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Analysis of histological and immunological
parameters of metastatic lymph nodes from colon
cancer patients reveals that T-helper 1 type
immune response is associated with improved
overall survival
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Abstract
Lymph node (LN) involvement in colonic carcinoma (CC) is a grave prognostic sign and mandates the addition of adjuvant treatment.
However, in light of the histological variability and outcomes observed, we hypothesized that patients with LN metastases (LNM)
comprise different subgroups.
We retrospectively analyzed the histological sections of 82 patients with CC and LNM. We studied various histological parameters

(such as tumor grade, desmoplasia, and preservation of LN architecture) as well as the prevalence of specific peritumoral immune
cells (CD8+, CD20+, T-bet+, and GATA-3+). We correlated the histological and immunological data to patient outcome.
Tumor grade was a significant prognostic factor even in patients with LNM. So was the number of LN involved (N1/N2 stage). From

the morphological parameters tested (LN extracapsular invasion, desmoplasia in LN, LN architecture preservation, and mode of
metastases distribution), none was found to be significantly associated with overall survival (OS). The mean OS of CD8+ low patients
was 66.6±6.25 versus 71.4±5.1 months for CD8+ high patients (P=0.79). However, T-helper (Th) 1 immune response skewing
(measured by Th1/Th2 ratio>1) was significantly associated with improved OS. For patients with low ratio, the median OS was 35.5
±5 versus 83.5 months for patients with high Th1/Th2 ratio (P=0.001).
The histological presentation of LNMdoes not entail specific prognostic information. However, the finding of Th1 immune response

in LN signifies a protective immune response. Future studies should be carried to verify this marker and develop a strategy that
augments this immune response during subsequent adjuvant treatment.

Abbreviations: CC = colonic carcinoma, DFS = disease-free survival, ECI = extracapsular invasion, LN = lymph node, LNM =
lymph node metastases, MMR =mismatch repair, OS = overall survival, TASMC = Tel Aviv Sourasky Medical Center, Th = T-helper,
TILs = tumor infiltrating lymphocytes.
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1. Introduction

Colonic carcinoma (CC) is the third most common malignancy
in the United States and Europe.[1] Lymph node metastases
(LNM) are major prognostic factor of this tumor, affecting both
overall survival (OS) and disease-free survival (DFS). About
40% of the patients present with LNM,[2] usually mandating
addition of adjuvant treatment to surgical resection. This
treatment has been shown to increase OS and improve
prognosis.[3] However, node-positive disease probably consists
of different patient subgroups. The TNM staging system for CC,
the most widely used staging system, acknowledges that the
number of involved lymph node (LN) is 1 factor that defines
different subpopulations with LNM, by the discrimination
betweenN1 (up to 3 involved LN) andN2 (>3).Moreover, it has
been shown that specific subpopulations with node-positive
disease have the same prognosis as T3N0 patients.[4] Histologi-
cal observation also reinforces the notion of heterogeneity of LN
involvement. Among the varying variables are tumor location
within LN, preservation of LN architecture, desmoplasia around
tumor in the LN, andmanymore. The clinical significance of this
variability is currently unknown.
Previous research on the different histological presentation of

LNM dealt with some parameters. For example, extracapsular

mailto:erann@tlvmc.gov.il)
http://dx.doi.org/10.1097/MD.0000000000005340


Nizri et al. Medicine (2016) 95:45 Medicine
invasion (ECI), which is the extension of cancer tumor cells
beyond the LN capsule into the perinodal fat tissue. The ability of
tumor cells to invade the capsular tissue and degrade extracellular
matrix is assumed to be a dismal sign.[5,6] However, the
prognostic significance of ECI is not consistent across all
studies.[7] In addition, it was shown that activation of follicles
in metastatic LN is associated with improved prognosis,[8] maybe
because it serves a surrogate for a protective immune response.
Recently, LN size was positively correlated with patient
survival,[9] another parameter that may hint on antitumor
immune response.
Another unexplored area is the tumor immune interactions

within the metastatic LN. In recent years, much research was
performed on tumor-infiltrating lymphocytes (TILs) and their
significance in various tumors. It turned out that the prognostic
significance of TILs depends on the specific subtypes of immune
cells present in the infiltrate. In CC, as in many other different
tumors, T-helper (Th) 1 immune response, induced by
cytotoxic (CD8+) T cells and their effector molecules is
associated with improved prognosis. On the other hand,
infiltration of tumor by regulatory T cells (CD4+CD25+
FOXP3+) and Th2 immune cells is associated with reduced
antitumor response and worse prognosis.[10–12] Each of the Th
lineages is dependent on a specific transcription factor for its
development, usually responsible for both chromatin remodel-
ing and appropriate cytokine production. T-bet is the main
transcription factor responsible for Th1 lineage, whereas
GATA-3 is the responsible for Th2 lineage differentiation.[13,14]

