] IENvE Ewv)sgch
(Fig. 8). °] & 7&4% Z7] A dANME T &
# A s ;ZJ%} 7] 9%k Mol EFIQI o] 2H-o] ¢
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