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ABSTRACT: Objective To assess the characteristics of enhanced magnetic resonance image with ul-
trasmall superparamagnetic iron oxide ( USPIO) in the inflammatory and tumor metastatic rabbit model, and ex-

plore its relevance with histologic ultrastructural findings. Methods Totally 36 New Zealand white rabbits
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were randomly divided into lymphadenitis group and metastatic group. Complete Freund’s adjuvant was injected
into the bilateral dorsal footpads of 18 rabbits to set up ipsilateral lymphadenitis model. The other 18 rabbits re-
ceived a subcutaneous implantation of VX2 tumor cell suspension (1.5 x 107 cells/ml) in both thighs to set up
metastatic lymph node model. Magnetic resonance scan were performed 24 hours before and after USPIO (90
wmol Fe/kg) injection. T2 values of each lymph node were measured and lymph node T2 enhancement rate
was calculated as well. HE staining, Prussian blue staining, and electronic microscopy were performed to ob-
serve the pathological microstructure changes and the distribution of the iron particle in lymph node. Relation-
Thirty-
six lymph nodes in lymphadenitis group showed different degrees of reactive hyperplasia. Twenty-six lymph

ship between lymph nodes USPIO enhancement and its microstructures were further analyzed. Results

nodes in metastatic group were invaded by tumor cell. Non-enhanced scan showed mild difference between T2
signal intensity of the two pathological lymph node types. After USPIO enhancement, inflammatory lymph nodes
showed distinct T2 signal reduction at the center, and metastatic lymph nodes showed homogenous and faint T2
signal reduction. Enhancement rate of benign and malignant lymph nodes were 57.39% and 29. 45% respec-
tively (P <0.01). HE staining and Prussian blue staining indicated USPIO particles located mainly in the
macrophages at inflammatory lymphatic medulla, while paracortical area and cortical area contained relatively
much less USPIO particles due to less macrophages distribution. MRI findings were correlated with the patho-
logical results. Electronic microscopy also verified that the majority of USPIO particles were located in the nu-
merous cytophagic bubbles of macrophages. Lymph nodes metastasis including 4 lymph nodes with completed
structure destruction due to entire tumor infiltration, 19 lymph nodes with partially lymph node structure de-
struction but reduced USPIO-contained macrophage numbers or reduced USPIO particles in macrophages, and 3
USPIO enhancement

pattern of different lymph nodes is closely related to distribution and functional status of the intra-node macro-

lymph nodes with only localized foci tumor metastasis at subcapsular area. Conclusions

phages. It may affect the accuracy of the lymph node property diagnosis based on USPIO enhanced image.
Key words: ultrasmall superparamagnetic iron oxide; lymph node; magnetic resonance imaging
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eI T Sigma 22 ®], VX2 Ji BRI T AL 50 P A0 EE 2
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45 (n=36) MIMEHRBMKEL (n=26) B T2{HY  RYEMOCEH T2 BV R, FRrmmeas T2
FFEIESMES M (P=0.200, P =0.175), Bomfess (R4, Wi T2 E2E 5 HA BEME (P=0.000),
W EE SR L R s iy T2 (H22 7 A &M RIEMEA SHBER LA PRl R 22 2 BA B
(P=0.001), {HZX{EAHZEML 20 ms; USPIO $5i )5 itk (P=0.000) (%1).

B 1 A O S 2 P Ak L 25 A 02 MR B B HE J (51515

Fig1 Axial MR and pathological HE stained images of right popliteal inflammatory hyperplastic lymph node
A. JE5T USPIO §f T2WT K14 ; B. 4+ USPIO 24 h J5 T2WI K14, C. &4 HE @ K&
SRR A T2 (55 RA &) — B, BRI AT LIk O 25 vho O SRR AR 50U DX R A A i P11 JC B s AL DX, 08 58 S b
L5 O 1 T I — RO 5 DX o 5 B R X i Al P A ) DX 0 T L R 43, W] sl X 2
SIS I T L 2 Y B B R R B B X, Tl 9 SRR 1 XA R L 5T Y M4 4544

R: @dtdR; USPIO. MREMEZN AR AL BURL; T2WL: T2 AR

A . T2WI image before USPIO injection; B. T2WI image 24 hours after USPIO injection; C. HE staining under anatomicoscopy
T2 signal intensity of the lymph node was homogenous before USPIO injection. After injection, lymph node was heterogeneously
enhanced with a central ring-like signal reduction area and a peripheral mild enhanced circular area. Notably, there was a high
signal dot at the center. Compared with pathological result, overt signal reduction area correlated with lymph node medulla, and
peripheral relatively mild enhanced area correlated with the paracortical and cortical area. Center high signal dot was pathologically
vascular structure at the lymph node hilum

MR : magnetic resonance; USPIO: ultrasmall superparamagnetic iron oxide; T2WI: T2 weighted image