In the LN, tumor cells are surrounded by immune cells from
various types, hence tumor survival in this hostile environment
implies an evasion or escape mechanism exerted by tumor cells.
Indeed, previous research done on sentinel LN from melanoma
patients revealed immune suppression of these draining LNs,
induced by the tumor. It is manifested in the paucity of high
endothelial venules which normally afford naïve T cells
transmigration into the LN, decreased proliferation of T cells
from the involved LN, and reduced dendritic cells functions.[15]

However, not much is known about tumor immune inter-
actions at LNM of CC.
The purpose of this study was to identify specific patient

subpopulations within patients with CC and LNM (stage III CC).
For this purpose, we analyzed both histological and immunolog-
ical parameters in the metastatic LN.
Table 1

Clinical characteristics of patients.

N, %

Age, y±SD 70.7±12.5
Gender Male 38 (46.3)

Female 44 (53.7)
Clinical presentation Obstruction 11 (13.8)

Perforation 1 (1.3)
Procedure Right colectomy 47 (57.3)

Ext. right colectomy 9 (11)
Left colectomy 13 (15.8)
Sigmoidectomy 13 (15.8)
2. Materials and methods

2.1. Patient population

The study included 82 adult patients with pathologically
proven CC. All kinds of colonic resections (right, extended
right, left, and sigmoid) were included, preformed in either
open or laparoscopic techniques. Rectal cancer was not
included in this study due to neoadjuvant treatment and its
possible effects on immunological parameters. Patients were
operated between April 2008 and April 2011 at the Tel Aviv
Sourasky Medical Center (TASMC). Only patients who had
LN metastasis (i.e., N-positive disease) were included. The
number of cases was calculated according to 30% difference in
OS for Th1 predominant immune response, based on previous
studies that explored the effects of a protective immune
response in CC.[10,16,17] We excluded patients under the age of
18, patients with distant metastases at presentation (including
synchronous liver metastases), patients who were diagnosed
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with any other primary tumor within 5 years before their
operation, patients with any autoimmune or active infectious
disease, and those who were being treated with immune-
modifying medications (such as steroids, methotrexate, etc.).
The study was approved by the Institutional Ethics Board of the
TASMC and was conducted according to the principles of the
Helsinki Declaration. Data were extracted from electronic
patients’ files and pathological reports. Recurrence was defined
as a new lesion found on any imaging study (CT or positron
emission tomography scan). DFS was defined as the time from
surgical resection until the date of recurrence. OS was defined
from the time of surgery until death (determined by the national
population registry, censored in January 2016). For DFS in this
study, we analyzed the last time of patient follow-up in our
institution, as some of the patients continued their postopera-
tive treatment in other institutions. However, the data
regarding DFS were not comprehensive due to loss to
follow-up, hence we focused our analysis on OS.
2.2. Morphological analysis

Histological sections (paraffin embedded, 4–6-mmwidth) stained
with hematoxylin and eosins of metastatic LNs were analyzed.
Lymphoid tissue (usually germinal center and/or capsule) was
needed to classify a structure as LN. Tumor deposits, that is,
macroscopic or microscopic nests or nodules of cancer, found in
the pericolic adipose tissue without histological evidence of
residual LN, were excluded. Desmoplasia (in LNM) was defined
as peritumoral fibrosis. ECI was defined as the extension of
cancer tumor cells into the LN capsule.
2.3. Immunohistochemistry of LN sections

Immunohistochemistry was performed on the formalin fixed,
paraffin embedded tissue sections. We selected the LN presumed
to be with the worse features (i.e., ECI, LN with distorted
architectural structure) for further staining. Briefly, tissue was
rehydrated, using xylol and descending concentrations of
alcohol. Antigen retrieval was done with citrate buffer. Then
H2O2 (3%) was applied to neutralize the endogenous peroxi-
dase. Staining itself consisted of blocking solution, primary
antibody as indicated in Table 1, biotinylated second antibody,
conjugated enzyme, and 3,30-diaminobenzidine. We have then
stained the tissue using Mayer hematoxylin. The final step was
dehydrating the tissue, using ascending concentrations of
alcohol. Slides were covered with coverslips and mounting
media before microscopy analysis. We have used specific
antibodies for various immune markers, described as follows:



Table 2

Pathological characteristics of primary tumor.

Pathological features N, %

T 1 3 (3.6)
2 6 (7.3)
3 64 (78)
4 9 (11)

Tumor differentiation Well 12 (14.6)
Moderate 56 (68.3)
Poor 14 (17)

Mucinous tumor 17 (21.3)
Lymphovascular invasion 6 (7.5)
N 1 59 (72.5)

2 23 (26.3)
Number of LN retrieved 17.8±8.5

LN = lymph node.
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CD8 (MSK011-05, Zytomed, Berlin, Germany), CD20 (SIG-
3324-1000, Covance-signet, Princeton, NJ), T-bet (Sa-RBK049,
Zytomed, Berlin, Germany), and GATA-3 (MAB6330, R&D
Systems, Minneapolis, MN).
For quantification of peritumoral immune cells in LN, each slide

was converted to digital image using Olympus Ch30 (Tokyo,
Japan) microscope. From each slide, 3 representative fields (�200
magnification) were photographed. As immune cells commonly
reside in the LN, we focused only on peritumoral cells (limited to
100mm from the metastases border). Quantification was done
automatically on a constant area determined around the tumor
metastasis using Image Pro software (Rockville, MD, USA).
2.4. Statistical analysis

Comparison of quantitative variables between 2 independent
groups was carried out using Student t test. The association
between 2 qualitative variables was assessed using the chi-
square test. Survival analysis was performed according to the
Kaplan–Meier method, and survival curves were compared
using the log-rank test. Univariate and multivariate analysis by
the Cox proportional hazard model was performed to estimate
the independent potential risk factors, quantitative and
qualitative, that influence OS. Statistical analysis was done
using SPSS (v22) software (Chicago, IL).
Figure 1. Effect of tumor differentiation (A) and N stage
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3. Results

3.1. Patients’ clinical and pathological characteristics

Tables 1 and 2 describe clinical and pathological characteristics,
respectively, of participating patients. Age and sex distribution is
concordant with the presentation of CC. The majority of the
tumors arose in the right colon. A total of 17 tumors were defined
as mucinous tumors, among them 14 (82%) arose in the right
colon. As expected from the LNM inclusion criteria, most of the
patients (89%) had advanced T stage (T3–T4) tumor.

3.2. Effects of pathological parameters on
clinical outcome

We found a significant correlation between the tumor differenti-
ation and patients’ OS. The mean OS was 42.5±9.2 months for
patients with poorly differentiated tumors, versus 74.5±3.9 or
69.5±11.7 months for patients with moderate or well
differentiated tumors, respectively (P=0.002) (Fig. 1A). N stage
was also significantly correlated with the OS. The mean OS for
patients with N1 stage was 76.7±3.9 versus 45.7±6.2 months
for patients with N2 stage (P<0.001) (Fig. 1B).
The T stage did not correlate with the OS of the patients. The

mean OS for T1 stage was 65.4±0 months, for T2 stage 59.3±
15.3 months, for T3 stage 68.7±4.1 months, and for T4 stage
55.4±9.2 months (P=0.94). Mucinous subtype of CC also did
not confer any implication on OS (data not shown). Similarly,
lymphovascular invasion in the primary tumor had no effect on
OS (67.3±3.9 for patients with lymphovascular invasion versus
66.6±6.1 months for those without, P=0.65).
3.3. Effects of morphological parameters on patient
outcome

ECI was not associated with shorter OS in our patient cohort.
Patients without ECI had OS of 67.7±4.8 versus 67.7±5.3
months for those who had not (P=0.48).
Desmoplasia was previously described on primary tumor of

CC[18]; however, it is also present around LNM (Fig. 2A). There
are many contradicting reports about the role of desmoplasia in
pancreatic adenocarcinoma and in CC.[18,19] We examined the
effect of desmoplasia when present in LNM. OS of patient
without desmoplasia was 54.6±10 versus 71.3±3.7 for those
(B) on patients’ overall survival, see text for details.

http://www.md-journal.com


Figure 2. Analysis of histological parameters as prognostic markers in colonic
carcinoma. (A) Desmoplasia, defined as peritumoral fibrosis, around metastatic
tumor in the lymph node (LN). (B) Tumor metastases almost erase native LN
structure. A few germinal centers and capsule are remnants of the LN structure.