B 2 IR B AR (¥ 28 Pk T 45 USPIO 3L ARAE

Fig 2 Characteristics of USPIO enhancement of inflammatory lymph nodes with different pathological features
ABE DU A O F2 0 R L 45 6 USPIO B8 K% (A) Ko B HE Ze@l&{% (B) . USPIO 358 J5 ol WAL 58 K i) USPIO
sA R, SRR IRAL XA, HE e n] DR R 20, e i S BT DX AR s LRI BB R B 5 1 AR Oy T Y A
WREL 251 USPIO B R E& (C) Ff¥ HE Yo E{% (D). USPIO 3458 5 (I {5 5 X/ 4E A1 J6 B i 5 Ak IX 5 5
K, HE Qe n] WEEFE A, BRI B s A e W]
USPIO enhanced T2WT image (A) and HE staining image (B) of inflammatory lymph node mainly with medulla hyperplasia;

post-USPIO enhancement image showed lymph node was heterogeneously enhanced with a large central signal reduction area and a
thin peripheral high signal intensity circular area. HE staining showed a bulky medulla and slim paracortical and cortical area. US-
PIO enhanced T2WI image (C) and HE staining image (D) of inflammatory lymph node mainly with cortex and paracortex hyper-
plasia: post-USPIO enhancement image showed lymph node was heterogeneously enhanced with a small central signal reduction ar-
ea and a thick peripheral high signal intensity circular area. HE staining showed a normal sized medulla and hyperplastic paracor-

tex and cortex
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Fig 3 Axial MR and pathological HE stained images of right popliteal metastatic lymph node
A YRS USPIO §f T2WI B4 B. #:4f USPIO 24 h J5 T2WI F{%; C. {ksUBE F HE Y K%
SR D A5 BB SRS T2 (55 s G0 nl DI E A5 b0 DU AR Y T2 f5 51X, bk B 45 A 300 4 R AR A0 05 19 /)N
SEPEBREE X (53%) SRR, SR EREE R IR R T2 R (5 5 X EEONBERIX, 50 Rl B R IX KB IX,
A1 L5 B/INKERE R P X I T B R R kb ()
A . T2WI image before USPIO injection; B. T2WI image 24 hours after USPIO injection; C. HE staining under anatomicoscopy
T2 signal intensity of the enlarged metastatic lymph node was homogeneously high before USPIO injection. After injection, lymph
node showed obviously low T2 signal intensity at the central area, while peripheral area and superior lateral oval area ( arrow)
showed mild enhancement. Compared with pathological result, overt signal reduction area correlated with lymph node medulla,
and peripheral relatively mild enhanced area correlated with the paracortical and cortical area. And superior lateral oval area with

no enhancement correlated with metastatic foci ( ¥r)

B4 Ao g g 5 B L G5 Sl MR B 3 HE e €4 &1 (%

Fig4 Axial MR and pathological HE stained images of left popliteal metastatic lymph node
A YRS USPIO §f T2WI B4 ; B. #:4f USPIO 24 h J5 T2WI E{%; C. {&:U8E F HE Y%
BETR AT R A RS PRI L AE RS 5 T2 555 SRR L A5 R W5 1L, 505 BRAS SR8 1 B 7 bk L 245 1A 249 40% THI B
SRR AR, (HIEF R A5 45 8 KRB 7E
A. T2WI image before USPIO injection; B. T2ZWI image 24 hours after USPIO injection; C. HE staining under anatomicoscopy
T2 signal intensity of the enlarged metastatic lymph node was high before USPIO injection. After injection, lymph node showed no
obvious enhancement. Compared with pathological result, about 40% of the area of the lymph node was infiltrated with tumor tis-

sue, yet normal lymph node structure still existed

R 1 RS LB DA T2 (4 SRR

Table 1 T2 value and enhancement rate of inflammatory and metastatic lymph nodes

NSRRI B SR AT T2 {4 His e T2 1 AR
Pathological result of lymph nodes T2 value before enhancement (ms) T2 value after enhancement (ms) Enhancement rate (% )
RAYEMEL S Inflammatory lymph nodes (n =36) 122.47 £24. 30 50.59 £ 7.37 57.39
FEF P EL 45 Metastatic lymph nodes (7 =26) 103.73 £ 14. 72 * 73.23 +21.33** 20. 45 **

SR LA, +P=0.001, #xP=0.000
#* P=0.001, #xP=0.000 compared with inflammatory lymph nodes
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Vol. 31 No. 2 143



R R M B R

AERER N 5 IR 5% A Tk L 45
H AT LA (K 6) .

RENEER RUENLLEENE T RHER
N R A W T BRIURL Y LR AN, AniE O R %,
PR P AT L A A R R B B TR, R T R
AT UL TE T A W R URE B L W A0 B o oo A RS A R
HH R W 2 D DAY T DL 2 A S A, S O A P T
LA M Bk, OR DL B R MORL B M o s ke (K
7)o

RERER 7S R RS S

7 RAEERETEIR A P E A0 A R BT 1A R

Fig1 Electronic images of macrophage in inflammatory and me-
tastatic lymph nodes
A RIEKEZ DR E I, HA T RS A B
PR MO (H73k) 5 B BR8Pk E 45 rp i B
AN, B PN T K A AR KRG, HR DL
T ERURL B O S5 R
A. Electronic image of macrophage in an inflammatory
lymph node, and many black granule were observed in
the cytophagic bubbles of the macrophage representing i-
ron particles (arrow ). B. Electronic image of macro-
phage in a metastatic lymph node, and plenty of cellular
residues were seen scattered around the plasma but no

black granule were found inside the cell
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