Figure 3. Staining of various immune cells markers in the tum
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with desmoplasia; however, the results did not reach statistical
significance (P=0.13).
We hypothesized that LN structure replacement by tumor

attests to the invasiveness and aggressiveness of the tumor
(Fig. 2B). When we compared patients with LN replaced by the
tumor to those in which the tumor only partially erases the LN
architecture, we found no difference in OS (data not shown). The
same is true for the pattern of tumor distribution in the LN (focal
or multifocal, data not shown).
We examined the effect of active follicles on survival. For this

purpose, we divided patients into 3 groups according to the
fraction of active follicles: more than third (active), between third
and 2/3 (intermediate), and more than 2/3 (nonactive). There was
no effect of follicle activation on OS (78.8±5.6, 63.3±10.5, and
66.2±4.4 months for active, intermediate, and nonactive,
respectively, P=0.81).
3.4. Effect of peritumoral immune infiltration on patient
prognosis

We next examined tumor immune interactions in the LN using
immunohistochemistry. Figure 3 shows the staining for the
various markers used. We first examined the ability of single
markers to predict patient OS. We tested whether increased
peritumoral CD8+ predicts improved OS. We divided patients
into CD8+ high and CD8+ low groups according to the median
CD8+ count. The mean OS of CD8+ low patients was 66.6±6.25
versus 71.4±5.1 months for CD8+ high patients (P=0.79).
Similarly, CD20+ peritumoral infiltration was also not associated
with improved OS. The mean OS of CD20+ low patients (divided
according to median CD20+ count) was 70.7±5.8 versus 64.3±
4.9 months for CD20+ high patients (P=0.6).
As Th1 immune response is associated with protective

antitumoral immunity, we examined whether the Th1 skewing
is associated with improved OS. However, the absolute number
of T-bet+ is not a reliable indicator of Th1 immune response as it
or vicinity. (A) CD8, (B) CD20, (C) T-bet, and (D) GATA-3.



Figure 4. T-helper (Th)1/Th2 ratio predicts patients’ overall survival (OS). Patients with Th1 immune response skewing in lymph node metastases had significantly
longer OS (P=0.001).
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is also dependent on the Th2 immune response (number of
GATA-3+ cells). Hence, Th1 skewing was defined as Th1/Th2
ratio>1. Indeed, Th1/Th2>1 was associated with improved OS.
For patients with low ratio, the median OS was 35.5±5 versus
83.5 months for patients with high Th1/Th2 ratio (P=0.001)
(Fig. 4). As can be seen in Table 3, Th1 skewing was the only
prognostic predictor of OS statistically significant in multivariate
analysis.
We further analyzed several parameters of the primary tumor

which could attest to its biology (T stage, grade, and mucinous
subtype) and correlated with immune parameters in the LN. We
found no significant correlations (Supplementary table 1, http://
links.lww.com/MD/B397).
Table 3

Multivariable analysis of prognostic factors for OS in patients with
LNM.

Variable T value Sig. 95% CI

Th1/Th2>1 8.019 <0.005 26–43.6
Differentiation 1.433 0.160 �2.2 to 12.91
N status �0.446 0.658 �11.1 to 7.11

Th = T-helper.
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4. Discussion

The aim of this study was to examine whether specific parameters
of LN involvement can identify patient subgroups within stage III
CC.
As could be predicted from its mere inclusion in the TNM

system, the N stage (N1/N2) could predict OS. Interestingly,
tumor grade was also a prognostic factor, attesting to the
importance of tumor biology in addition to disease extent, in
overall outcome. Other studies also demonstrated tumor grade to
be a stage-independent prognostic factor.[20,21]

We found no correlation between T stage and lymphovascular
invasion to patient OS. A possible explanation could be that
neither tumor local extent (T) nor preliminary signs of metastasis
(lymphovascular invasion) factors has significant influence in the
presence of LNM.
Here, we report on the presence of desmoplasia around the

tumor metastasis in the LN. The creation of the desmoplastic
niche around the metastasis may hint at the importance of the
desmoplastic reaction to tumor survival. Desmoplasia is consid-
ered a negative prognostic sign when present in primary colonic
tumor.[18,22] Indeed, in pancreatic cancer, the presence of the
desmoplastic reaction is associated with vascular paucity and
increased tissue pressure, all preventing the efficient delivery of

http://links.lww.com/MD/B397
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chemotherapeutic agents. However, desmoplasia may also
have a protective role as treatment with antidesmoplastic agents
was also shown to increase tumor development in experimental
models and in humans.[19] We found that desmoplasia was
associated with improved OS, although this association was not
statistically significant. This againmay point to the protective role
of desmoplasia also in CC.
It was tempting to hypothesize that the structural preservation

of the LN upon tumor infiltration is associated with tumor
aggressiveness and overall prognosis. However, we found no
significant correlation. It is possible that the distinction between
partial and total replacement of LN architecture is temporal:
tumors that erase native LN architecture will finally replace all
LN architecture and are not essentially different from those that
totally replace the LN.
Our hypothesis was that tumor may induce immune response

in the metastatic LN and that this response may influence
prognosis. However, this was not true for single cell type
markers, even for CD8+ T cells, a well characterized prognostic
marker in primary tumor. In contrast to the primary tumor, in
which CD8+ presence implies specific antigen-driven migration
and hence antitumoral activity, CD8+ cells are normal residents
of the LN. So, a methodological challenge in our study is to
determine which of the immune cells that reside in the LN is
associated with tumor immunity. We assumed that distance
from the metastases could serve as a marker for tumor
immunity. However, it is possible that not all peritumoral
CD8+ are indeed involved with antitumor immunity. This may
be the reason that the only immune marker significant in our
study was the Th1/Th2 ratio, which incorporates only activated
T cells. Similarly, we also did not find any correlation between
active follicles and CD20+ peritumoral infiltration and
prognosis. Both parameters are associated with antibody-
mediated immunity against CC. Interestingly, although antitu-
mor antibodies are well described in many tumor types (such as
breast, pancreas, lung, and esophagus),[23] only a minority of
patients with CC were found to have an antitumor antibody
response.[24]

The main finding of this study is that Th1/Th2 ratio reliably
predicts patient OS. Th1 type immune response is well known for
its antitumor activity, including in CC. Thus, our findings stand
in line with previous data. Of note, determination of Th immune
response in a sample of primary tumors from our cohort revealed
that there was a correlation between Th1 skewing in the primary
tumor and in LNM.We herein describe a simple immunostain for
2 markers (T-bet and GATA-3) which can serve as robust
prognostic marker.
The finding of Th1 predominant immune response can have

several clinical implications regarding adjuvant treatment. First,
the presence of a protective immune response should drive the
clinician toward protocols that preserve this function. Present
adjuvant therapy protocols use maximal dose therapy strategy. In
this mode of treatment, chemotherapy dosage is selected to be the
highest tolerated and administration intervals are widely spaced
in order to prevent treatment toxicity. This mode of treatment
was shown to depress antitumor immunity, causing both antigen
presentation impairment and inhibition of cellular effectors. On
the other hand, metronomic treatment uses lower drug doses with
more frequent intervals of administration. It was shown that
metronomic treatment augments antigen presentation and may
induce long-lasting antitumor immune response.[25,26] Thus,
metronomic adjuvant therapy could be a way to boost the
protective immune response discovered histologically.
6

Second, the finding of protective immune response may prompt
the use of immune blockade inhibitors. Although CC is considered
resistant to immune blockade inhibitors, recent study showed that
a significant portion of patients with mismatch repair (MMR)
deficiency respond to these agents. MMR-associated tumors
contain higher number of mutations and induce an endogenic
immune response.[27] Along the same lines, we suggest, at least
theoretically, that Th1 type immune response may also serve as a
marker for responsiveness to immune blockers inhibitors.
This retrospective study has several limitations. First, its

relatively small sample size may hamper the ability to identify
some prognostic factors. In addition, only 1 representative LN
was analyzed from each patient. Of note, the morphological and
architectural pattern of LN involvement by metastasis was
generally similar across several involved LN from the same
patient (data not shown).
In conclusion, tumor grade and the N stage predict OS in stage

III CC OS. Th1 immune response skewing, as calculated by the
Th1/Th2 ratio, can also predict patient prognosis. The finding of
a protective antitumor immune response even in advanced stage
CCmay serve as a modifier of the subsequent adjuvant treatment
in the future.
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